Cryst al l'i ne phases of

-{[ 2- (4- net hoxy- phenyl ) - acetyl am no] - net hyl } - bi phenyl - 2- carboxylic acid
(2 pyri diwo2eyl3eiskyl ) - am de The present invention rel atpesr/nmomm’o'mm)rphl c
forms and sol vates of 2'-{[2-(4-nethoxyphenyO
acetyl am noJ- net hyl J- bi phenyl ~- car boxy1l ic acid (2-pyhdin-3-yl-ethyl)-amn de,
processes for their preparation and their use, in particular for the
prepar ation of medi canents.
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AVEO1 r S0 d as "conpound 1", is a known
phar nagzcguwhp%(ﬁ@v%ﬁéogﬁp%g aegpwﬁ &igs described in WO 01/251 89, US
6531495 and WD 2007/ 124849, for exarrpl e. However, data concer ni ng
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yet ea@nocpnﬁs;esﬁonpﬂhemepaneélodlestdthetr usky i wtlcqnhaotmrthé@sepamaﬁd)nngfe conpound
may give rise tpo a variety of polynorphic forns wherein each form has

di fferéﬁ?d'ﬁm HFSS'[I nct physical properties, such as different solubility
profiles, different thermpdynamc stability, different crystallization
behavior, different filtrability, different nelting point tenperatures

and/ or 2H{[PFérdathoxyrehenyl fao%xiarrmo]rmawl} bmfeerwlﬂﬁmrgnmdid acid k&-pprigior cal

er f.differ phic forms results frondifferent orientation
an@pl ntée ﬁgl&@lnage ﬁﬂleerg’éq%gig of adjacent nolecules in the solid.

Pol ynor phic fornms of a conpound can be di stinguished by X-ray diffraction
and by ot her nethods such as, infrared spectroscopy or Raman spectroscopy,
for exanpl eq hese statenents a | i kewi se to solvates, i.e. solid
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which is also designated as AVEQ118 and herein is also abbreviated as "compound
15 I", is a known pharmaceutical active compound which is described in WO 01/25189,

US 6531495 and WO 2007/124849, for example. However, data concerning

polymorphic forms, or crystalline forms, and solvates of said compound are not

disclosed in the prior art.

20 Polymorphism is the ability of a single compound to exist in more than one form or
crystal structure. Different polymorphs represent distinct solids sharing the same
molecular formula, yet each polymorph may have distinct physical properties. A
single compound may give rise to a variety of polymorphic forms wherein each form
has different and distinct physical properties, such as different solubility profiles,

25 different thermodynamic stability, different crystallization behavior, different filtrability,
different melting point temperatures and/or different X-ray diffraction peaks. The

difference in the physical properties of different polymorphic forms results from



pol ynorphic forns or solvates of a known chem cal conmpound cannot be
foreseen. Neither the existence of crystalline phases or solvates nor the
nunber ofwpabywmspyski c fornms can be foreseen. Al so the ceodidPe@ossensier
which crystallization takes place to give a specific form and the
characteristics of the pol ynorphic for and sol vates cannot be predicted.
Si nce properties such as the solubiliégsand stability and consequently the
suitability for use and storage of each pol ynorph and sol vate nmay vary,
identifying the existence of polynorphs is essential for providing
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praper i efile or are useful in the preparation of the conpound. This
obj ect was sol ved by providing pol ynorphic forns and sol vat es of
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(2 D1 etk SR 515t e SEGFLER Y 008 Lo gl el o

e
sol vat ?)o%ﬂﬁo hio %Tr%@?'s%h%‘?@é‘éﬁé‘ﬂné@h‘@fe@nica%n%%dﬂ it beereekn. whi ch

pol yrmerhi c forms and sol vates have favorabl e properties with respect to
stabili
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docunents WD 01/25189, US 6531495, US 2007/0043091 and WO 2007/ 124849, is
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Thus, it is desirable to investigate all solid state forms of a drug substance, including

all polymorphic forms.

Accordingly, it was the object of the present invention to provide new solid forms of

20 2'-{[2-(4-methoxy-phenyl)-acetylamino]-methyl}-biphenyl-2-carboxylic acid (2-pyridin-
3-yl-ethyl)-amide, in particular forms which have a favorable property profile or are
useful in the preparation of the compound. This object was solved by providing
polymorphic forms and solvates of 2'-{[2-(4-methoxy-phenyl)-acetylamino]-methyl}-
biphenyl-2-carboxylic acid (2-pyridin-3-yl-ethyl)-amide which are selected from the

25 group consisting of polymorph 1, polymorph 2, polymorph 3, a chloroform solvate, a
toluene solvate and a 1,2-dichlorobenzene solvate, and any mixture thereof, which
polymorphic forms and solvates have favorable properties with respect to stability,
solubility, processability, hygroscopicity, flowability, filtrability or crystallization rate,
for example. The form of 2'-{[2-(4-methoxy-phenyl)-acetylamino]-methyl}-biphenyl-2-

30 carboxylic acid (2-pyridin-3-yl-ethyl)-amide which is described in the above-
mentioned documents WO 01/25189, US 6531495, US 2007/0043091 and WO
2007/124849, is designated herein as polymorph 4.



The terns "pol ynorph" and "phase"” may be used interchangeabl e herein. All
data used to characterize the polynorphic forns and sol vates of the present
i nvent i orwoens/ihisai ned as outlined in the Exanpl es provcuardeloswss One
aspect of the present invention relates to a form of

2' -{[ 2- (4- met hoxy- phenyl)- acetyl am n%] - et hyl } - bi phenyl - 2-carboxylic acid
(2-pyridin-3-yl-ethyl)-am de which is selected fromthe group consisting of
pol ynmor ph 1, pol ynorph 2, polynorph 3 and any m xture thereof. Another
aspect of the present invention relates to polynorph 1 of

2' -{[ 2- (4- met hoxyphenyO acetyl am noJ- net hyl J- bi phenyl - carboxylic acid
(2- pyhdin: 3-yl - - ani Ahi h t
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of the inventi.on, pol Im)r .ht§17 %Sa tt’le abov(ﬁ%cﬁ)go erty (a), in another
enbodi YEHE @ @nﬁﬁ&?émﬁﬂ P EBRMR'ES B giodi ment both above
properties (a) and (b). In further enbodi nents, polynorph 1 is also

characterized by one or nore of the follow ng features. Polynorph 1 may
al so bénhaspestaf thegrasgnt invertieayelptasdora Wirmfofad+{[2ot-methaxyrolamyh)-as t he

£ DnsmicepiimRsEEh Snpu i R bR R RSP ITb Pur bb abREe BT 1
the Fi gelet@swohl thasgrobpeensistingef pefynesiph dnpobpesriphiZ podpeaidhad endiot  a
prerequisite, but may vary, and represent another enbodi ment of the
iﬂvent !%W.m'lx&r?ﬁb@@ﬁ’ 1 may al so be characterized by the FT Ranan spectrum
shown in
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Another aspect of the present invention relates to polymorph 1 of 2'-{[2-(4-methoxy-
15 phenyl)-acetylamino]-methyl}-biphenyl-2-carboxylic acid (2-pyridin-3-yl-ethyl)-amide

which has at least one property of

(a) characteristic reflections in an X-ray powder diffractogram using CuK,1 radiation

in transmission mode at a 20 angle [°] of 6.7 £ 0.2 (intensity: medium), 13.2 + 0.2

(medium), 17.6 £ 0.2 (medium), 19.1 £ 0.2 (medium), 20.0 + 0.2 (strong), 21.4 £ 0.2
20 (strong), 22.5 + 0.2 (medium); and/or

(b) characteristic signals in an FT (Fourier-Transformation) Raman spectrum using a

near infrared laser (A = 1064 nm) at 3050 + 2 cm™, 2929 + 2 cm™, 2887 + 2 cm™,

16052 cm™, 1293+ 2 cm™, 1042+ 2 cm™.

25 In one embodiment of the invention, polymorph 1 has the above property (a), in
another embodiment the above property (b), in another embodiment both above
properties (a) and (b). In further embodiments, polymorph 1 is also characterized by

one or more of the following features.

30 Polymorph 1 may also be characterized by its X-ray powder diffraction pattern such
as the one shown in Figure 1 which has been obtained using CuKg radiation in

transmission mode, wherein the intensities of the reflections depicted in the Figure as



Figures 8, 12 and 16 which has been obtained using a near infrared |aser (

= 1064 nm . Polynorph 1 may al so be characterized by its nelting

char act erwetzomsi3gissh as its nmelting point with a DSC ongetr/mpenpesarsr e of
115.5 1 C (heating rate 10 C mnute). Polynorph 1 may al so be

characterized by its crystal paranetegﬁ whi ch have been determ ned by

single crystal structure analysis. The polynorph crystallizes in the
nonoclinic space group P2i/c with one nolecule in the asymetric unit (z =

4, a =11.31 0.0 A, b=844 0.01 A c=26.86 0.01. A b=101 .80

0. 01 , Welkagptipsg of tagreflections specifigd epave are pebmprenegeisdeulPe mMavweni.n t he

crystal_ st r - : i.ntranol ecul ar hydrogen bond

N-H O= Pﬁgﬁﬁﬁ%ﬁiﬁﬁgﬁﬁgﬂ?@i a s%nIgﬁﬁﬁfnqgﬁ@%recular hydr ogen bonds whi ch

connect the nol ecules to chains parallel to the crystall ographic b-axis.
Pol ynorph 1 may al so be characteriz by its DSC therpogramor its DVS

wat er \PDQAHPO%} bm@@'%@%@%@ﬁ@r%@ﬁ gxé%%&&n%ampaﬁﬂ%w shqwn in

t her no Lgalby. ; : R er e.

Ther ef ﬁ@j,iéib?glgr?pﬁ fouhictEhayibsth ﬁé’?ﬁﬁ%‘wﬁ'ﬁsﬁ @ﬁ%@rﬁﬁé, t'h%’g'ngol 3Prgffph i s
particuinax |y suitable when a high stability is desired. It is the only

pol ynor ph that can be stored in different environnents bel ow 90 C w t hout

the risk of transformation into another known phase. Therefore, polynorph 1
is in Eyhet nedy 4188l dHtiraéterzed 39%%élﬂﬁg%a%@%§%ﬁﬁsh%%s
pharmaceutical conpositions with inproved stability, in particul ar storage

st abi | ingiting eoindwitisp BSC onsetiemmesaterg of Al2.8tt dnCr (beatieg rate bl ynor ph 2 of
2'tﬁ[ngﬁ-nghgoxyphenyl)- acet yl am no] - et hyl } - bi phenyl - 2- car boxyl i ¢ aci d
f-pyri fitkd }-ethyl)-anide whi ch has at | east one property of (a)

characteristic reflections in an X-ray powder diffractogram using CuKa

radi ation in transm ssion node at a 2Qangl e [F of 6.3 0.2 (hintensity:
nedi umPolgnerphpl pay also be characterized by its crystal parameters which have been

determined by single crystal structure analysis. The polymorph crystallizes in the
monoclinic space group P2+/c with one molecule in the asymmetric unit (z = 4,

15 a=1131+001A b=844+0.01A,¢c=26.86+0.01A,B=101.80%0.01°,
V =2510.5 A®, p=1.269 Mgm’3; at room temperature). Within the crystal structure,
the molecule forms an intramolecular hydrogen bond N-H---O=C, and the molecules
also form intermolecular hydrogen bonds which connect the molecules to chains
parallel to the crystallographic b-axis.

20
Polymorph 1 may also be characterized by its DSC thermogram or its DVS water

vapor sorption and desorption isotherms.

Polymorph 1 is thermodynamically stable below 90 °C and thus also at room

25 temperature. Therefore, in comparison to the other known polymorphs, this
polymorph is particularly suitable when a high stability is desired. It is the only
polymorph that can be stored in different environments below 90 °C without the risk
of transformation into another known phase. Therefore, polymorph 1 is in particular
suitable for the preparation of medicaments and pharmaceutical compositions with

30 improved stability, in particular storage stability.



(medium, 12.6 0.2 (medium, 16.4 0.2 (strong), 17.3 0.2 (medium, 19.3
0.2 (nmedium, 19.8 0.2 (nmedium; and/or (b) characteristic signals in an
FT (Four iwo-20toamsssser mati on) Raman spectrum usi ng a near pcwferasiedsizaser (1 =
1064 nm at 3054 2 cml1l, 2946 2 cml , 1604 2 cml, 1294 2 cm1l , 1044
2 cml . In one enbodi ment of the inv?ti on, polynorph 2 has the above
property (a), in another enbodi nent the above property (b), in another
enbodi ment both above properties (a) and (b). In further enbodi nents,

pol ynorph 2 is also characterized by one or nore of the follow ng features.
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char act(eeidied), H2.6 t0. émediugn)c Hardat O (sitdngs, E0BM: A2 (medium),tihd td2nt wi t h

a DSC gnset tenperatu of. 117.2 ., 1 C (heating rate 10 C m nute). Pol ynorph
2 may _F‘?g'%)’gﬁaé 5_(9[‘%?@?96‘ s ANEOT| atti ce constants which have been =
deter méﬂff&wé})écté?i@ﬁé's@a@ inté}?Fﬂ('(FaMrim%fd?hfaftibﬁgﬁa%rp%é&f% Lgmos! i nic,
a =8.7 0.01 A b =27.96 0.01L A c=11.09 0.01 A b =102.26 "0.01 |,
V = 26%kar nfrgediagasdin=t tofdena) at 8954 Bal gmos gA46 trdigmal, 60he 2hay act eri zed
byAts t her r its DVS water vapor sorption and desorption

|)sl]c9|t herﬁggglcyg%ﬂmf??sc ‘t ast abl e at any tenperature. Its advantage
conpared to ot her

In one embodiment of the invention, polymorph 2 has the above property (a), in
another embodiment the above property (b), in another embodiment both above
properties (a) and (b). In further embodiments, polymorph 2 is also characterized by

15 one or more of the following features.

Polymorph 2 may also be characterized by its X-ray powder diffraction pattern such

as the one shown in Figure 2 which has been obtained using CuKg radiation in

transmission mode, wherein the intensities of the reflections depicted in the Figure as
20 well as those of the reflections specified above are not a prerequisite, but may vary,

and represent another embodiment of the invention.

Polymorph 2 may also be characterized by the FT Raman spectrum shown in
Figures 9, 13 and 17 which has been obtained using a near infrared laser (A = 1064
25 nm).

Polymorph 2 may also be characterized by its melting characteristics such as its
melting point with a DSC onset temperature of 117.2 + 1 °C (heating rate 10
°C/minute).

30
Polymorph 2 may also be characterized by its lattice constants which have been

determined by indexing of the X-ray powder diffraction pattern (monoclinic, a =



pol ynorphs is its higher solubility. Another aspect of the present
invention relates to polynorph 3 of 2'-{[2-(4-nethoxyphenyl)-
acet yl amwoometsbssk} - bi phenyl - 2- carboxylic acid (2-pyhdiparaspyéroesizys ) - am de
whi ch has at | east one property of (a) characteristic reflections in an
X-ray powder diffractogram using CuKai6 radiation in transm ssion node at a
2Qangle [] of 9.0 0.2 (medium, 15.57 0.2 (nediunm), 16.8 0.2 (nedium,
20.3 0.2 (mediunm), 2 1.0 0.2 (strong), 25.6 0.2 (nmedium; and/or (b)
characteristic %‘iv%nal S in an FAI’ (Fourier-Tr arlgf ormati on) Raman spectrum

] =

usi ng &-Aea0-0hfr &red719%seP-ql A=C £0640RAH0.81 gd47 102.26w .01 2935 2 cm 1,
1601 3, cmgkq AR93¢ F.C?Dﬁﬁ%i’p%awr 2 cm1l . In one enbodinent of the

i nvention, pol'ynorp € above property (a), in another enbodi nent

t he above property (b), in another enbodi nent both above properties (a) and
(b). In further_enbodi ments, polynorph 3 is also characterized by one or
mor e ofP QYBOF 2mv@sg@am&t%ﬂEw%@@%%rrmranber%Qw&wa fzed by

its X-1, % - i RatHLHR_ such as the one shown in Figure 3
whi%ch t@éoﬁgﬁé (E))B%erllrdnde uﬂ')stlﬂir?ﬂgIe r%gi @'i adiation in transm ssion node, wherein
the intensities of the reflections depicted in the Figure as well as those

of the flections specified abqve are not,a prerequisite ut vary,
ond'  eHRUBRPTLAG RErSARE Al B BPerauRs s Birak pymBRia 8 S al oo be
char actRyra6ehnRYs 1t8®idnerBammnitgpect rum shown in Figures 10, 14 and 18 which
has been ‘obtai ned using a near infrared |laser (I = 1064 nn). Pol ynorph 3

may al so be characterized by its nelting characteristics such as its
T o BB AN o By o2 T BRI o
whi ch  preayherRtylamino]-methyl}-biphenyl-2-carboxylic acid (2-pyridin-3-yl-ethyl)-amide
which has at least one property of
(a) characteristic reflections in an X-ray powder diffractogram using CuK,1 radiation
in transmission mode at a 20 angle [°] 0of 9.0 £ 0.2 (medium), 15.5 + 0.2 (medium),
15 16.8 £ 0.2 (medium), 20.3 = 0.2 (medium), 21.0 £ 0.2 (strong), 25.6 £ 0.2 (medium);
and/or
(b) characteristic signals in an FT (Fourier-Transformation) Raman spectrum using a
near infrared laser (A = 1064 nm) at 3047 + 2 cm™, 2935+ 2 cm™, 1601 + 2 cm™,
12932 cm™”, 1042 £ 2 cm™.

20
In one embodiment of the invention, polymorph 3 has the above property (a), in
another embodiment the above property (b), in another embodiment both above
properties (a) and (b). In further embodiments, polymorph 3 is also characterized by
one or more of the following features.

25

Polymorph 3 may also be characterized by its X-ray powder diffraction pattern such
as the one shown in Figure 3 which has been obtained using CuKg radiation in
transmission mode, wherein the intensities of the reflections depicted in the Figure as
well as those of the reflections specified above are not a prerequisite, but may vary,

30 and represent another embodiment of the invention.



determ ned by single crystal structure analysis. The pol ynorph crystallizes
in the nonoclinic space group P2i/c (z =4, a =8.81 0.01L A b = 1524
0.01 A owe2fiyiBosks 0.01 A, b = 102.22 0.01 , V = 263PCT/ER3)10p5R74. 208
Mym 3; at roomtenperature). Polynorph 3 may al so be characterized by its
DSC thernmogram or its DVS water vapor Sor ption and desorption isotherns.

Pol ymorph 3 is thernodynam cally nost 'stable above 90 Cto 122 C It is
only netastable below 90 C. It can easily be obtained by crystallization

al ready at elevated tenperatures and is suitable for the isolation and

puri fi CRIYBArRE 3 erayseise depdanacterized by the £EJdRemanaecirom Shawmiy rel ates to
pol ynor, fn 2'4- - - ) = : : -

Dot yi aguss 00, 410 Sl RS BB BB d using  near nfrared laser (A = 1064
(2-pyringm)p-3-yl -ethyl)-am de which has at | east one property of (a)
characteristic reflections in an X-ray powder diffractogram using CuKai
radiation in transm ssion node at a 2Q(2theta) angle [] of 6.4 0.2
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(Fourier-Transformati on) Raman spectrumusing a near infrared laser (I =
1064 nmpQNUBkE5 2 cm 1, 2923 2 cm1, 1606 2 cml1, 1044 2 cm1l .In
one enbodi nent, pol ynorph 4 has the above property (a), in another

enbodi ment the above property (b), in another enbodi nent both above
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transm ssi on. node, erein the intensities of the reflections depicted in
the Fi qu9-81ds Anel02:22 0L ° oY =t2R3 7 6AY e HRA8 Marwi T al@oabiRnePeielurgdt a
prerequisite, but may vary,

Polymorph 3 may also be characterized by its DSC thermogram or its DVS water

15 vapor sorption and desorption isotherms.

Polymorph 3 is thermodynamically most stable above 90 °C to 122 °C. Itis only
metastable below 90 °C. It can easily be obtained by crystallization already at
elevated temperatures and is suitable for the isolation and purification of crude

20 compound |.

The present invention further relates to polymorph 4 of 2'-{[2-(4-methoxy-phenyl)-
acetylamino]-methyl}-biphenyl-2-carboxylic acid (2-pyridin-3-yl-ethyl)-amide which
has at least one property of
25 (a) characteristic reflections in an X-ray powder diffractogram using CuK,1 radiation
in transmission mode at a 26 (2theta) angle [°] of 6.4 + 0.2 (intensity: medium), 12.0
1 0.2 (medium), 13.6 £ 0.2 (strong), 18.5 £ 0.2 (medium), 18.9 + 0.2 (strong), 21.7 +
0.2 (medium), 22.4 + 0.2 (medium), 27.2 £ 0.2 (medium); and/or
(b) characteristic signals in an FT (Fourier-Transformation) Raman spectrum using a
30 nearinfrared laser (A = 1064 nm) at 3055 + 2 cm™, 2923 + 2 cm™, 1606 + 2 cm™,
1044 £ 2 cm’™.



and represent another enbodi nent of the invention. Polynorph 4 may al so be
characterized by the FT Raman spectrum shown in Figures 11, 15 and 19 which
has been wbtaiosessssi ng a near infrared |aser (I = 1064 pamEeP2doloyTzos ph 4
may al so be characterized by its nelting characteristics such as its
melting point with a DSC (differential, scanning cal ori netry) onset
tenperature of 118.2 1 0OC (heating rzﬁe 10 ¢ mnute). Polynorph 4 may al so
be characterized by its crystal paraneters which have been determ ned by
single crystal structure analysis. The polynorph crystal lizes in the
triclidp @ngaelodmend MIYMeRth? Has the ab@m eroneri@).ds pneiterieambediment =
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room t dunlesradrabedimenits potyrnbepic4 ys&igb chiaraaténize by baemblrmelcﬁsthé orm
intramol ecul ar as well as internol ecul ar hydrogen bonds N-H O=C. The
mternﬁ@mparfeﬂwﬁ%gen bonds connect the nolecules to chains parallel to
eécrystal | ographi c a-axis. Polynorph 4 may al so be characterized by its
thernogramor its DVS (dynam c vapor sorption) water vapor sorption and
desor ptF?ai»ymbE;m 4 enaysalPolbgnalrguactériagg baiits X-cayppowder diffcyatiom pedalerny ssclabl e i n

anarrow ture. range around, 90, C. ve nd bel.o rane the
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1, which is stable at room tenperature. Thus, Erocesses for the preparation
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1, 2-di chl or obenzene sol vate of
'-{[2F$4 nmet hoxy- phenyl) acet yl am noj -metFI_y - bi phenyl - 2-carboxylic acid
( 2- pyr iFAlYMQIRA 4 ErayyalF0 i earadtRezeh Py g 5T REBRDAPECHEBLIAWYIN 0 t he

i nvent 'F(?é]ur%gol‘”fs, 1%@9{@% Wh'lé‘? i'"né;s 53&11 Sdelrﬁ’éﬁuélﬂg a near infrared laser (A = 1064
nm).
15
Polymorph 4 may also be characterized by its melting characteristics such as its
melting point with a DSC (differential scanning calorimetry) onset temperature of
118.2 £ 1 °C (heating rate 10 °C/minute).

20 Polymorph 4 may also be characterized by its crystal parameters which have been
determined by single crystal structure analysis. The polymorph crystallizes in the
triclinic space group P-1 with one molecule in the asymmetric unit (z=2,a=8.38 +
0.01A b=1115+0.01A,¢=13.97+0.01 A, a=79.40+0.01°,  =85.19 + 0.01 °,
y =86.55+0.01°,V =1277.1 A3, p = 1.247 Mgm>; at room temperature). Within the

25 crystal structure, the molecules form intramolecular as well as intermolecular
hydrogen bonds N-H---O=C. The intermolecular hydrogen bonds connect the

molecules to chains parallel to the crystallographic a-axis.

Polymorph 4 may also be characterized by its DSC thermogram or its DVS (dynamic

30 vapor sorption) water vapor sorption and desorption isotherms.
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1.9 0.2 (strong). In one enbodinent, the chloroformsolvate may al so be
characterized by its X-ray powder diff action pattern such as the one shown
in Figure 5 which has been obtai ned using CuKai radiation in transm ssion
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orm sol vate can vary, on the detal the pr i on
such asotipoundrlkn @pfapt, @eedmmeandhe @teccermmmbn’renanmﬁr the i nvention the
chloroformcontent is fromabout 1.1 to about 0.1 , inanother enmbodi nent
fromabout 1.1 to about 0.5, in another enbodi nent from about 1 to about

0.5, imaeelBEhE n’FﬁWenﬁBﬁlﬂélaﬂes fo'h BRIBkATeFM SBRRE PfluaostIvaed Nl ar
equi val ents of chloroform which latter chloroform content corresponds to

t he weiagidta N Zsdicbiorebensens a@ﬂvata@f eh{[3r(froetmoxwpiphenyl)-agetydamined nbetby}-dr i ed
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ref | ections in an X-ray powder di ffract ogram using CuKai radiation in
transm_ssion node at a 2Qa [] of 8.2 0.2 (intensity: strong), 15.0
0.2 (stlheng)lorofgrnzsolyate deldﬁjto thginvengon Sbﬁ’é’&Clhﬁ}’aCtQ”&_t'C:afeﬂ@Ctzor(ﬁfﬁd| um ,
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angle [°] of 8.7 + 0.2 (intensity: medium), 16.1 + 0.2 (medium), 16.4 + 0.2 (medium),

15 17.1 £ 0.2 (strong), 19.9 £ 0.2 (medium), 20.4 + 0.2 (strong), 21.9 + 0.2 (strong).

In one embodiment, the chloroform solvate may also be characterized by its X-ray
powder diffraction pattern such as the one shown in Figure 5 which has been
obtained using CuK,1 radiation in transmission mode, wherein the intensities of the

20 reflections depicted in the Figure as well as those of the reflections specified above
are not a prerequisite, but may vary, and represent another embodiment of the

invention.

Outside the mother liquor, the chloroform solvate is only moderately stable and starts
25 to transform to polymorph 2. Thus, a further aspect of the present invention relates to

the use of the chloroform solvate of compound | for the production of polymorph 2,

for example by subjecting it to conditions, such as an elevated temperature and/or

reduced pressure, which facilitate the loss of chloroform.

30 The molar ratio of chloroform and compound | in the chloroform solvate can vary,
depending on the details of the preparation such as the work-up procedure. In one

embodiment of the invention the chloroform content is from about 1.1 to about 0.1, in



I n one enbodi nent, the toluene solvate nmay al so be characterized by its
X-ray powder diffraction pattern such as the one shown in Figure 6 which
has been wbtaiosessssi ng CuKai radiation in transm ssi onpaowdeomehsn2es n t he
intensities of the reflections depicted in the Figure as well as those of
the reflections specified above are nm a prerequisite, but may vary, and
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t r ans m(gRidum)TeRes 2 (@ediunhe 261 €0s2 trmediued). t he refl ections depicted in
the Figure as well as those of the reflections specified above are not a

prerequisite, but may vary, and represent another enbodi ment of the
I nvent Qe embodiment, the toluene solvate may also be characterized by its X-ray

powder diffraction pattern such as the one shown in Figure 6 which has been

15 obtained using CuK,1 radiation in transmission mode, wherein the intensities of the
reflections depicted in the Figure as well as those of the reflections specified above
are not a prerequisite, but may vary, and represent another embodiment of the

invention.

20 According to temperature-resolved X-ray powder diffraction, DSC and TGA, the
toluene solvate loses its solvent in the temperature range from about 80 °C to about
110 °C and transforms to polymorph 4. Thus, a further aspect of the present

invention relates to the use of the toluene solvate for the production of polymorph 4.

25 The molar ratio of toluene and compound | in the toluene solvate can vary. In one
embodiment of the invention the toluene content is from about 1.1 to about 0.1, in
another embodiment from about 1.1 to about 0.3, in another embodiment from about
1 to about 0.3, in another embodiment from about 0.7 to about 0.3, in another
embodiment about 0.5 molar equivalents of toluene which latter toluene content

30 corresponds to the weight loss of samples of the toluene solvate as determined by
TGA.



The 1, 2-di chl or obenzene sol vate can be used in the purification of conpound
| by recrystallizing it in the formof this solvate | . Thus, a further
aspect ofwohelopresent i nvention relates to the use of tIReT/EP2010/057273

1, 2-di chl orobenzene sol vate of conpound | for purifying conmpound |I . The
mol ar ratio of 1,2-dichlorobenzene ang conmpound | in the

1, 2-di chl orobenzene sol vate can vary. ?n one enbodi nent of the invention

t he 1, 2-di chl orobenzene content is fromabout 1.1 to about 0.1 , in another
enbodi nent from about 1.1 to about 0.3, in another enbodi ment from about 1
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bi ghenyl - 2- carboxyl ic acid (2-pyridin-3-yl-ethyl)-anide according to the
present invention, selected from polynorphic forns 1, 2, 3 and 4, as a
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forms beeh cﬁﬂé’i_n%d L%ﬁwg'icgk@{ rEREAIGN iﬁQn‘ar@hﬂ?gbﬁ%&I&, -wl'fér_feilrhrthgﬁfrﬁteﬁéiﬂ%fof()f t he
present invention relates to a pharnmaceutical conposition conprising at

| east | dhe reftsofions pllep'tfzte?d)Mﬁh@fFiguw{qszwehaﬁého&gf ineieflegtions specified
Sy ARl TRl SR RINTRY biifed YRR Ari R bt ansther ambrdiment ghing e

from pehyamiophi c forns 1, 2, 3 and 4, and one or nore pharnaceuti cal
acceptabl e excipients, i.e. inactive substances such as diluents and ot her
auxiliaries. In one enbodi ment of the invention the pharnaceuti cal

COMPOS i 0§ o ERBPo%%%zghe's‘BR/%E%BEﬁ b%fus%§| iM e pl]iiﬁ%ét 5t chmpo H n@ . The

phar maceut 1’cal "conmposit1 0ns, I'ch can be enploye en using conpound | as

a nedi caomystallizmdit imthenfeednafrileisaotvatet eThusaryfurthdi espext ofithhenptdsgntont ai n a
15 invention relates to the use of the 1,2-dichlorobenzene solvate of compound | for

purifying compound |.

The molar ratio of 1,2-dichlorobenzene and compound | in the 1,2-dichlorobenzene
solvate can vary. In one embodiment of the invention the 1,2-dichlorobenzene

20 content is from about 1.1 to about 0.1, in another embodiment from about 1.1 to
about 0.3, in another embodiment from about 1 to about 0.3, in another embodiment
from about 0.7 to about 0.3, in another embodiment about 0.5 molar equivalents of
1,2-dichlorobenzene, which latter 1,2-dichlorobenzene content was determined in
samples of the 1,2-dichlorobenzene solvate by 'H-NMR spectroscopy.

25
Another aspect of the present invention relates to the use of a polymorphic form or a
mixture of polymorphic forms of 2'-{[2-(4-methoxy-phenyl)-acetylamino]-methyl}-
biphenyl-2-carboxylic acid (2-pyridin-3-yl-ethyl)-amide according to the present
invention, selected from polymorphic forms 1, 2, 3 and 4, as a pharmaceutical or

30 medicament. One embodiment of the invention relates to the use of a polymorphic
form selected from polymorphic forms 1, 2 and 3, or a mixture of polymorphic forms

comprising at least one of polymorphic forms 1, 2 and 3, as a pharmaceutical or



pol ynor ph or pol ynor phs of conpound | in a percentage from about 0.001 %to
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In general, suitable excipients are known to the person skilled in the art. A diluent, or
carrier substance, is any compound which is pharmaceutical acceptable and suitable
to increase the bulk volume of the pharmaceutical composition, so that the final

20 product has the proper form and volume for administration and dosage by the patient
or physician. Examples of diluents are water, vegetable fats and oils, lactose,
sucrose, glucose, mannitol, sorbitol, calcium carbonate, calcium phosphate, kaolin,
microcrystalline cellulose, starch etc. and combinations thereof. Examples of other
auxiliaries, which may be present in a pharmaceutical composition for attaining the

25 desired property profile and/or supporting its manufacture, are antiadherents, binders
(e.g. acaia gum, gelatin, cellulose, cellulose derivatives, polyvinylpyrrolidone, sodium
alginate, starch, sucrose, polyethylene glycol, etc.), buffer salts, coatings (e.g.
cellulose, synthetic polymers, shellac, polysacharrides etc.), disintegrants (e.g.
starch, cellulose, crosslinked polyvinylpyrrolidone, sodium starch glycolate, sodium

30 carboxymethyl cellulose, methyl cellulose, gums such as agar, guar, etc.), flavors
and colors, glidants, lubricants (e.g. talc, silica, magnesium stearate etc.),

preservatives (e.g. antioxidants like vitamin A, vitamin E, vitamin C, retinyl palmitate



pol yoxyet hyl ene sorbitan fatty acid esters, polyethylene glycols,

pol yoxyet hyl ene stearates, colloidal silicon dioxide, phosphates, sodium
dodecyl suwbavmy/13gmsboxynet hyl cel | ul ose cal ci um cel | ul opeTdwrIv@sTINES,
magnesi um al um num sili cate, triethanol am ne, polyvinyl alcohol,

pol yvi nyl pyrrolidone etc., as well as1$ny conmbi nation thereof. The

phar maceuti cal conpositions according Yo the invention may have any form
sui tabl e for dosage and administration in the desired use of conpound |
and, e.g., be aliquid, syrup, elixir, injectable solution, suspension,

oi nt mernd sederiBm, Metbiosine, sysieinen gHc geids spdiumnpiiate, mebyagaberand t he
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condition bein reat ed, general alth, the route of adm nistration, body
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The total daily dose of a polynnrph or pol ynor phs
of conmpound | accordlng to the invention may be adm nistered to a patient
in a S|ngle dose or divided doses. In one enbodi nent of the present

i nvent i 1618, PharPERCRHEEH PO POsiIGNFRnesdiBg te fmptsyRation ataydma@w ®rihe
e o AOATIGE A ARSI (dsed b (e
exanpl e lajuid adyrfip elixir| mjeataisieolwtiani, aUs;Bénﬂl(br&rolntmre:Htpp)owdjerepable’d piled
re%plr%ardorsoftcapswe lozenge, and the like. The pharmaceutical compositions can be
administered, for example, orally, bucally, rectally, parenterally, intravenously,
subcutaneously, nasally, topically, by inhalation or by ophthalmic or transdermal
routes, especially orally, intravenously or nasally, the preferred administration
depending on the particular case. The dosage, which is employed when treating a
20 subject, preferably a mammal, more preferably a human, with compound | in the form
of one or more polymorphs according to the invention and which is effective for
obtaining the desired therapeutic or prophylactic result, varies and is determined by
the physician in view of the particulars of the specific case. As is known in the art, the
dosage depends on a variety of factors such as, for example, the severity of the
25 condition being treated, general health, the route of administration, body weight,
gender, diet, time and route of administration, the desired duration of treatment, rates
of absorption and excretion, combination with other drugs, and others. The total daily
dose of a polymorph or polymorphs of compound | according to the invention may be
administered to a patient in a single dose or divided doses.
30
In one embodiment of the present invention, a polymorph or polymorphs of

compound | according to the invention, or a pharmaceutical composition comprising



di sorders, for exanple sleep-related respiratory disorders selected from
the group consisting of sleep apnea, for exanple central sleep apnea or
obstructiwe sieepssapnea, Cheyne- St okes respiration, snorcmgpeio®sizps ed
central respiratory drive, upper airway resistance syndrone and sudden
child death, especially obstructive sl@ep apnea. O her respiratory

di sorders |i ke postoperative hypoxia, apnea, nuscle-related respiratory
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inrelation to the reduced inspiratory pressure. This disparity |leads to
the colth@se of the upper respiratory pathways (obstructive apnea) during
the inhalation. In the case of high constriction of the upper respiratory
pat hways and correspondingly high tissue pressure, a collapse can occur
even Obstructive sleep apnea arises through the reduced inspiratory pressure which is

15 generated by the diaphragm and chest muscles in the course of inhalation into the
upper respiratory pathways in the presence of contraction of the upper respiratory
pathways. Constricted anatomic conditions of the upper respiratory pathways are
present in the case of obesity (lipotrophy) and anatomic predisposition, e.g.
retrognathia. In persons having this predisposition, the tone of the dilating muscle

20 structure of the upper respiratory pathway muscle structure must always be
increased in comparison to healthy persons in order to prevent collapse. The
genioglossus muscle, a muscle at the base of the tongue which is innervated by the
hypoglossal nerve, is the most important of the dilating muscles of the upper
respiratory pathways. While the muscle tone in the upper respiratory pathways is still

25 sufficiently high in the wakeful state to prevent respiratory disorders, it falls greatly in
sleep, such that it is too low in relation to the reduced inspiratory pressure. This
disparity leads to the collapse of the upper respiratory pathways (obstructive apnea)
during the inhalation. In the case of high constriction of the upper respiratory
pathways and correspondingly high tissue pressure, a collapse can occur even

30 during exhalation, i.e. without reduced pressure. An increase in the muscle tone of

the upper respiratory pathways through compound | can prevent obstructive apneas.



during exhalation, i.e. wthout reduced pressure. An increase in the nuscle
tone of the upper respiratory pathways through conpound | can prevent
obstructiwe apmegmssSnori ng i s generated by flowrel at edpeirlmradioosr73 n t he
upper respiratory pathways. It arises in the case of excessively narrow
upper respiratory pathways wth sinuliéneously I nsufficient nuscle tone of
t he upper respiratory pathways and hente has a cl ose pat hophysi ol ogi cal

rel ationship to obstructive sleep apnea. Snoring can thus be regarded to
sone extent as a precursor of obstructive sleep apnea. An increase in the
nuscl e S&iE9ds generalp@ oy flovstalatedonrajansitalne unnesigspiciapoRataweysHér ef or e

can pr"a\éfégg |rpﬁ1teh?ass%?5f é@&e@gﬂeﬂxgrféﬁéwa@ﬁgr %S;bﬁgtecgg{@?’}%%r\%lﬁﬁl apneas are

caused by centra Sruptions resprratory r ey can be

pr eventsadultynddislysingufficiemt owss e topier gftthe nipper ragpivatory pattiways afid benpeund |

. Accordingly, a further aspect of the present invention relates to the use
of a p&%rﬁ)gﬁﬁ?@a\mﬂﬂ?\y&d%' 'i@@#len%ff'pﬁ&og)ﬁﬁ%wecsl%naﬁ@nsa- Snoring can

2' ={[2 < - : ' P - 2 ylic acid
(2 oy B e o B e Ao, T act ur e
of a minlireasein thfeomustie tome af thenupparmespidatory patbnayy tanodgpramptpduend Is,  of

sleep-rel ated respiratory, disarders, qr ,atrial, arrhythma. In a particul ar
ot of or 138 B AERYOT HRIGISBBHNY s R Lshys pleEBiaPMiee GRBel PENGALES apnea,
pr ef er aRLxe@bFidenEhl ¥8rfitRAR cﬁﬁ’é‘ﬁ_ﬁ-atér@/ r@?@la‘ﬁﬁh@ﬂh@?@én 8k prefehtBY Hyithen, the
phar maceuti cal conposition according to the invention conprises at | east
one f usimeltangausyesaijetan-simuginpiastibaof gampoundd. agent for the treatment,

[ n@l udi ng therapy and prophylaxis, of atrial arrhythm a and/or sl eeprel ated
respiratory disorders. According to one enbodi nent of the invention, the

phar mageitbrdiaglyca ipasértdspecastiediragentdniditionmetatbs e tHeonéabna pol ynor ph 1
of conpound I . According to another enbodinment, it contains polynorph 1 of
conpoum@NMeiphicienmrarta rxture of pRIVyemHe farms ol (fhinathandpienybl ynor ph 3
of co - AR Jol? B : [ PR o g =3 e nal ynorph 1 of
conpousyeia RirBT ARy BUAEPR- BB A plricih -y AT e

according to the invention for the manufacture of a medicament for the treatment,

15 including therapy and prophylaxis, of sleep-related respiratory disorders or atrial
arrhythmia. In a particular preferred embodiment the sleep-related respiratory

disorder is sleep apnea, preferably obstructive sleep apnea.

In one embodiment of the invention, the pharmaceutical composition according to the
20 invention comprises at least one further active agent, in particular an active agent for
the treatment, including therapy and prophylaxis, of atrial arrhythmia and/or sleep-

related respiratory disorders.

According to one embodiment of the invention, the pharmaceutical composition

25 according to the invention contains polymorph 1 of compound |. According to another
embodiment, it contains polymorph 1 of compound | in combination with polymorph 2
of compound | and/or polymorph 3 of compound | and/or polymorph 4 of compound |,
for example polymorph 1 of compound | in combination with polymorph 3 of
compound | or polymorph 1 of compound | in combination with polymorph 4 of

30 compound |. According to another embodiment of the invention, the pharmaceutical
composition according to the invention contains polymorph 3 of compound I.

According to another embodiment, it contains polymorph 3 of compound | in



conpound | or polynmorph 1 of compound | in conbination with polynorph 4 of

conpound | . According to another enbodi nent of the invention, the
phar macewvoealo/essposi ti on according to the invention cegtrapresopsi2ysor ph 3
of conmpound | . According to another enbodinent, it contains polynorph 3 of

conmpound | inconbination with polynnrg 1 of conpound I and/or pol ynorph 2
of conpound | and/or pol ynorph 4 of c ound |, for exanple pol ynorph 3 of
conmpound | in conbination with polynorph 4 . Another aspect of the present
i nvention relates to ocesses for the Preparatlon of the polynorphic forns
and so|0@a1ké@atec&bwrthupﬁ§qurphh1eof FRBROYh! amwoapplymcn@h%@mﬂﬂpoun% present

2" (1 2 e S0 B PoRLRaRgl tor RSB BOVFRIMRR Aepmpondiny i ¢ aci

( 2- py hdiomisaatiorewvhly lpptyamdrge 4zonpri sing a crystallization step, wherein
pol ynmor ph 1, pol ynorph 2, polynorph 3, polynorph 4, the chl oroform sol vate,
the toI uene solvate or the 1, 2-di chl orobenzene sol vate of

: i e N i d
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of the dh'é\ﬁ?!)lddéfylér%ﬁw &HS/I?JHWQarR/Y ZCée%fﬁéﬁ}Il'c'a@ld‘(:’Q BflrldlﬁCJ ylsétﬁk/ﬂ iafhing

corrpound |, arti ng rom a sol ution of rrpoun or from a Suspensi on of
corrpourmmprmmg a@nys;aillmqmﬁppuwhewem pAIysrmrphnopommczfr@h&mﬂmnor r3,a

Y heseludtorchiBR dhfyoron T nd oM Ra R ot T8 SlclenigBor "

Suspendslon@t@bezw-{pzls(iwnéthampaeﬁﬂ?la@égmm@mamm@l} blphe'ﬁDEZic%ﬂmxyﬂéladﬁi
conmpound | " conprises any formo ound I, %ﬁjt e material directly

obt ai ndd-AyFigin- éwéﬁffwé)ra@m %%\%ﬁ”@ede@m’i@t@ retaingd. e PReGESBRAMRIFSeSol vat e or
o Sk I Bt 8 B A0, P HE 2 IOREIERY, Blbedies o)
t r ansf @higrdfdron soldatef idlwénqogdﬂyamerqirm,E-didflmo@lenSGMQ'ablaatH as outlined below.
15
In general, the polymorphic forms and solvates of the invention can be obtained by
crystallizing or recrystallizing compound |, starting from a solution of compound | or
from a suspension of compound | or from solid compound I. A solution of compound
I, or a suspension of compound I, may have been obtained at the end of the chemical
20 synthesis of compound |, or it may have been obtained by dissolving or suspending
previously synthesized crude compound I. The term "crude compound |" comprises
any form of compound |, e.g. the material directly obtained from chemical synthesis,
a distinct polymorphic form or solvate or a mixture of polymorphic forms and/or
solvates, which may not have been characterized with respect to its crystal
25 properties, and which is to be transformed to a distinct polymorphic form or solvate or
to another distinct polymorphic form or solvate. More specifically, the polymorphic
forms and solvates of the invention can be obtained by (a) providing a solution or
suspension of compound |, for example by dissolving or suspending crude compound
| in a suitable solvent, wherein a solution of compound | generally is a clear solution
30 and may optionally have been filtered, (b) maintaining, heating, cooling and/or
concentrating the solution or suspension and/or adding one or more further solvents,

with or without agitation such as stirring, to form a precipitate of crystals of a desired



to anot her distinct polynmorphic formor solvate. Mdrre specifically, the

pol ynorphic fornms and sol vates of the invention can be obtained by (a)

provi di ngve 28tl/13b3sen or suspensi on of conpound |, for erammreolbpsrssol vi ng
or suspendi ng crude conmpound | in a suitable solvent, wherein a solution of
compound | generally is a clear solut'Qn and may optionally have been
filtered, (b) maintaining, heating, cooling and/or concentrating the

sol ution or suspension and/ or adding one or nore further solvents, with or
Wi t hout agitation such as stirring, to forma precipitate of crystals of a
desi r edtptict RelymasPh @b splyats o5t QJEIWéthﬂ formation ehatdesired digltnich ﬁ03§fnoap'aesi red
distin - i i e distinct polynorph or
sol vat cebtr s@ﬁ)g’fé&%n?g(scgfesg %@%gedﬁgpﬂﬁggym@%?%#g’aﬁ%r nms and sol vates of
conmpound | can be perfornmed with conventional equipnment and according to
standabd procedureF. For exanple, concentrating of a solution or suspension
in st e NEHrORBSSERO BHPHINAREYMOrRHE TS @R S@ivBtesRTIGORMMQKNG: G5t e |y at
at mps pRRkormBH S ?(?n\%rntigﬁalr&ﬂ}iﬁﬁl@npéﬁé%HE@rdir{qsfy &}ah&&r rote@egMRHPh Or
solvate 1n step (c) may be done by any conventi onal technique such as
filtratexampbe, comceaairating of atsolutioororcaispensiogan stap. (bl) swdyalbé donedy al so

o eosudstiing S salfefoatiafE Beloy 5t sitkisoha Pectire onet BBSES om
t enper §fdifire! IsBlatingld? HASSIFBrSh 8F s@batetin K8 (d)InaPBEIdoAR By adypr exanpl e

about 20 OC, or at about 40 OC._ In a preferred enbodi ment, "the sol ution or
sus pengoorentgna éectwiqierisuch as éliratiah asvasuem fliiatierpopeanttiugatiopst al | i zat i on

or, ~pol r romti.on. di.ng..(.s >f er abl e W |1 anount
ot & he 6T b1 oR SR eP e G caiGie & ob b EiTE R s Gttt le SRRy or o 2
or pol y&8lidsd Bre@buRy fom@Xamipléd at iderafdde eddudkedigressurestboutimt i on rel ates
to a process for the preparation of polynmorph 1 of
2' - {[ 2iempaeatisky-ephdapPpraise 9f e dB- TreihgPqutr e for examalenriigHtiZd aci d
(2- pyrio@' B 3 ¥Eél?ttétb'l’c),'am de, the process conprising the steps of (a)
suspendi ng ’
2' -{[ 2- (4- met hoxy- phenyl ) - acet yl am no] - net hyl } - bi phenyl - 2- car boxyl i c
15 In a preferred embodiment, the solution or suspension may be seeded in step (a) or
step (b) to promote crystallization or polymorph transformation. Seeding is preferably
done with a small amount of the desired polymorph or solvate, for example

polymorph 1 or polymorph 2 or polymorph 3 or polymorph 4.

20 One aspect of the present invention relates to a process for the preparation of
polymorph 1 of 2'-{[2-(4-methoxy-phenyl)-acetylamino]-methyl}-biphenyl-2-carboxylic
acid (2-pyridin-3-yl-ethyl)-amide, the process comprising the steps of
(a) suspending 2'-{[2-(4-methoxy-phenyl)-acetylamino]-methyl}-biphenyl-2-carboxylic
acid (2-pyridin-3-yl-ethyl)-amide at about room temperature in a solvent selected

25 from the group consisting of methanol, ethanol, methanol/water, ethanol/water,
methyl acetate, ethyl acetate, butyl acetate, methyl ethyl ketone, tetrahydrofuran, 1,4-
dioxane, acetonitrile and methylene chloride to obtain a suspension;

(b) maintaining the suspension at about room temperature for a time period sufficient

to allow formation of polymorph 1 crystals, for example for about 1 day to about 50
30 days, such as for about 28 days;

(c) isolating the precipitate of polymorph 1;

or



acid (2-pyridin-3-yl-ethyl)-am de at about roomtenperature in a sol vent
sel ected fromthe group consisting of nethanol, ethanol, nethanol/water,

et hanol / wapean10/13Ri8Ry| acetate, ethyl acetate, butyl acetratrap2omiobyels et hyl
ket one, tetrahydrofuran, 1,4- dioxane, acetonitrile and nethylene chloride
to obtain a suspension; (b) naintaini Eﬂ t he suspension at about room
tenperature for a tine period sufficient to allow formation of polynorph 1
crystals, for exanple for about 1 day to about 50 days such as for about

28 days; (c) isolating the precipitate of poly ; (al) suspending
2" - { [ 24@)SHEReRSing Bhﬂaslﬂ)mQW@Kwp@ﬁﬁMﬁjaC@MWI@W@hé'&;ﬂlp@wﬁw?@*ﬁlcac| d
2- thyl t. t

el oot S ERhidE A AT R a8 30U rdop e PRI Bt e SBRAET L i
suspenfncmmihe(Qtijuprmunuannglofgethérmlmslpmbpanalttoa)kita:mesmpsmmf about 0 C

to about 45 referab about 15 C to about more preferably at
about 28) @a”ﬂ@ﬂ %\gttﬁ?rﬁu‘ik{eﬂsdﬂﬁ %Rﬁfqrﬁp%rﬁttur@cpf@h%'wg @rﬁ?a@ticgﬁ”féf Gol gm)rph 1
CUSSta ef(e 9§|y%apgt§ £9b HRYD52CdAorE Dr ?1%%{} S\é@aﬂﬁéﬂszo SGC?) %)Sturﬁér about

28 day I SO ing the precipitate o suspendi ng
2' {[Z-qemodmﬁmtgnt;jbaﬂymfoemehqm aﬁpcnlty]noml’n erystblspfwre)darmaleémmwt|1c aci d

(2-pyri -eth am de mtenperature in acetone to obtain
a suspéﬁ’éﬂ&?b% ng) d?éé(rl"n?l‘éﬁm"f’% rt gé§ﬁ%¥§1 on at a tenperature of about 15
Cto anwsdﬂg;}m@ thgrp@c,‘bmg{% dﬁfdl)ﬁrﬁo@h‘c}f icient to allow formation of

pol ymorph 1 crystals or exanple for ‘about 1 day to about 50 days, such as

for abouit 28 days; (c") isolating the precipitate of polynmorph 1; or (a'")
o L A PR B S A ey R WOy 2SR YTl SR e he AP
acid (2-pyridin-3-yl-ethyl)-amide at about room temperature in acetone to obtain a
suspension;
(b") maintaining the suspension at a temperature of about 15 °C to about 40 °C for a
time period sufficient to allow formation of polymorph 1 crystals, for example for
15 about 1 day to about 50 days, such as for about 28 days;
(c") isolating the precipitate of polymorph 1;
or
(a™) dissolving 2'-{[2-(4-methoxy-phenyl)-acetylamino]-methyl}-biphenyl-2-carboxylic
acid (2-pyridin-3-yl-ethyl)-amide in ethanol to obtain a solution, preferably with
20 heating to a temperature of about 60 °C to about 70 °C;
(b™) rapid cooling of the solution to a temperature of about 0 °C, preferably with
stirring;

(c™) isolating the precipitate of polymorph 1.

25 According to a preferred embodiment, the suspension may be seeded with

polymorph 1 crystals, preferably during step (b), (b'), (b") or (b™).

A further aspect of the present invention relates to a process for the preparation of
polymorph 2 of 2'-{[2-(4-methoxy-phenyl)-acetylamino]-methyl}-biphenyl-2-carboxylic
30 acid (2-pyridin-3-yl-ethyl)-amide, the process comprising the steps of



acid (2-pyridin-3-yl-ethyl)-am de in ethanol to obtain a solution,
preferably with heating to a tenperature of about 60 0C to about 70 0C;
(b"") rapwo20moni3pssg of the soI ution to a tenperature of palwmreo10/0£3273
preferably with stirring; (c'") isolating the precipitate of polynorph 1.
According to a preferred enbodl ment , ﬁ]ge suspensi on may be seeded with
pol ynorph 1 crystals, preferably dur| step (b), (bl), (b") or (b"'"). A
further aspect of the present i nvention relates to a process for the

preparatlon of pol ynorph 2 of

2' - {[ 2{@Usyananging éh{é%ﬁ Tneioexy Phenyl bRCatanynpl-meindhbiphenylas sasgaxvbic aci d
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2' {[Ze@épmmnxy phenyl ) -acet yl am no] - net hyl } - bi phenyl - 2-carboxylic acid

(2-pyridin-3-yl - % am de at about roomte era ure in chlgroformto
obt ai n (B) %WB@W&Q)WG USPERAIORt3{iaoNg AR (QTRE %”eo Rr 3tim® BEEIOF gyficient

t egper 4 Wigw!Bmaidd 8P %d.apatéwrfchereermtéa t{e%\fvf BB 91YoP Exdm
precipitate o or of orm sol vat e of conpoun or exanpl e

day t o fabatoutS0dalaicsabautcdd days, suclabaedor alﬂou:té%&day(sc) i sol ating the
pr eci pltate ég mai ntatﬂql ng the precipitate at a tenperature of about 20 C
to about) $8HEI e BFRIRKIG at about room tenperature or at a tenperature of
about @) ﬁa‘irﬂa%ﬂ@%el&@c@tafé)ét AtdrhpErabfel AGbout bbecabtadout abbow, f or mati on
of polynbrph 2, for exanple for about 1 day to 50 days, such as for about
28 dayPreferably at ehpel oot temperatomar @tpdeatneraturg of abew &l 1Giéo pboyhor ph 2;

o0 P20 Fedhon Ihsesing sulisept oy ORI RORRPD-2-RLPIRDIE " aci ¢
(2- pyr igthont 3-dely-tetslydaysaslele ab moﬁébwt@f&uapguﬂtr@otemgeratweluyﬁdm preferably

with heating to a tenperature of about 60
temperature;

out 1

(e) isolating polymorph 2;
or
15 (a') dissolving 2'-{[2-(4-methoxy-phenyl)-acetylamino]-methyl}-biphenyl-2-carboxylic
acid (2-pyridin-3-yl-ethyl)-amide in chloroform to obtain a solution, preferably with
heating to a temperature of about 60 °C;
(b") rapid cooling of the solution to a temperature of about 0 °C for a time period
sufficient to allow formation of a precipitate of chloroform solvate of compound I, for
20 example for about 1 hour, preferably with stirring;
(c') isolating the precipitate;
(d") maintaining the precipitate at a temperature of about 20 °C to about 100 °C,
preferably at about room temperature or at a temperature of about 60 °C to about
100 °C, for a time period sufficient to allow formation of polymorph 2, for example for
25 about 1 day to 50 days, such as for about 28 days if the temperature is room
temperature;

(e') isolating polymorph 2.

According to a preferred embodiment, the suspension or solution may be seeded

30 with chloroform solvate of compound |, preferably during step (b) or (b').



(bl) rapid cooling of the solution to a tenperature of about 0 C for a tine
period sufficient to allow formation of a precipitate of chloroformsol vate
of conpouwd 2b1o/M3e385exanpl e for about 1 hour, preferablypeirtEr2emiosT2rng; (cl)
i solating the precipitate; (dl) maintaining the precipitate at a
tenperature of about 20 C to about 102 C, preferably at about room
tenperature or at a tenperature of ab %t 60 C to about 100 C, for a tine
period sufficient to allow formation of polynorph 2, for exanple for about
1 day to 50 days, such as for about 28 days if the tenperature is room
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an el evated tenperature, for exan&) at about 55 C to about 65 C, a
reduce@xgrrmi%atepre@ur@imabom pibes $o abotit Zrmiesuando0cedling, ﬁ‘@f about 20

patl oo R RER e Perd Bl SRR, 5 B 3BT REo Bl BP Rt dorpleter” '
crystalgga ér@blpﬁé Jﬁ)n}mbr;ﬂb@@tyslalbowrr eka@mpo ttr aboliedtsur (6 hbbed at i ng
pol ynorph 3 . Depending on the crystallization conditions, in this process

pol ynoM9Wrs$ may be obtai ned together with another pol ym)rph, for exanple

pol ymr(@ﬂséjla%g ‘bo1yrﬁ8r‘bw§.i ng

15 Depending on the crystallization conditions, in this process polymorph 3 may be
obtained together with another polymorph, for example polymorph 1 or 4. According
to a preferred embodiment, the solution may be seeded with polymorph 3 crystals,

preferably during step (b).

20 A further aspect of the present invention relates to a process for the preparation of
polymorph 4 of 2'-{[2-(4-methoxy-phenyl)-acetylamino]-methyl}-biphenyl-2-carboxylic
acid (2-pyridin-3-yl-ethyl)-amide, the process comprising the steps of
(a) dissolving 2'-{[2-(4-methoxy-phenyl)-acetylamino]-methyl}-biphenyl- 2-carboxylic
acid (2-pyridin-3-yl-ethyl)-amide in a solvent selected from the group consisting of

25 acetone, butyl acetate and acetonitrile at a temperature of about 55 °C to about 70
°C, preferably about 55 °C to about 60 °C, more preferably at about 56 °C for
acetone, preferably about 60 °C to about 70 °C, more preferably at about 65 °C for
butyl acetate or acetonitrile, to obtain a solution;

(b) rapid cooling, for example over about 10 minutes or over about 30 minutes
30 depending on the batch size, of the solution to a temperature of about -5 °C to about

5 °C, and maintaining it at this temperature, for example at about 0 °C, for a time



to a preferred enbodi nent, the solution may be seeded with pol ynorph 3
crystals, preferably during step (b). A further aspect of the present

i nventi orwoebaiBesss0 a process for the preparation of pecympreqi/od7203

2' -{[ 2- (4- met hoxy- phenyl ) - acet yl am no] - net hyl } - bi phenyl - 2-carboxylic acid
(2-pyridin-3-yl-ethyl)-am de, the pr ogiss conprising the steps of (a)

di ssolving 2'-{[2-(4-nmnmethoxy-phenyl) et yl am no] - net hyl } - bi phenyl -
2-carboxylic acid (2-pyridin-3-yl-ethyl)-amde in a solvent selected from
the group consisting of acetone, butyl acetate and acetonitril e at a

t enper #elicd ssificie e ajgwdormationaf a PredpitatgralPelapphsbeiystass fot t o about

60 0OC, f I 0, OC for acetone, preferably about 60 Cto
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about nore pre t 65 C for butyl acetate or
acetonl(cyusbl@ilngQh@bt@mpiltaembotynm*rph(&) rapid cooling, for exanple over
about 10 m nutes or over about 30 m nutes depending on the batch size, of
the sol@tion to a tenperature of about -5 Cto about 5 C and naintaining

t t i
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(2- pyr ighoft ?oy’b Pléémau;ﬁal H501t6F° G f HRbaseedfardBenidtRand ethanherénd
consi sting of water/methanol, ethanol, acetone and acetonitrile at a

terrperﬁoetcmlfolfe dbobtaiss ©lytiprabout 70 C, preferably at about 65 Cin the
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the case of water/nethanol, ethanol acetonitrile, and/or slow cooling

to at M@HM@%fetaaagkarsi @cet@n%@u@nqler sloweeglwedpiateneparpiiie ofo C, for
a time a%%[l't gdcsl‘éfa{ﬂoﬂtq@ud, ?)referably to about 10 °C, for a time period sufficient to

allow formation of a precipitate of polymorph 4 crystals, for example about 10 hours
15 to 30 hours, such as about 20 hours;
(c') isolating the precipitate of polymorph 4;
or
(a") dissolving 2'-{[2-(4-methoxy-phenyl)-acetylamino]-methyl}-biphenyl-2-carboxylic
acid (2-pyridin-3-yl-ethyl)-amide in methanol to obtain a solution;
20 (b") adding diisopropyl! ether to the solution to form a precipitate of polymorph 4
crystals, for example at about room temperature with stirring;

(c") isolating the precipitate of polymorph 4.

According to a preferred embodiment, the solution may be seeded with polymorph 4

25 crystals, preferably during step (b), (b') or (b").

Alternatively, polymorph 4 can be prepared as described in WO 01/25189, US
6531495, US 2007/0043091 and WO 2007/124849.

30 A further aspect of the present invention relates to a process for the preparation of
chloroform solvate of 2'-{[2-(4-methoxy-phenyl)-acetylamino]-methyl}-biphenyl-2-

carboxylic acid (2-pyridin-3-yl-ethyl)-amide, the process comprising the steps of



allow formation of a precipitate of polynorph 4 crystals, for exanple about
10 hours to 30 hours, such as about 20 hours; (cl) isolating the

preci pi t ave 20fo/pedsgnor ph 4; or (a") dissolving PCT/EP2010/057273

2' -{[ 2- (4- met hoxy- phenyl ) - acet yl am no] - net hyl } - bi phenyl - 2-carboxylic acid
(2-pyridin-3-yl-ethyl)-amde in netha2g to obtain a solution; (b") adding
di i sopropyl ether to the solution to rma precipitate of polynDrph 4
crystals, for exanple at about roon1tenperature with stirring; (c")
isolating the precipitate of pol According to a preferred

4 .
enbodi t@hsuspanding? vif2-¢hmeihorep e@ﬂgace\hytaﬁmp@] -nedpyphbiphenyls?-grghoxylic

or cpar i S HEHBUERN TRt b aBout oot o FRlEs e e R T ha o
2007/ 124888nsiénf urt her aspect of the present invention relates to a process
for the reparatlon of chl orof arm sol vate of

- { [ 2Pk RIS BReTHAPENaS 3 BheUR BT MpFIatbiesRE Ayime Petiad BHTipiaNd aci d
(25y1 g lrrlcgm?awreabm{t@o@m&Sforﬁr@o%t%,crb?%x%ﬁrmé FSH dbut N ©Psb R 69)

suspendi
2' {[Zdaysnmdibagfqumwlt%aia@'sw am no] rret hyl } - bi phenyl - 2- carboxylic acid

(2- pyrldn%Fg et h % out mterrperatureln chloroformto
obt ai n (§) &9 éﬂgh%ﬁe @farpﬁﬁ?ﬁﬁ%ﬁr% %Uspenm on at about room
t enpergyure for a tinme period suff|C|ent to forma precipitate of

chl orof orm sol vate, for exanple for about 1 day to about 50 days, such as
for abda? diEsobine2-{{2)4ineethaxy-phenyid-apeitaminokimetay!}-binhengt-3roareonviat e; or

( di_s
ST | 5 R\ R e rY-2mide 1 SHORIPTRER AUI B SAILIRN PRI ¢ aci ¢
(2 pyr indiaing 1y la-tefiperatuperbtigbout aht©rof ormto obtain a solution, preferably
with heating to a tenperature of about 60 C
(b") rapid cooling of the solution to about 0 °C for a time period sufficient to form a
precipitate of chloroform solvate, for example for about 1 hour, preferably with
stirring;

15 (c') isolating the precipitate of chloroform solvate.

According to a preferred embodiment, the suspension or solution may be seeded

with chloroform solvate of compound I, preferably during step (b) or (b").

20 A further aspect of the present invention relates to a process for the preparation of
1,2-dichlorobenzene solvate of 2'-{[2-(4-methoxy-phenyl)-acetylamino]-methyl}-
biphenyl-2-carboxylic acid (2-pyridin-3-yl-ethyl)-amide, the process comprising the
steps of
(a) suspending 2'-{[2-(4-methoxy-phenyl)-acetylamino]-methyl}-biphenyl-2-carboxylic

25 acid (2-pyridin-3-yl-ethyl)-amide at about room temperature in 1,2-dichlorobenzene to
obtain a suspension;

(b) maintaining the suspension at about room temperature for a time period sufficient
to allow formation of 1,2-dichlorobenzene solvate, for example for about 1 day to
about 50 days, such as for about 28 days;

30 (c) isolating the precipitate of 1,2-dichlorobenzene solvate.



(bl) rapid cooling of the solution to about 0 C for a tinme period
sufficient to forma precipitate of chloroformsolvate, for exanple for
about 1 hworpiopsesssrably with stirring; (cl) isolating troe/mr@oiopiztat e of
chl orof orm sol vate. According to a preferred enbodi nent, the suspension or
solution may be seeded with chloroforg,sol vate of conpound |, preferably
during step (b) or (bl) . A further ag%ect of the present invention relates
to a process for the preparation of 1,2-dichl orobenzene sol vat e of

[ 2- (4- et hoxy- phenyl acetyl am noj - rret hyl } - henyl - 2- car boxylic acid
(2 pyr iAficArding to atrigfertaghembodinten pﬁh@meaa@ﬁrm@y Bg selededips1.8f ~ (a)

> Lo Ydorappnzens relvats ofeomosund h 8reeratly RS SIBM): 2- car boxyl i ¢ aci d

(2-pyridin-3-yl-ethyl)-am de at about roomterrperature in

1, 2- dlchlorobenzene to obtain a suspension; (b) maintajning the suspen5|on
at abott YrhsmeseRper ghg,péeqq;}t ”hVeﬂt'F?E rg@,tq-sO@ %quqeéﬁéﬂrt thePraPp@iCN G nat i on

of 51, 2'tSII'u !a%B &6 > tﬁox;ﬁ hef L&1dfiho Ff%l'ltnyl}lb 2about 50
Rafe 8P aRI2 0L Fikon BheRiapEs dinoR oo

days, suc e precl e of
1, 2-di cdartmmberazxmé pyai&m%yl%&ibxdbﬂm@ettbea)rpc@semreplrmn@dmb gteps,oft he

hl or ob. t f d I,
oy oFor TP 5 Rep 26w iooPend ) SChSLRRRF T UL S RBRUR
rel at egdd(a ﬁr" d?ﬁ%iﬁl étﬁwlafﬂr‘ﬂdéra‘?ﬁ%éi todin féméé’r‘aﬁﬁ‘@ﬁn whéﬁé?o 8btain a
2'-{[2-(4- rre oxy- pheny acetyl am no] - met hyl } - bi phenyl - 2- carboxylic acid

(2 pyr istispession; et hyl ) - ami de, the process conpri sing the steps of (a)

e dhthefra e AR AR e L T ¢ AP BE phe PRLRS EMlsisnt, u

in tol ugrtoldoahatdriobtoRleessiVaLe; for lekariyld fati aboug 1tdy tousRRINS0D@AY8] about
roomtenperature for_a tinme peri od sufficient to allow formation of toluene

sol vat such@s fexaheue2d daysibout 1 day to about 50 days,
(c) isolating the precipitate of toluene solvate.

15 According to a preferred embodiment, the suspension may be seeded with toluene

solvate of compound |, preferably during step (b).
Description of the Figures

20 Figure 1 - X-ray powder diffraction pattern of polymorph 1 of compound |, measured
in transmission mode with CuKy4 radiation at room temperature (x-axis: diffraction

angle 2theta (28) [°]; y-axis: relative intensity [% of the highest reflection])

Figure 2 - X-ray powder diffraction pattern of polymorph 2 of compound I, measured
25 in transmission mode with CuKy4 radiation at room temperature (x-axis: diffraction

angle 2theta (28) [°]; y-axis: relative intensity [% of the highest reflection])

Figure 3 - X-ray powder diffraction pattern of polymorph 3 of compound I, measured
in transmission mode with CuKy4 radiation at room temperature (x-axis: diffraction

30 angle 2theta (28) [°]; y-axis: relative intensity [% of the highest reflection])



such as for about 28 days; (c) isolating the precipitate of toluene

sol vate. According to a preferred enbodi nent, the suspension nmay be seeded
wi th tol woeosnizyssse of conpound |, preferably during step/rpb)1o/0PR3Tri ption
of the Figures Figure 1 - X-ray powder diffraction pattern of polynorph 1
of conmpound I, neasured in transm ssigﬁn node with CuKai radiation at room
tenperature (x-axis: diffraction angle 2theta (2Q []; y-axis: relative
intensity [% of the highest reflection]) Figure 2 - X-ray powder
diffraction pattern of polynorph 2 of conpound |, neasured in transni ssion
node wiFtigur aX-rﬁamoa\tdaﬁm%ﬁcm%ﬁaﬁ@r@a@‘rm&lm@rm‘l akrempalné | goepsedngl e
2t het a . i Vs AXIS A, t i RN 7} i : .ection])
Fi gure"glgr-g)1 %}Esésﬁlgnpﬁ%vé\)ggaté?#@rHgﬁfqééﬁﬁ"g%@t@r%&}gfﬁ%g@'%%‘%}?rgﬁrgéﬂhﬁgund I,

measur ethgien2thetan §26)9%1 praxigodelativé mt&sidyi [% aflirat highesttreflectiori enper at ur e
(x-axis: diffraction angle 2theta (2Q []; y-axis: relative intensity [ % of
the highest reflection])Figure 4 - X-ray powder diffraction pattern of

PO IO O xR daBioY bideibf B SoRgBr Eofpol i | g (1.

t enper at W th adi ation (x-axis raction angl
y- axi s:meaduged retransmrssiarympteofitht GaKhi Gideationr &froeot ieomjgrattirg x-a@xs: - X-r ay

e g AT AT oK APl APPSR fendiiRly =
diffraction angle 2theta (2Q []; y-axis: relative intensity [% of the

hi ghest_reflection]) Figure 6 - X-ray powder diffraction pattern of toluene
sol vat d&igdredbmioa dowdarsif§acten pattempidauscsesolvaieof pmpoanddi radi ati on

r e PRETIRERE HoRpoiksi Mook L EER-CRBR G YO8 Byt i Louder
di f f r acfiffrestipebhgler2thétal(28) (H opbriso Reahenaterdity d%eofthe ¢yt nefldctionpasur ed
in transm ssion node with CuKai radiation at roomtenperature (x-axls:

diffraction angle 2theta (2Q []; y-axis: relative intensity [%of the
hi gheStFiétﬂ*fe"le-CS('-r%Q]aowder diffraction pattern of 1,2-dichlorobenzene solvate of

compound |, measured in transmission mode with CuK,4 radiation at room
15 temperature (x-axis: diffraction angle 2theta (20) [°]; y-axis: relative intensity [% of the

highest reflection])

Figure 8 - FT Raman spectrum of polymorph 1 of compound I in the wave number
range from 3500 to 200 cm™ (x-axis: wave number [cm']; y-axis: intensity [arbitrary
20 units]).

Figure 9 - FT Raman spectrum of polymorph 2 of compound | in the wave number
range from 3500 to 200 cm™ (x-axis: wave number [cm']; y-axis: intensity [arbitrary
units]).

25
Figure 10 - FT Raman spectrum of polymorph 3 of compound | in the wave number
range from 3500 to 200 cm™ (x-axis: wave number [cm']; y-axis: intensity [arbitrary

units]).

30 Figure 11 - FT Raman spectrum of polymorph 4 of compound | in the wave number
range from 3500 to 200 cm™ (x-axis: wave number [cm']; y-axis: intensity [arbitrary

units]).



Figure 8 - FT Raman spectrum of polynorph 1 of conpound | in the wave
nunber range from 3500 to 200 cm 1 (x-axis: wave nunber [cm 1] ; y-axis:

i nt ensi t ywpaotwispssy units]). Figure 9 - FT Ranman spect pomerkoposipenor ph 2
of conmpound | in the wave nunber range from 3500 to 200 cm 1 (x-axis: wave
nunber [cm 1] ; y-axis: intensity [arE%trary units]). Figure 10 - FT Raman
spectrum of pol ynorph 3 of conpound |1°Tn the wave nunber range from 3500 to
200 cm 1 (x-axis: wave nunber [cm 1] ; y-axis: intensity [arbitrary
units]). Figure 11 - FT Raman spectrum of pol ynmorph 4 of conpound | in the
wave nunber range from 3500 to 200 cm 1 (x-axis: wave nunber [cm 1]

Dot ymor W B EY Shah SpeEKuH O B compoli FRIRRBERTROSERE o 1

(x- axi sang@frermda®@to P8O0 tin™, (xyaraxiwave nteber fom| jaykixis: antgnsity fssbitrarfi gur e
13 - FT Rajman spectrum of pol ynorph 2 of conmpound | in the wave nunber
range 4¥&)3200 to 2800 cm 1 (x-axis: wave nunber [cm 1] ; y-axis:
inensity [arbitrary units]). Figure 14 - FT Raman spectrum of pol ynorph 3
of conmpound | in the wave nunber range from 3200 to 2800 cm 1 (x-axis: wave
nunber Higunel]3 : Fy-Raman spacteursiafypdyandiphr2of,campogihd | infihguwavel BumbET Ranman

t f I h f dl int . nber. ge . from 3200 t
356 mSd 782 208 Bl loqbb e tegd Ryt LR, DURRS o SRRRE bR
uni t s] )unitg]')gure 16 - FT Raman spectrum of polynorph 1 of conmpound | in the

wave nunber range from 1700 to 200 cm 1 (x-axis: wave nunber [cm 1] ;
y-axis: intensity [arbitrary units]).

10 Figure 14 - FT Raman spectrum of polymorph 3 of compound | in the wave number
range from 3200 to 2800 cm™ (x-axis: wave number [cm']; y-axis: intensity [arbitrary

units]).

Figure 15 - FT Raman spectrum of polymorph 4 of compound | in the wave number
15 range from 3200 to 2800 cm™ (x-axis: wave number [cm']; y-axis: intensity [arbitrary

units]).

Figure 16 - FT Raman spectrum of polymorph 1 of compound | in the wave number
range from 1700 to 200 cm™ (x-axis: wave number [cm']; y-axis: intensity [arbitrary
20 units]).

Figure 17 - FT Raman spectrum of polymorph 2 of compound | in the wave number
range from 1700 to 200 cm™ (x-axis: wave number [cm’']; y-axis: intensity [arbitrary
units]).

25
Figure 18 - FT Raman spectrum of polymorph 3 of compound | in the wave number
range from 1700 to 200 cm™ (x-axis: wave number [cm’']; y-axis: intensity [arbitrary

units]).

30 Figure 19 - FT Raman spectrum of polymorph 4 of compound | in the wave number
range from 1700 to 200 cm™ (x-axis: wave number [cm’']; y-axis: intensity [arbitrary

units]).



Figure 17 - FT Raman spectrum of polynorph 2 of compound | in the wave
nunber range from 1700 to 200 cm 1 (x-axis: wave nunber [cm 1] ; y-axis:

i nt ensi t ywpaotwispssy units]). Figure 18 - FT Raman spectcumpediopsizysor ph 3
of conmpound | in the wave nunber range from 1700 to 200 cm 1 (x-axis: wave
nunber [cm 1] ; y-axis: intensity [arE{strary units]). Figure 19 - FT Raman
spectrum of pol ynorph 4 of conpound |1°Fn the wave nunber range from 1700 to
200 cm 1 (x-axis: wave nunber [cm 1] ; y-axis: intensity [arbitrary

uni ts]). Exanpl es

2' -{[ 2- (4- Met hoxy- phenyl ) - acet yl am no] - net hyl } - bi phenyl - 2-carboxylic acid
(2- pyril-__qjapﬁpl éyl -ethyl)-amde is abbreviated as "conpound |I". Fornmation of
t he pol'ynorphs and sol vates according to the invention The foll ow ng
exanples illustrate the formation of the pol ynorphs and sol vates of the
present_invention by way of exa t hods for the preparation of crud

B ou i (B GaVERO S T ARt BT B BY rSarE by 2 PTG e PYERIN . ar ¢
1 &m V8. D140 e WS B5EA08 30080824049, for example. Drying a
reauce res at

re was carried out pressure of about 0.2 bar. Formation
of polymorph 1 (a) 1.003 g of conpound | were dissolved in 1.86 m of
ethanol_at 65 C_.The tenperature of .the solutioq was reduced fast to 0 C
with S TRIBNST the PRIVHPIY pRT SRS 4°4RiEINgdP E?i‘r}"ﬁ”ﬁaf‘ the precipitate
was isolated via vacuumfiltration and dried overnight at reduced pressure

at roomten*ﬁerature. (b) 45 g of conpound | (polynmorph 4) were suspended in
35 ni dthecohawing, exseerled illvstrateathenfermation of theopolpmoyphs ahd solyatessefithe ed

ovier ni t..room t ratur e i LS [ uum filtration

O e eadl mikitohtihvaf of E&oel® Mabbtl B30t Pl Blint o kB Vi e 0! 40"

of pur eopfoumerids the starting material are known to the person skilled in art from WO
01/25189, US 6531495 and WO 2007/124849, for example. Drying at reduced

pressure was carried out at a pressure of about 0.2 bar.

15 Formation of polymorph 1
(a) 1.003 g of compound | were dissolved in 1.86 ml of ethanol at 65 °C. The
temperature of the solution was reduced fast to 0 °C with continuous stirring. After
about 1 hour of stirring, the precipitate was isolated via vacuum filtration and dried
overnight at reduced pressure at room temperature.

20 (b) 45 g of compound | (polymorph 4) were suspended in 35 ml of ethanol, seeded
with a small amount of polymorph 1 and stirred overnight at room temperature. The
solid was isolated via vacuum filtration the next day and dried at reduced pressure at
room temperature. Yield: 40 g of pure polymorph 1.

(c) 0.213 g of compound | (polymorph 4) were suspended in 0.6 ml of isopropanol,

25 seeded with a small amount of polymorph 1 and stirred for 4 weeks in a closed
vessel at room temperature. The solid was isolated via vacuum filtration and dried at

reduced pressure at room temperature.

Formation of polymorph 2
30 (a) 1.003 g of compound | were dissolved in 0.94 ml of chloroform at the boiling

temperature. The temperature of the solution was reduced fast to 0 °C with



(c) 0.213 g of compound I (polynorph 4) were suspended in 0.6 m of

| sopropanol, seeded with a small anount of polynorph 1 and stirred for 4
weeks i n wochogesssessel at room tenperature. The sol i dpreaspresoloaizesl vi a
vacuum filtration and dried at reduced pressure at roomtenperature.
Formation of polynmorph 2 (a) 1.003 g ?g conmpound | were dissolved in 0.94
m of chloroformat the boiling tenperature. The tenperature of the

sol ution was reduced fast to 0 C w thcontinuous stirring. The precipitate
was isolated via vacuumfiltration and dried overnight at reduced pressure
at r ooPoNERpRYssiTieg. The Peapiatg vwis iselirdiMa Yacuyel %H‘@F“p‘h anyl difede suspended

in O. 50n1err%ht%llr858%8& B}eas%gresﬁ‘ trd'o?‘r(Ftérﬂ;")er%tm%eks in a closed vessel at room

t enper ature vVia vacuum filtration and dried at

r educec(prQ@th of @dmpowum { q:nbﬁ'natphfe) wE@Mple@udedﬁn PA miof phiofofdfd .andg of a
yel | owi sh saol uti on of crude co%rpm]md | obtained fr mth Iast sl)'ént hesi s
step wedmedieemiveakedn arlasedyesse! almen ferppeRiurg. 18 idmpsdseletehvie and a

pressu r\]/gncﬁumlﬁﬁaﬂ 4Rd gﬁg& dt Pedl ey H%%sﬁregat%oﬁht\eé% U P8, suspensi on.

Compou cr yst I ze uring concentration uspensi on, which was
easy to stir, was stirred at roomtenperature for 30 mnutes and then
cooled to a te ture § 0 Cto 2 Cand stirred for another 2.5 hours.
Conpou d‘.)rma\wag érl’cérﬂh f with suction, washed twice with butyl acetate

havi ng 4@4"?@1&#%&}&%%&1‘ sSlufioPBf E#‘L@Jesédﬁﬁ;b&ﬂwd‘ 6t§tﬁfned6\‘ﬂ51n‘1|ﬁé ‘Péjs.tfsgﬁth%glshour S

I n a vacuum cabinet drier at 40 C wth nitrogen overl ayi ng
whi t e, siep wastonseniratedyin @rrptaryieviaperaior atda m@er@mraqu@@ \ﬂhald aconS| st ed

pr,edom f F t o
DRI o B HOHBR B 128% b BBy RBEPS Ebefon! B o
at 65 Grysaanlzédeuany ‘t@ﬁéemloﬁvah@rs@fsgdnélbﬁnwhhﬁ waseasersetr, dhs@frredwi th
continuous stirrin 0.21 8 g of conpound | were dissolved in 6.3 m of
but yI @éé@qpéempeéu® for 30 minutes and then cooled to a temperature of 0 °C to 2 °C

and stirred for another 2.5 hours. Compound | was filtered off with suction, washed

twice with butyl acetate having a temperature of 5 °C on the suction filter, and dried

15 for 20 hours in a vacuum cabinet drier at 40 °C with nitrogen overlaying. 21.2 g of a
white, voluminous finely crystalline solid were obtained which consisted

predominantly of polymorph 3 with parts of polymorph 4.

Formation of polymorph 4
20 (a) 0.207 g of compound | were dissolved in 0.4 ml of ethanol at 65 °C, and the
solvent was evaporated from the open vessel at 65 °C with continuous stirring.
(b) 0.218 g of compound | were dissolved in 6.3 ml of butyl acetate at 65 °C.
Subsequently, the vessel bearing the solution was brought to an environment having
0 °C, with the solution being continuously stirred. After 1 hour, the precipitate was
25 isolated via vacuum filtration and dried overnight at reduced pressure, at room
temperature.
(c) 0.223 g of compound | were dissolved in 0.5 ml of acetone at about 56 °C. The
temperature of the solution was reduced slowly to 10 °C within 20 hours with
continuous stirring. The precipitate was isolated via vacuum filtration and dried
30 overnight at reduced pressure at room temperature.
(d) 0.231 g of compound | were dissolved in 0.4 ml of acetonitrile at about 65 °C. The

vessel bearing the solution was brought fast to an environment having 0 °C. The



Subsequently, the vessel bearing the solution was brought to an environnent
having 0 C, with the solution being continuously stirred. After 1 hour, the
preci pit ave 2omp130mel at ed via vacuum filtration and dri edcomreoioghi27at
reduced pressure, at roomtenperature. (c) 0.223 g of conpound | were
dissolved in 0.5 m of acetone at ab\a? 56 C. The tenperature of the

sol ution was reduced slowy to 10 C hin 20 hours wi th continuous
stirring. The precipitate was isolated via vacuumfiltration and dried
overni ght at reduced pressure at roomtenperature. (d) 0.231 g of conpound
| wer e S@lWiop wasistined for agoubf! hausiundl ervsiadizationterlt PeSe CThaRecqRiG 6|

bear i . i ¢ A :
Thesol tiooRted Vet BiraldT abtled verioRft FPIBER bR D 1 ace.
The pr eempetatte.was i sol ated via vacuumfiltration and dried overnight at

reduced pressure at roomtenperature. (e) 0.21 3 g of ¢ ound | _were

di ssol & 0i2H%(9. af %mBQU%LWSF%dk%O%(ﬁQdé %é_Bn'lt‘.Of ?ﬁ%toﬂéﬁélgggbﬁﬁsi F{ng‘ﬁe

solgut i oAt ! j ; | Htl on was
T e O o o B B e R e O ol
was i seoattied wasastiraed fonabdut fdtauwnindiharydtalledtion dook glaceal he pdempitbtpr essur e

at roomte rature. (f 21 5 of. conpound, | . were dissolved,in 0.4 m of
et ontas PBES Yeginctil Birafg o Hrisr i arach: ot HeluBef areoiredtduBuced t o
10 C witthberaAQrdrours with continuous stirring. The precipitate was isolated
via vacuum filtration and dried overnight at reduced pressure at room

t enper 41)1-215 gaf warmpoungf| vigre-dissoived tb@hzehef anstanitrite et aboutsoiCcbmpound |

SOl T g Rs el o RGeS Bl L w2 E HBRIV T ECRGIuqE, weeks.
The solstighiry. a$eniretipithitewas satatet o Wasuurs diltaitim anddNes ousnigHttatat i on and

dried at reduced pressure at roomtenperature.
reduced pressure at room temperature.

Formation of 1,2-dichlorobenzene solvate

15 0.220 g of compound | (polymorph 4) were suspended in 0.6 ml of 1,2-
dichlorobenzene. The solution was stirred in a closed vessel at room temperature for
four weeks. The solid present in the suspension was isolated via vacuum filtration

and dried at reduced pressure at room temperature.

20 Formation of chloroform solvate
(a) 1.003 g of compound | (polymorph 4) were dissolved in 0.94 ml of chloroform at
the boiling temperature and cooled down fast to 0 °C with continuous stirring. The
precipitate present in the suspension after crystallization consisted of the chloroform
solvate.

25 (b) 0.202 g of compound | (polymorph 4) were suspended in 0.5 ml of chloroform.
The suspension was stirred at room temperature for 4 weeks. The solid present in

the suspension consisted of the chloroform solvate.

Formation of toluene solvate
30 0.206 g of compound | (polymorph 4) were suspended in 1.20 ml of toluene. The

suspension was stirred at room temperature for 4 weeks. The solid present in the



Formation of chloroformsolvate (a) 1.003 g of conpound | (polynorph 4)
were dissolved in 0.94 m of chloroformat the boiling tenperature and
cool ed dowo 20e8139388 O C with continuous stirring. The pretigrei@ins72ps esent
in the suspension after crystallization consisted of the chloroform
solvate. (b) 0.202 g of conpound I (p%yrmrph 4) were suspended in 0.5 nm
of chloroform The suspension was stifred at roomtenperature for 4 weeks.
The solid present in the suspension consisted of the chloroformsolvate.
Formati on of toluene solvate 0.206 g of conpound | (polynorph 4) were
suspen@e@Pensien y@snsolgted wau@wumrwgagm pef siried avesnight atreduged r oom

t enper L4 solid present in thesuspension was isol ated
Vi a vag)tlﬂgénﬁq*rlgl trr%cfﬁﬁgﬁﬁ] r?(rja-ligfel'ed overni ght at reduced pressure at room

tenperature. Anal ytical Methods and operation conditions X-ray powder
diffraction (XRPD) Al X-ray powder diffraction was perforned with Stoe
St adi - Iﬂﬁaﬁﬂ%hw?é%@? and ppe@tignapAdionsi ng cukai radi ati on. For room
temperature powder diffraction, linear position sensitive detectors were
used, while for tenperature-resolved XRPD i mage pl ate position sensitive
det ect of-gay powSDdijfrastios (X8ED) Unl ess stated ot herwi se, X-ray powder

di ff ti f d at t at b & I .
i nvest Putaey PRWEEF Pt adianies PRBRTIRG MESSl0r BRE PRSP Y nvest  gated in
quart 2 drefoniaRid bahh SuK.ThEdIERSS oAt RiRiran Y pouaiceditmtagid. ot ted wi th

the Sof tware W nXPOW\ 1 . The observed X-ray powder diffractograns of
phases lingappogtiemgensitive detacters weredrsetiowhile dontemperaivirersesolved and

1,.2-di chl.orobenzene. sol v 0 0 ' ' lgures 1 to 7 .
T8 2oieRERe it 1o e EEPPE R RRS efl DR el o
char actotfi¢ralises, X-edy powdendiffediopesd peddrmadddroomh esraparatine. Dey 8ampres
intensity of a reflection is designated as "strong"” if it is nore than
were investigated in a flat preparation whereas suspensions were investigated in
quartz glass capillaries. The measured data were evaluated and plotted with the
Software WinXPOW V1.1. The observed X-ray powder diffractograms of phases 1, 2,
15 3 and 4 as well as chloroform solvate, toluene solvate and 1,2-dichlorobenzene
solvate of compound | are displayed in Figures 1 to 7. The 26 (2theta) angles in °
(degree) and the relative intensities of characteristic reflections are specified above,
wherein the relative intensity of a reflection is designated as "strong" if it is more than
75 % of the intensity of the most intense reflection or it is the most intense reflection
20 itself, and as "medium"” if it is between 20 % and 75 % of the intensity of the most

intense reflection.

Temperature-resolved X-ray powder diffractograms showed that phases 1, 2, 3 and 4
of compound | melted without preceding solid-solid transitions.
25
Differential scanning calorimetry (DSC)
All DSC measurements were performed with a Mettler DSC822e (module
DSC822e/700/109/414935/0025). If not indicated differently, 40 ul Al crucibles with
sealed lid and hole were used. All measurements were carried out in a nitrogen gas
30 flow of 50 mL/minute. The heating rate was 10 °C/minute unless indicated otherwise.
Temperature and heat flow were calibrated via the melting peak of an indium

reference. The measured data were evaluated with the software STARe V6.1.



75 % of the intensity of the nost intense reflection or it is the nost
intense reflection itself, and as "mediunt if it is between 20 % and 75 %
of the i nvensinnywss the nost intense reflection. Tenper acume0iesdoizved X-ray
powder diffractogranms showed that phases 1, 2, 3 and 4 of conpound | nelted
wi t hout preceding solid-solid transi t'§8ns. Differential scanning
calorinetry (DSC) Al DSC neasurenents were perforned with a Mettler
DSC822e (nodul e DSC822e/ 700/ 1 09/ 41 4935/0025). If not indicated
differently, 40 ml Al crucibles with sealed |lid and hole were used. All
measurenents were carried out in a nitrogen gas flow of 50 nL/m nute. The
heatin ; ] le i ndj i T e and
neat 1 N SEIE 3L o Bl AhoiH3, % 3,41 £ 81 CemBLAY MBSl SRREA s "
measur eldeid adeitinvgewithewtabresédidgwolit-solié tsokitioas avasTébeerviéd . IThedollbeatg ng of

all four polynprphs 1, 2, 3 and 4 of conpound | in DSC experjnents, their
el 1 ngnelDhBeth Mese deismiod By B6riieo SRR POMIASRAS) GoSanEl Wiy

f olg ow nel.ti ¢ r feg,% i [WoTcn l.es of phases 1, 2,
3 a5nd ﬂé\%tlt r%ﬂe@&ﬁ?n@gﬁrﬁﬂ‘% tgféjl %ﬂﬁgtayyg@@é ;rrem%l)e gt&hr?'e above the
melting point. Melting point onset Melting point peak Phase 1 115.5 0C
117.7 OC Phase 2 117. Olf 119.Q 0C Phas %{51%21”7 0C 124.9 0C Phase 4 118.2
0C 120.6 OC Dynanic ijJS NG BT BYe© DV§§Ie FQIREPEE bt i on/ desor pt i on

i sot herppygeer e recorded o158 °BVS-1 from Synfagce Measur enment Systens. Two
cycles were run at 25 0C, in which the relative humdity was stepw se

i ncr ead¥sgrdl subsequent117.d€€r eased agai A1280°G he wei ght the sanpl e was

ureg. data were uated with th sware DVSWn V. 2.15. Wth
g‘jﬁl eﬁ@fs-‘g%ase 1, 2, B%ﬂz ?of corrpoungzlﬁ%{ hcgafol | owi ng water uptake (in
Phase 4 118.2 °C 120.6 °C

Dynamic vapor sorption (DVS)
Moisture sorption/desorption isotherms were recorded on a DVS-1 from Surface

15 Measurement Systems. Two cycles were run at 25 °C, in which the relative humidity
was stepwise increased and subsequently decreased again and the weight the
sample was measured. The data were evaluated with the software DVSWin V. 2.15.
With samples of phase 1, 2, 3 and 4 of compound | the following water uptake (in

mass percent) as a function of the relative humidity was determined.

20
Relative humidity Phase1 Phase2 Phase3 Phase4
20% 0.00% 0.04% 0.02% 0.05%
40% 0.01% 0.05% 0.03% 0.02%
25 60% 0.01% 0.09% 0.06% 0.15%
80% 1.36% 1.79% 0.30% 1.80%

Raman spectroscopy

Raman spectra were recorded with an FT-Raman spectrometer (RFS100/S, Bruker)
30 equipped with a 1.5W NIR-Laser (Nd:YAG; A=1064 nm) and a nitrogen-cooled

D418-T NIR-Detector. The spectra were evaluated and plotted with the software

OPUS V. 4.2. The observed Raman spectra of phases 1, 2, 3 and 4 of compound |



mass percent) as a function of the relative humdity was determ ned.

Rel ative humdity Phase 1 Phase 2 Phase 3 Phase 20% 0. 00% 0. 04% 0. 02% 0. 05%
40% 0. 01 WoQo5593503% 0. 02% 60% 0. 01 % 0. 09% 0. 06% 0. 1PeTAP2610/0889 1. 79%
0.30% 1. 80% Ranan spectroscopy Raman spectra were recorded with an FT- Raman
spectronmeter (RFS100/S, Bruker) equi pg?d with a 1.5WN R-Laser (Nd: YAG |=
1064 nnm) and a nitrogen-cooled D41 8-T N R-Detector. The spectra were

eval uated and plotted with the software OPUS V. 4.2. The observed Raman
spectra of phases 1, 2, 3 and 4 of conpound lare displayed in Figures 8 to
19 . Tree gisplayashipdriguies & 19.oFhewave oueiess it cRarrircheratiaristicRamapeci f i ed
above. s@r?’a‘fég}e §%é -édJéggvThe crystal structures of phases 1, 3 and 4 of
conmpoun were ‘determ nede'by X-ray single crystal structure anal ysis.
Single crystal X-ray diffraction data were collected at roomtenperature on
a Bruker/AXS three circle diffractoneter, equipped with a SMART APEX area
det ect &TySBhardCHERS bdenum Ka rot ati ng anode generator, operated at 50
KVI5120 178 39StaRdirUstiRel &icoithdes e I 813 P boflpey i T WETB deTiARfed by30rs
crystallize’ in the nonoclinic space group P2i/c with one nolecufe 1 the
asymetsingle gnistal sthictwepinatysist Singlstaydtalzésay diffrhetian datai were aflectedgatoup

P-1 with al | i tri. it., Th it | of ph 3
was deroo REOPESUTR aBApRusares HESEEEL difstiatef foaibhda Wi o
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Table 1. Table 1. Unit cell paraneters of polynorphs 1, 3 and 4 of

conpourpperated s ©01k\Y 120 mAcapdtagiusiod te mfimerfocus af Brvo B aem? rPlasasnbentini ¢
t r1i0CI i ry grystallize in the monoclinic space group P24/c with one molecule in the asymmetric
unit, while phase 4 crystallizes in the triclinic space group P-1 with also one molecule
in the asymmetric unit. The unit cell of phase 3 was determined by indexation of the
X-ray powder diffraction pattern (measured at room temperature). The data of the

unit cells are given in Table 1.

15

Table 1. Unit cell parameters of polymorphs 1, 2, 3 and 4 of compound |
Phase 1 2 3 4
Crystal system | monoclinic monoclinic monoclinic triclinic
Space group P2i/c P2i/c P-1
z 4 4 4 2
a [A] 11.31 £ 0.01 8.75 1+ 0.01 8.81 £ 0.01 8.38 + 0.01
b [A] 8.44 £ 0.01 27.96+0.01 |1524+0.01 |11.15+£0.01
c [A] 26.86 £ 0.01 11.09+0.01 |20.11+£0.01 |13.97 £0.01
a[°] 90.00 90.00 90.00 79.40 £ 0.01
B[] 101.80£0.01 |102.26 £ 0.01 | 102.22 + 0.01 | 85.19 + 0.01
v [°] 90.00 90.00 90.00 86.55 + 0.01
VA% (1) 2510.5 2651.2 2637.7 1277 .1
p [Mgm™] (1) 1.269 1.208 1.247

(1) calculated

Maturation experiments



Space group P2i/c P2i/c P-1 Z4 442 a[A 11.31 0.01 8.75 0.01 8.81
0.01 8.38 0.01 b [A] 844 0.01 27.96 0.01 15.24 0.01 11.15 0.01 c [A
26.86 0.Wb 2010/89850. 01 20.1 1 0.01 13.97 0.01 s [] 9ecoEPI©0087299. 00
79.40 0.01 b [] 10 1.80 0.01 102.26 0.01 102.22 0.01 85.1 9 0.01 g []
90. 00 90.00 90.00 86.55 0.01 V [A3] é 1) 251 0.5 2651 .2 2637.7 1277.1 p
[Mm 3] (1) 1.269 1.208 1.247 ( 1) %al cul ated Maturation experi nment sBy
mat urati on experinments (slurry conversion) in the tenperature region fromOoO
Cto 80 Cthe relative stability of the pol m)rphs of conpound | _was

i nvest iByatatHratiem axa@rlmﬁnwﬁw%@m@r%@wp dhedgmperaiuiserepinmiamubidertot he

spect { gt Al RIaBI8 81108 ol B AR or koMbl g ols ppbyimighs 1 and 4 -

(a) The phase m x &t ha
suspension for two days at 60 C, the solid was quickly isolated by vacuum

f||trat|on b) The, phase m xture was suspended in buty] acetate. After
StII’I’I ( ) @ﬁ) S %)rtot%wﬁé‘flgeéfp"é énd?hﬁ‘es%ﬂei%i"%%o N, y

| sgf at %@ar*ax Y@wamm.&mb@ﬁol biorotbe. plppe m xture vas suspended i1

1-pentanol . After stirring the sus ensi or four hours at 80 C, the solid
was qU|ckIy | sol at ed by vacuum filtration. (d) The phase m xture was
suspen

ed_i oct an After stirring,the sion for four urs at 80
& Fhe 85ThE PRESS HiNERs yassSiRBRECt T ety o S Gt oie SUSPANFORPLY at f on
exper i ARBidaysat 600°C, dhe 5BRd fR)si fiididdisorited %Way:uhﬁaﬂﬁfa%rﬁred to phase 1.
Mat ur ati on ex eriments (e) to (p) were performed by stirring the suspension
under (b) The phase mixture was suspended in butyl acetate. After stirring the suspension
10 for two days at 60 °C, the solid was quickly isolated by vacuum filtration.
(c) The phase mixture was suspended in 1-pentanol. After stirring the suspension for
four hours at 80 °C, the solid was quickly isolated by vacuum filtration.
(d) The phase mixture was suspended in 1-octanol. After stirring the suspension for
four hours at 80 °C, the solid was quickly isolated by vacuum filtration.
15
In all maturation experiments (a) to (d) the solid had completely transformed to phase

1.

Maturation experiments (e) to (p) were performed by stirring the suspension under
20 the specified conditions and isolating the solid by vacuum filtration, starting from

polymorph 4.

(e) Maturation of 0.208 g of compound | in 1.3 ml of water/methanol (1:1) was

performed at room temperature for four weeks. After 7 days the sample was seeded
25 with a small amount of polymorph 1 and polymorph 2.

(f) Maturation of 0.209 g of compound I in 1.0 ml of water/ethanol (1:1) was

performed at room temperature for four weeks. After 7 days the sample was seeded

with a small amount of polymorph 1 and polymorph 2.

(g) Maturation of 0.238 g of compound I in 1.4 ml of acetone was performed at room
30 temperature for four weeks. After 7 days the sample was seeded with a small amount

of polymorph 1 and polymorph 2.



the specified conditions and isolating the solid by vacuumfiltration,
starting frompolynorph 4 . (e) Maturation of 0.208 g of conpound | in 1.3
m of watwol2omiizesssl ( 1 : 1 ) was performed at room t erpEmEeeawesf2os f our
weeks. After 7 days the sanple was seeded with a small anmount of pol ynorph
1 and polynorph 2 . (f) Maturation of3§. 209 g of compound I in 1.0 m of
water/ethanol ( 1 : 1) was perfornmedat roomtenperature for four weeks.
After 7 days the sanple was seeded with a snmall anount of polynorph 1 and

pol ynor ﬁ gg) Mat ur ati on of 0.238 8 of compound I in 1.4 m of acetone
was perl bM@é@ra en pé@rﬁ%&rﬁéfzgmpw bin @ 8unl ofedrty! afrvbketpngayas t he sanpl e

f
Vet ur searifet b SoGfemaBPI 1 aROWUERY Pt AU IAE s fdllded |
AU St i nec it aﬂﬁ?‘“’“ﬁ?“ml e da? the)s"@a”?' Cation
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temper af trnetefﬁb'erét% foVe6 rsweéﬁé %‘t 7d8é{y°s &Bréeﬁ\/aturat 55 (fé'oe\ﬂﬁlg?"érﬁjé'l a smal |

anount o rmrp 1 an
corrpouradnountmf@oWrmMpbﬂ bmdpblympbt?e at roomtenperature for four weeks.

pot srotBATEr 5 SR oSG HLBOh oy By X BBRRLS phlogih WiTBERRE o
tetr ah&f@rﬁ%ﬁ\ﬂ'&%’ék@’aﬁft@re? Hapm SAmpROWES 8BBGER Withes éﬁl%llfa%uﬁ@%?ks After 7
days the sanple was seeded with a small anount of polynorph 1 and pol ynor ph

2 . (1 polgnenokt 1 end eolym@®B 23 of conpound | in 0.4 m of 1,4-di oxane was
DS o TSR0 SR AP biod S Y5 o o hgied DSRS0,
of 0. 204018 tempzeatues! it fbut Webkd. Atteraf d@)@mrudmplbwmmd Witedsraall
amount of polymorph 1 and polymorph 2.
(I) Maturation of 0.208 g of compound | in 0.4 ml of 1,4-dioxane was performed at
room temperature for four weeks. After 7 days the sample was seeded with a small
15 amount of polymorph 1 and polymorph 2.
(m) Maturation of 0.204 g of compound |in 0.7 ml of acetonitrile was performed at
room temperature for four weeks. After 7 days the sample was seeded with a small
amount of polymorph 1 and polymorph 2.
(o) Maturation of 0.352 g of compound | in 0.7 ml of dichloromethane was performed
20 at room temperature for four weeks. After 7 days the sample was seeded with a
small amount of polymorph 1 and polymorph 2.
(p) Maturation of 0.223 g of compound | in 0.6 ml of was performed isobutanol at
room temperature for four weeks. After 7 days the sample was seeded with a small
amount of polymorph 1 and polymorph 2.
25

Maturation experiments (e) to (p) all yielded pure polymorph 1.

Further maturation experiments starting from phase mixtures consisting of
polymorphs 1, 2 and 4 were performed analogously at 0 °C, 20 °C and 40 °C. All

30 these experiments yielded pure polymorph 1.



roomtenperature for four weeks. After 7 days the sanple was seeded with a
smal | anmount of pol ynorph 1 and polynorph 2 . (o) Maturation of 0.352 g of
conpound woi2n100395881 of di chl or onet hane was perfornmed arcr@meomespes at ur e
for four weeks. After 7 days the sanple was seeded with a small anmount of
pol ynmorph 1 and polynorph 2 . (p) Nhtgéation of 0.223 g of conmpound I in
0.6 mM of was perforned isobutanol at“foomtenperature for four weeks.
After 7 days the sanple was seeded with a snmall anount of polynorph 1 and
ponnDHp . Maturation experinents (e) to (p) all yielded pure polynorph
1. Fur tiherperfaroest maratipe expeimenist RIPYe iRatfaroeng r’r@séqw& Pakewrebasi st i ng

of poI S: nd 40

a1 e nEEEsE s et B! SRR BOTARENRY B Rt 2 o
experinments prove that anong the knomn polynnrphs phase lis

t hernodynam cally nost stable in the investigated tenperature range. d ai ns
1. A form of

2' -{[ 2- (4- et hoxy- phenyl ) -acetyl am no] - met hyl } - bi phenyl - 2- carboxylic acid
(2-pyridin-3-yl-ethyl)-am de which is selected fromthe group consisting of
pol ynmor ph 1, pol ynorph 2, polynorph 3 and any m xture thereof. 2 . The form
of 2'-{[2-(4-nmethoxy-phenyl)-acetyl am no] - net hyl } - bi phenyl - 2- car boxylic
acid (2-pyridin-3-yl-ethyl)-amde as claimed in claim11, which is pol ynorph
1 and has at |east one property of (a) characteristic reflections in an
X-ray powder diffractogram using CuKai radiation in transm ssion node at a
2Qangle [] of 6.7 0.2, 13.2 0.2, 17.6 0.2, 19.1 0.2, 20.0 0.2, 2 1.4
0.2, 22.5 0.2; and (b) characteristic signals in an FT
(Fourier-Transformati on) Ranman spectrumusing a near infrared |aser (I =
1064 nm at 3050 2 cm1l1, 2929 2 cm1l1l, 2887 2 cml, 1605 2 cm1 , 1293
2cml, 1042 2 cm1 . 3 . The form of

2' -{[ 2- (4- et hoxy- phenyl ) - acet yl am no] - et hyl } - bi phenyl - 2- car boxyl i c



acid (2-pyridin-3-yl-ethyl)-amde as clained in claim1, which is polynorph
2 and has at | east one property of (a) characteristic reflections in an
X-ray powsterodifpssact ogram usi ng CuKai radi ation in trampswmiEpseionsesie at a
2CQangle [] of 6.3 0.2, 8.7 0.2, 12.6 0.2, 16.4 0.2, 17.3 0.2, 19.3
0.2, 19.8 0.2; and (b) characteristig signals in an FT
(Fourier-Transformati on) Raman spectr using a near infrared | aser (I =
1064 nm at 3054 2 cml, 2946 2 cml1l, 1604 2 cm1l, 1294 2 cm1l , 1044
2cml_ . 4 . The form of

2' - {[ 24laimget hoxy- phenyl ) - acet yl ami no] - net hyl } - bi phenyl - 2-carboxylic acid
(2-pyridin-3-yl-ethyl)-amde as clained in claiml, which is polynorph 3
and has at | east one property of (a) characteristic reflections in an X-ray

Fz)(c)g\gdelr 1di[Affarmodfczmmwmieﬂgawmnw)aaﬁaylianfno‘]rmerra/l}mlsezrh;og dimgexgtcza -
n e J
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o5y | TG © FARRGRH 2 INRBISPISERE MSEEIREL ) ~ Toaz 2 cm 5
A pparzmaceuti cal cgrrpom t:aon corrp;![m ng at | east one of polynor phs éx I2I 2nd
3

2o d (2 BPRToT S ﬁ?yé P a RGP i T on ey S PET S -ReCoDOR S and
one o faiP{RpHdhIR G@imiae GRRIAR R iIRcFAiR] ?r\hﬁmh@s ollhforpRAPAT hhen a s

clainmed in c almS(f;I %he treatment of atrial arrhytﬁma or sleep-rel ated
r espi rﬁtdﬂq,st@ngcﬂfdm@yofi The corrp05|t| on a s clained |n any of clains 5

ggﬁygm(gﬁghn%ractiengﬂar eg:‘rtltogg ﬁq ?gt& L?yn% ﬁ%ﬁ?{qr?m usmg u cX?trac? Sfio? f
acetyl arﬁrtraakmr@fsﬁ@vhbdlélaﬂaembngrﬂar@mw ozawi +0.2,17.6+0.2,19.1 £ 0.2,
(2- pyr|d|n3 | - et hyl)-am de

20.0£0.2,214£0.2, 225+02 and

(b) characteristic signals in an FT (Fourier-Transformation) Raman spectrum using a

near infrared laser (A = 1064 nm) at 3050 + 2 cm™, 2929 + 2 cm™, 2887 + 2 cm™,

15  1605+2cm' 1293 +2cm™, 1042+ 2 cm™.

3. The form of 2'-{[2-(4-methoxy-phenyl)-acetylamino]-methyl}-biphenyl-2-carboxylic
acid (2-pyridin-3-yl-ethyl)-amide as claimed in claim 1, which is polymorph 2 and has
at least one property of

20 (a) characteristic reflections in an X-ray powder diffractogram using CuK,1 radiation
in transmission mode at a 26 angle [°] 0f 6.3+ 0.2,8.7+£0.2,12.6 +0.2,16.4 £ 0.2,
17.3+£0.2,19.3+£0.2,19.8 £ 0.2; and
(b) characteristic signals in an FT (Fourier-Transformation) Raman spectrum using a
near infrared laser (A = 1064 nm) at 3054 + 2 cm™, 2946 + 2 cm™, 1604 + 2 cm™,

25 1294 +2cm’, 1044 £ 2 cm™.

4. The form of 2'-{[2-(4-methoxy-phenyl)-acetylamino]-methyl}-biphenyl-2-carboxylic
acid (2-pyridin-3-yl-ethyl)-amide as claimed in claim 1, which is polymorph 3 and has
at least one property of

30 (a) characteristic reflections in an X-ray powder diffractogram using CuK,1 radiation
in transmission mode at a 28 angle [°] 0f 9.0+ 0.2, 155+ 0.2,16.8 £ 0.2, 20.3 £ 0.2,
21.0+£0.2,25.6 £0.2; and



according to any of clains 1 to 4 as a nedicanent. 9 . Use of at |east one
of polynorphs 1, 2 and 3 of 2'-{[2-(4-nethoxy-phenyl)-

acet yl amwoometsbsss} - bi phenyl - 2- carboxylic acid PCT/EP2010/057273
(2-pyridin-3-yl-ethyl)-am de according to any of clains 1 to 4 for the
manuf acture of a medi canent for the t§§at ment of atrial arrhythma or

sl eep-related respiratory disorders. The use a s clainmed in claim9 ,
wherein the sl eep-rel ated respiratory di sorder is sleep apnea. 1 1 . A
process for the preparation of pon h 1 of 2 H? (4- met hoxy- phenyl ) -
acet yl 4l ﬁrmqraﬁ@crlﬁy@pt%iaiﬂw@ran E3- EQHWX rran@fcamaﬂlon aman spectrum using a
(oot b otb A4 2R GRRHA PG 3 En15035 1) ™ 180702 o,

2 {[2-1(249—3rm2rmx$/ 1@4Qrw2)omllzetyl anmi noJ - met hyl } - bi phenyl - 2- carboxyl i ¢ acid
(2-pyridin-3-yl-ethyl)-am de at roomtenperature in a solvent selected from
t hegroup consi sting of nethanol, ethanol, nethanol/water, et hanol/vvater,
nmetzhyl e %ﬁ% ; t t

te:5r ah%?‘o@@ér@qnaé%hgél I OX (Zérrltgon g%@ h%‘??eatt%eéasér?@%g%ﬂhﬁ 8Woz? e to

obt ai n Zx{[Rudpmetioxy:pheny! raauerhylarrmoig‘neﬂh‘gl}énprpmnéﬁecarbbxylmmd €2rpgridindre to
SL: Swohgﬂmhylgpqgg)%%gé@% E’}l Crryagf?rl]ss’l t(g%f)an 8r|1é3torn re p%aprrrggleutllc;[a?te of

2' -{[2 a&éeﬁ%‘b@éi(cr iyl ) - acetyl anm no] - met hyl } - bi phenyl - 2- carboxylic acid
(2-pyridin-3-yl-et 1y )-am de at roomtenperature in a solvent selected from
the group consisting of ethanol and isopropanol to obtain a suspension;

B BT A B R R B s A BELBR R L AR TR o

p0| y morspdeplielgted(raspirstoBpeiBdideds.
2' -{[ 2- (4- met hoxy- phenyl) - acetyl am no] - net hyl } - bi phenyl - 2- car boxyl i c

7. The composition as claimed in any of claims 5 and 6, comprising a further active
agent.

15
8. Use of at least one of polymorphs 1, 2 and 3 of 2'-{[2-(4-methoxy-phenyl)-
acetylamino]-methyl}-biphenyl-2-carboxylic acid (2-pyridin-3-yl-ethyl)-amide

according to any of claims 1 to 4 as a medicament.

20 9. Use of at least one of polymorphs 1, 2 and 3 of 2'-{[2-(4-methoxy-phenyl)-
acetylamino]-methyl}-biphenyl-2-carboxylic acid (2-pyridin-3-yl-ethyl)-amide
according to any of claims 1 to 4 for the manufacture of a medicament for the

treatment of atrial arrhythmia or sleep-related respiratory disorders.

25 10. The use as claimed in claim 9, wherein the sleep-related respiratory disorder is

sleep apnea.

11. A process for the preparation of polymorph 1 of 2'-{[2-(4-methoxy-phenyl)-
acetylamino]-methyl}-biphenyl-2-carboxylic acid (2-pyridin-3-yl-ethyl)-amide

30 according to any of claims 1 and 2, comprising the steps of
(a) suspending 2'-{[2-(4-methoxy-phenyl)-acetylamino]-methyl}-biphenyl-2-carboxylic

acid (2-pyridin-3-yl-ethyl)-amide at room temperature in a solvent selected from the



acid (2-pyridin-3-yl-ethyl)-am de at roomtenperature in acetone to obtain
a suspension; (b") maintaining the suspension at a tenperature of 15 Cto
40 C to avbamoipssati on of pol ynorph 1 crystals; (c") i ecoirapreeng/ostres
precipitate of polynorph 1; or (a ") dissolving
2'-{[2-(4-nethoxy-pheny|)-acetylanino%-nethyl}-biphenyl-2-carboxy|ic acid
(2-pyridin-3-yl-ethyl)-am de in ethan T to obtain a solution; (b"") rapid
cooling of the solution to a tenperature of 0 C, (c'") isolating the
precipitate of polymorph 1. 12. A process for the preparation of polynorph
2 of 2gnptprzcms'ﬁmgw@weﬁmwgthaa@lemtfaaﬁmmat%ﬂmr}alﬁvadﬁre@wt hyl car boxyl i c
act o (i yPaodafl Bl 288102 AGHST GYPlBnB budhyGictingR, 1 And 3

conprisin

2' {[debeam boatpnlihm‘aﬁc) rstiedlgheshioolle e obydih aksysipengion2- car boxylic acid
(2-pyridin-3 t hy a% am de at roomtenp erature in_chloroformto obtain a
suspens('PbWa(rB?'”H%QW@ %pﬁaspﬁé‘téﬁgr@éﬁm%a%e Q)@'llﬁ“t’éﬁ’fﬁ'«‘?rt&n& PA¥namow

f ormat i40 aI@ precipitate of chloroformsolvate; (c) isolating the

pr eci pltalye (d) maintaining the preci pltate at a tenperature of 20 Cto
100 C t(o) isblating ftioe petdipitatefof polyymwppHl;2; (e) isol ating pol ynorph 2; or (al)
di ssol vi ng

2' {[20(4 nmet hoxy- phenyl ) - acet yl am no] - net hyl } - bi phenyl - 2- car boxyl i ¢ aci d

(2- pyr i(giy @ngéﬂdlﬁ by} [gnﬁ%@@ok?—dh'éh%fgdéfmr‘hmo%bﬁéthgil i S A-Dro6 AL rapl d

coollng of th erat ure “of | ow formati on “of
preci piacit - pyrldjm?nyloetbylmamjde@(c eoom temperature in a solvent selected from the

10 group consisting of ethanol and isopropanol to obtain a suspension;
(b") maintaining the suspension at a temperature of 0 °C to 45 °C to allow formation
of polymorph 1 crystals;
(c") isolating the precipitate of polymorph 1;
or

15 (a") suspending 2'-{[2-(4-methoxy-phenyl)-acetylamino]-methyl}-biphenyl-2-carboxylic
acid (2-pyridin-3-yl-ethyl)-amide at room temperature in acetone to obtain a
suspension;
(b") maintaining the suspension at a temperature of 15 °C to 40 °C to allow formation
of polymorph 1 crystals;

20 (c") isolating the precipitate of polymorph 1;
or
(a™) dissolving 2'-{[2-(4-methoxy-phenyl)-acetylamino]-methyl}-biphenyl-2-carboxylic
acid (2-pyridin-3-yl-ethyl)-amide in ethanol to obtain a solution;
(b™) rapid cooling of the solution to a temperature of 0 °C;

25 (c™) isolating the precipitate of polymorph 1.

12. A process for the preparation of polymorph 2 of 2'-{[2-(4-methoxy-phenyl)-
acetylamino]-methyl}-biphenyl-2-carboxylic acid (2-pyridin-3-yl-ethyl)-amide
according to any of claims 1 and 3, comprising the steps of

30 (a) suspending 2'-{[2-(4-methoxy-phenyl)-acetylamino]-methyl}-biphenyl-2-carboxylic
acid (2-pyridin-3-yl-ethyl)-amide at room temperature in chloroform to obtain a

suspension;



(cl) isolating the precipitate; (dl) maintaining the precipitate at a
tenperature of 20 Cto 100 Cto allow fornmation of polynorph 2; (el)

i sol ati ngwpabymspyss 2 . 13 . A process for the preparat pom/ErRo1posienor ph 3
of 2'-{[2-(4-nethoxy-phenyl)- acetyl am no]-nethyl}-bi phenyl -2-carboxylic
acid (2-pyridin-3-yl-ethyl)-am de acc éding to any of clains 1 and 4,
conprising the steps of (a) dissolving

2' -{[ 2- (4- et hoxy- phenyl ) -acetyl am no] - et hyl } - bi phenyl - 2- carboxylic acid
(2-pyridin-3-yl-ethyl)-amde in butyl acetate to obtain a solution; (b)
concent(phfiaigaining §iel ispensiep avapartempegatyne (o abewfermation eff el evat ed

t enper e reassure, and/or cooling to allow formation of a
pr eci p?’:rgé'g't%fg%ﬁh;ﬁgtbgﬁ‘d%&‘éaﬁ?ma| s; (c) isolating polynorph 3 . 14. A

pr ocesgcYieolating theprddipitdteon of _ _ _ _
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(2- pyr i(d) isoltipg-petiypoiphayi de according to any of clains 1 to 4 is obtained.
or
(a') dissolving 2'-{[2-(4-methoxy-phenyl)-acetylamino]-methyl}-biphenyl-2-carboxylic
acid (2-pyridin-3-yl-ethyl)-amide in chloroform to obtain a solution;
10 (b") rapid cooling of the solution to a temperature of 0 °C to allow formation of a
precipitate of chloroform solvate;
(c') isolating the precipitate;
(d") maintaining the precipitate at a temperature of 20 °C to 100 °C to allow formation
of polymorph 2;
15 (e') isolating polymorph 2.

13. A process for the preparation of polymorph 3 of 2'-{[2-(4-methoxy-phenyl)-
acetylamino]-methyl}-biphenyl-2-carboxylic acid (2-pyridin-3-yl-ethyl)-amide
according to any of claims 1 and 4, comprising the steps of

20 (a) dissolving 2'-{[2-(4-methoxy-phenyl)-acetylamino]-methyl}-biphenyl-2-carboxylic
acid (2-pyridin-3-yl-ethyl)-amide in butyl acetate to obtain a solution;
(b) concentrating the solution by evaporating butyl acetate at an elevated
temperature and a reduced pressure, and/or cooling to allow formation of a
precipitate of polymorph 3 crystals;

25 (c) isolating polymorph 3.

14. A process for the purification of 2'-{[2-(4-methoxy-phenyl)-acetylamino]-methyl}-

biphenyl-2-carboxylic acid (2-pyridin-3-yl-ethyl)-amide comprising a crystallization

step, wherein polymorph 1, polymorph 2 or polymorph 3 of 2'-{[2-(4-methoxy-phenyl)-
30 acetylamino]-methyl}-biphenyl-2-carboxylic acid (2-pyridin-3-yl-ethyl)-amide

according to any of claims 1 to 4 is obtained.



