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f:’ rystalli neé 9¢0h}36405]-’r y ery P PCT/US2007/084393
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preparations for use in d| agnostlc met hods or, preferably, for the

therapeutic treatnent of warm bl ooded ani mals, especially humans.
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condi t i omarmisloodedraniroals,caspegigllythatmansie f orns of

2- et hyl - 2-[ 4- (3- met hyl - 2- oxo- 8- qui nol i n- 3-yl - 2, 3-di hydro-i m dazo[ 4, 5-c] qui n
olin-1- yl)-phenyl]-propionitrile, its hydrates and solvates, its salts and
hydr at esBapkgmoghg tot the inyentians salts may be found, which are descri bed

herei nafter, and whi ch have advantageous utilities and properties. They
exhi bit new physi cal operties which which may have substanti al

differ erkwthym%f%methylpﬁmw&geimﬁn&yl -2p3-dipydro-iridazaidl Swlduinelic-aryl)be utili zed
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drug substa and/ or I'tat
and/or members of the PI3- kmase-related protein kinase family (also called PIKK and

include DNA-PK, ATM, ATR, hSMG-1 and mTOR), such as the DNA protein-kinase; its
preparation; and its use, especially as an anti-tumour agent, are described in

W02006/122806. The compound is exemplified therein in free form (see for instance
Example 7) and as 4-toluenesulfonic acid salt in a stoichiometric ratio of 1:1. The synthesis
of 2-methyl-2-[4-(3-methyl-2-oxo-8-quinolin-3-yl-2,3-dihydro-imidazo[4,5-c]quinolin-1-yl)-
phenyi]-propionitrile is also described in the experimental part as Example 1.

It has now been surprisingly found that under certain conditions new particular crystalline
forms of 2-methyl-2-[4-(3-methyl-2-o0x0-8-quinolin-3-yl-2,3-dihydro-imidazo[4,5-c]quinolin-1-
yl)-phenyl}-propionitrile, its hydrates and solvates, its salts and hydrates or solvates of its
salts may be found, which are described hereinafter, and which have advantageous utilities
and properties. They exhibit new physical properties which which may have substantial
differences in certain pharmaceutical properties and which can be utilized in drug substance
and drug product development; e.g. for the dissolution of drug substances and/or facilitated
routes of manufacturing/purification.



routes of manufacturing/purification. WO 2008/ 064093 PCT/tJS2007/ 084893 - 2-
Detail ed description of the invention The invention is described in nore

detail in the following with the help of drawi ngs and other aids. The
i nvention speci aI ly to essentially pure crystal forns of
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2- 0X0- 8- qui nol i n-3-yl -2, 3-di hydro-i m dazo[ 4, 5- c] qui nol i n-1-yl ) - phenyq- propi o
nitrile of formula I (corrpound 1), N2/ 4 N N4/ / N~ N of a hydrate or
solvate of the conmpound of formula I, or of a salt of the conpound of

formula 1, or of a hydrate or solvate of a salt of the conmpound of formula

| . Descr Dptailétd\dedtriptivn oflfraVibveaiod N the X-ray di agrans di scussed bel ow, the
angle of diffraction 2Theta 1s plotted on the horizontal axis (x-axis) and
the intensity (counts) on the vertical (y-axis). FIG | Form A of
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I m dazo[465 c]quinolin-1-yl)-phenyl]-propionitrile he strongest line in

t he X—ra? iffraction diagramis observed at an angle of diffraction 2Theta
of 8.4 havi ng a relative |ntenS|ty of 100% Two further Ilnes wer e observed
havi ng am lve intens nore than 10%at 7.9 and 10.5.  Mire broadly,
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with SCI@BaE ’15’3 rurrent with Cu K al pha radiation source; Step 0.020 ,
Range 2 .), Const. Scan Rate 0.50 Deg/mn (all 2Theta val ues
+/- 0.3). WO 2008/ 064093 PCT/ US2007/ 084893 -3

of a hydrate or solvate of the compound of formula |, or of a salt of the compound of formula
I, or of a hydrate or solvate of a salt of the compound of formula I.

Description of the drawings
in the X-ray diagrams discussed below, the angle of diffraction 2Theta is plotted on the

horizontal axis (x-axis) and the intensity (counts) on the vertical (y-axis).

FIG. 1 Form A of 2-methyl-2-[4-(3-methyl-2-0x0-8-quinolin-3-yi-2,3-dihydro-
imidazo[4,5-c]quinolin-1-yl)-phenyl]-propionitrile

The strongest line in the X-ray diffraction diagram is observed at an angle of diffraction
2Theta of 8.4° having a relative intensity of 100%. Two further lines were observed having a
relative intensity of more than 10% at 7.9° and 10.5°. More broadly, this form is
characterized by diffractions peaks at angles of diffraction 2Theta of 7.9°, 8.4°, 10.5°, 10.9°,
13.3°, 17.9°, 22.0°. X-ray powder data measured with Scintag instrument with Cu K alpha
radiation source; Step 0.020 °, Range 2.00-40.00 (Deg.), Const. Scan Rate 0.50 Deg/min
(all 2Theta values +/- 0.3).



Ft&—2 Form B of 2-nmethyl-2 f4-(3-nethyl-2-oxo-8-quinolin-3-yl-2,3-di hydro-

i m dazof 4, 5-cJqui nolin-1-y!)-phenyl]-propionitrile The strongest line in
the X-ray diffraction diagramis observed at an angle of diffraction 2Theta
of 6.9 havydefndsfdsati ve intensity of 100% Two further |ines were observed
having a relative intensity of nore than 10% at 14.2 BAHU$2007/084808r ¢
broadly, this formis characterized by diffractions peaks at angl es of
diffraction 2Theta of 6.9, 8.7, 10.1-344.2, 17.7, 20.5, 21.1 . X-ray
powder data nmeasured with Scintag instrunent with Cu K al pha radiation
source; Step 0.020 , Range 2.00-40.00 (Deg.), Const. Scan Rate 0.50 Deg/ mn
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FIG. 4 Form D of 2-methyl-2-[4-(3-methyl-2-0x0-8-quinolin-3-yl-2,3-dihydro-
imidazo[4,5-c]quinolin-1-yl)-phenyl]-propionitrile

The strongest line in the X-ray diffraction diagram is observed at an angle of diffraction
2Theta of 23.9° having a relative intensity of 100%. Two further lines were observed having
a relative intensity of more than 10% at 20.6° and 22.1°. More broadly, this form is
characterized by diffractions peaks at angles of diffraction 2Theta of 8.5°, 19.9°, 20.2°,
20.6°, 22.1°, 23.9°, 26.1°, 27.2°. X-ray powder data measured with STOE Stadi P Combi
instrument with Cu K alpha1 radiation source; Slit 4 mm/2 mm; transmission between kapton
foil: Monochrom.: Curved Germanium (111), Radiation 1.54060 A, Generator: 50 kV, 30 mA,
Detector: Linear PSD/Moving/Fixéd Omega; Range 1: 2Theta (begin, end, step) = 2.000,
39.980, 0.020; 390.00 s/step (all 2Theta values +/- 0.3).

FIG. 5 Form H, of 2-methyl-2-[4-(3-methyl-2-0x0-8-quinolin-3-yl-2,3-dihydro-
imidazo[4,5-c]quinolin-1-yl)-phenyl]-propionitrile monohydrate

The strongest line in the X-ray diffraction diagram is observed at an angle of dlffractuon
2Theta of 17.6° having a relative intensity of 100%. Two further lines were observed having



2Theta of 17.6 having a relative intensity of 100% Two further lines were
observed havi ng WO 2008/ 064093 PCT/ US2007/ 084893 -4 a relative intensity of
nore than 10% at 18.8 and 22.5. Modre broadly, this formis characterized by
diffractlgm @g@&ﬁ at angles of diffraction 2Theta of 5.6, 6.9, 8.50, 9.2,
13.8, 17 i . 5, 24.0. X-ray powder data measur BETHA0R7/6Mer D8

Di scover GADDS in reflection geonetry (all 2Theta values +/- 0.3). FIG 6
Form A of 2-nethyl -2-(4-(3-nethyl - 2- o~ 8- qui nol i n-3-yl -2, 3-di hydr o-

i m dazo[ 4, 5-c]quinolin-f-yl)-phenyl]-propionitrlle nonotosylate The
strongest line in the X-ray diffraction diagramis observed at an angl e of

diffractg @mtw@m@fsgy @ﬁmé’e?hé?ﬂd%&@&“%‘n&tﬂ%e m&&%mwth%ffoéw& % Two further
| i nes were observed havi ng relative intensit nore than 10% at 5.4 and

17. 2. MFharasteszed By d'ffmcgor\scnea#%%tanelﬁa%@ﬁr@w 55? ofi56°r &8t B9 Beaks at
angl es of3 gt {7, B‘aGSIBQFEZ%-Fhﬁ@P Xfraﬁpélwde'?dZta rdastired With Brukel BeDiscble0. 22. 0,

23.1 , &ﬁ é’{'g E ta measured with Scintag instrunment wth
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Scan Rate 0.50 Deg/mn (all 2Theta vaI ues +/- 0.3). FIG 7 Form B of
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0.%) haR AR A Ay St of Yorm H of, 2ty
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(cal cul g4ed, Trogy L0g G hERPRLL PRmalHYRL x5 Vg diAblin-3-y1-2,3-dihydro:

imidazo[4,5-c]quinolin-1-yl)-phenyl]-propionitrile monotosylate

The strongest line in the X-ray diffraction diagram is observed at an angle of diffraction

2Theta of 5.8° having a relative intensity of 100%. Two further lines were observed having a

relative intensity of more than 10% at 17.8° and 18.7°. More broadly, this form is

characterized by diffractions peaks at angles of diffraction 2Theta of 5.8°, 16.4°, 17.2°,

17.8°, 18.4°, 18.7°, 22.1°, 22.7°, 23.7°. X-ray powder data measured with STOE Stadi P

Combi instrument with Cu K alpha1 radiation source; Slit 4 mm/2 mm; transmission between

kapton foil; Monochrom.: Curved Germanium (111), Radiation 1.54060 A, Generator: 50 kV,

30 mA, Detector: Linear PSD/Moving/Fixed Omega; Range 1: 2Theta (begin, end, step) =

2.000, 39.980, 0.020; 390.00 s/step (all 2Theta values +/- 0.3).

FIG. 8 Simulated X-ray powder pattern of form H, of 2-methyl-2-[4-(3-methyi-2-
oxo-8-quinolin-3-yl-2,3-dihydro-imidazo[4,5-c]quinolin-1-yl)-phenyl]-propionitrile
monotosylate monohydrate (calculated from the corresponding single crystal

structure)



structure) WD 2008/ 064093 PCT/ QS2007/084893 -5 Crystall ographic data of
conpound | nonotosvl ate nonohydrate: Crystal system Monoclinic Space group
P21/c a, A 9.790(3) b, A 12.431(3) <c, A 27.209(8) a, p, y 90, 92.560(16),
90 V, A3 dﬁwa&& Dom g cm 1.325 Z 4 The strongest line in the X-ray
diffraction diagramis observed at an angle of diffracPCBHHS20078d893 of 6.5
having a relative intensity of 100% Four further |lines were observed having
a relative intensity of nore than 50%at 7.8, 19.6, 23.1 and 26.2. Mbre
broadly, this formis characterized by diffractions peaks at angl es of
diffraction 2Theta of 6.5, 7.8, 9.0 11.4, 14.9, 19.3, 19.6, 23.1 , 26.2

(all 2Thehtatstristic déta f cothoouhl PmofloBh itk Hichbhyérdigy Powder pattern of form -
Hs of 2-methyl- -(3-methyl - Z- oxo-38-quinolin-3-yl-2, 3-dihydro-imdazo[ 4,
5-cj qui nolin-1-yl)-phenyl J-gystapbyatent r | | monodmiot osyl at e di hydrate (cal cul at ed
fromthe correspondi ng si ngdpacegroipt @l spspecture) Crystall ographic data of
conpound | nonotosyl ate di hygrate: Cys§adggystem Triclinic Space group P-1
a, A 7.1921(2) b, A 13. 843b9ﬁ\3) c, A 1]2%%7(4) a, P. Y 111.203(1),
90.980(1), 96.388(1) c' ‘

A 27.209(8)
a B,y 90, 92.560(16), 90
v, A® 3308.0(16)
Dcalc, g Cﬂ"l-3 1.325
Z 4

The strongest line in the X-ray diffraction diagram is observed at an angle of diffraction
2Theta of 6.5° having a relative intensity of 100%. Four further lines were observed having a
relative intensity of more than 50% at 7.8°, 19.6°, 23.1° and 26.2°. More broadiy, this form is
characterized by diffractions peaks at angles of diffraction 2Theta of 6.5°, 7.8°, 9.0°, 11.4°,
14.9°, 19.3°, 19.6°, 23.1°, 26.2° (all 2Theta values +/- 0.3). '

FIG. 9 Simulated X-ray powder pattern of form Hg of 2-methyl-2-[4-(3-methyl-2-
oxo-8-quinolin-3-yl-2,3-dihydro-imidazo[4,5-c]quinolin-1-yl)-phenyl]-propionitrile
monotosylate dihydrate (calculated from the corresponding single crystal structure)

Crystallographic data of compound | monotosylate dihydrate:

Crystal system Triclinic

Space group P-1
a A 7.1921(2)

- b A 13.8439(3)
c, A 17.5657(4)
a By 111.203(1),

90.980(1),
96.388(1)
v, A® 1617.33(7)
Deate: g €M™ 1.318
Z 2

The strongest line in the X-ray diffraction diagram is observed at an angle of diffraction
2Theta of 6.9° having a refative intensity of 100%. Two further lines were observed having a
relative intensity of more than 10% at 19.5° and 26.6°. More broadly, this form is
characterized by diffractions peaks at angles of diffraction 2Theta of 6.9°, 10.2°, 13.4°,
13.8°, 16.4°, 16.9°, 19.5°, 21.1°, 26.6° (all 2Theta values +/- 0.3).



V, A 1617.33(7) D' IC, g cm 1.318 Z 2 The strongest line in the X-ray
diffraction diagramis observed at an angle of diffraction 2Theta of 6.9
having a relative intensity of 100% Two further |ines were observed having
a rel ati‘ﬁﬁo&&%ﬁ;&%}y of nore than 10% at 19.5 and 26.6. Mire broadly, this
formis chafacterized by diffractions peaks at angl esP6T/U§?07/9848%8i on 2Thet a
of 6.9, 10.2, 13.4, 13.8, 16.4, 16.9, 19.5, 21.1 , 26.6 (all 2Theta val ues
+1- 0.3). WD 2008/ 064093 PCT/ US2007/ 084893 -6 FIG 10 Sinul ated X-ray
powder pattern of form SA of 2-nmethyl-2 (4-(3-nethyl-2-

0x0- 8- qui nolin-3-y1-2, 3-di hydro-im dazo |4,
5-c]quinolin-1-yl)-phenyl]-proplonitrile nonotosylate diformc acid solvate

| cul at ' [ nal t t
Gyst al | e thi o iiiaegor BYARAdE R BBt fortl Yo P mePid STl oty s o
Cryst al oxeiSequihblire8yi-2,3edifyxtrodmiplazafd, SeJybinotin-1fyIPp KAk Propidnitrife 12. 5101( 5)
C, A 30.3995(1 90, .92..183(,2 9Q V.. A3 3576.2(2) .auk, 3
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at an angtractfe)di ffraction 2Theta of 5.8 having a relative intensity of
100% Two further lines were observed having a relative intensity of nore

than 10% . |s.formis, .characterized by
diffract sta?lo a gd go?c i t? BABtodyl tg%r cid solv e 8 7.9 11.7, 13.1 .
13.6, 14.5, 17.3, 20.9, 22 &ystAdyseend a1 T mldefii@ values +/- 0.3); FIG 11 Form
A of 2-nethyl-2 (4-(3-net hyéﬁagéé’ré&' 8- qu'bﬂm I n-3-yl -2, 3-di hydr o- :

a A 9.4104(3)
b, A 12.5101(5)
¢, A 30.3995(11)
a, By 90, 92.183(2), 90
SV A® 3576.2(2)
Deaic, g €M™ 1.547
Z 4

The strongest line in the X-ray diffraction diagram is observed at an angle of diffraction

2Theta of 5.8° having a relative intensity of 100%. Two further lines were observed having a

relative intensity of more than 10% at 7.6° and 20.9°. More broadly, this form is

characterized by diffractions peaks at angles of diffraction 2Theta of 5.8°, 7.9°, 11.7°, 13.1°,
13.6°, 14.5°, 17.3°, 20.9°, 22.6°, 24.5° (all 2Theta values +/- 0.3). L

FIG. 11

Form A of 2-methyl-2-[4-(3-methyl-2-ox0-8-quinolin-3-yl-2,3-dihydro-

imidazo[4, 5-c]quinolin-1-yI)-phenyl]-propionitrile ditosylate

Crystallographic data of compound I ditosylate:

Crystal system Monoclinic
Space group P2,/n

aA 10.3246(2)

b, A 12.0935(3)

c. A 31.5031(7)

a, By 90, 99.416(1), 90
v, A® 3880.50(15)
Deate, g €M7 1.159

Zz 4

The strongest line in the X-ray diffraction diagram is observed at an angle of diffraction

2Theta of 22.4° having a relative intensity of 100%. Two further lines were observed having



I m dazof 4, 5-cj qui nol i n-1-yl)-phenyl]-propionitrile ditosylate
Crystal | ographic data of compound | ditosylate: Crystal system Monoclinic
Space group P21/n a, A 10.3246(2) b, A 12.0935(3) c, A 31.5031(7) a, p, Yy

90, 99.41 V, A3 3880.50(15) D. 9 cm3 1.159 Z 4 The strongest |ine
in the X- Sgé% B/P'%P%%ct ion diagramis observed at an angPETYP20474%$%ct i on

2Theta of 22.4 having a relative intensity of 100% Two further |ines were
observed havi ng WD 2008/ 064093 PCT/ US2607/ 084893 -7 a relative intensity of
nore than 10% at 21.5 and 25.0. More broadly, this formis characterized by
diffractions peaks at angles of diffraction 2Theta of 5.6, 7.7, 15.8, 16 8,
18. 6, 19alkelafdik.iftensl.off moabthan m%raam BORGLEZ5. 0FaMBreBraadly, eﬁis Ybrinhs Br uker
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oxo0-8-quinolin-3-yl-2,3-dihydro-imidazo[4,5-c]quinolin-1-ylj-phenyl]-propionitrile
ditosylate trihydrate (calculated from the corresponding single crysta] structure)

Crystallographic data of compound | ditosylate trihydrate:

Crystal system Monoclinic

Space group P2/n

a A 9.120(3)

b A 12.646(4)

c, A 37.827(12)

a By 90, 95.565(16), 90
v, A 4342(2)

Deatcy gcm™> 1.328

Z 4

The strongest line in the X-ray diffraction diagram is observed at an angle of diffraction
2Theta of 4.7° having a relative intensity of 100%. Two further lines were observed having a
relative intensity of more than 10% at 9.4° and 12.6°. More broadly, this form is
characterized by diffractions peaks at angles of diffraction 2Theta of 4.7°, 7.4°, 8.4°, 9.4°,
12.6°, 13.7°, 14.7°, 18.3°, 20.8°, 24.1° (all 2Theta values +/- 0.3).

FIG.13  Amorphous form of 2-methyl-2-[4-(3-methyl-2-ox0-8-quinolin-3-yl-2,3-

dih ydro-:m:dazo[4 5-c]quinolin-1-yl)-phenyl]-propionitrile monotosylate

X-ray powder data measured with Bruker D8 Advance instrument with Cu K alpha radiation
source; Step 0.017°, Cnt. time 0.3 s., Range 2.00-40.00 (Deg.), variable divergence slit 12
mm, VANTEC PSD detector.
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FIG. 16  Simulated X-ray powder pattern of form S¢ of 2-methyl-2-{4-(3-methyl-2-
, oxo0-8-quinolin-3-yl-2,3-dihydro-imidazo[4,5-c]quinolin-1-yl)-phenyl]-propionitrile
monotosylate diformic acid solvate monohydrate (calculated from the corresponding

single crystal structure)

Crystallographic data of compound | monotosylate formic acid solvate monohydrate:

Crystal system Monoclinic

Space group P24/n

aA 9.304(3)

b, A 12.421(4)

c, A 31.500(10)

a By 90, 91.571(18), 90
Vv, A® 3639(2)

Deak, g cm™ 1.372

Z 4

The strongest line in the X-ray diffraction diagram is observed at an angle of diffraction
2Theta of 5.6° having a relative intensity of 100%. Two further lines were observed having a
relative intensity of more than 10% at 20.7° and 22.2°. More broadly, this form is
characterized by diffractions peaks at angles of diffraction 2Theta of 5.6°, 7.6°, 12.9°, 13.3°,
14.3°, 20.7°, 22.2°, 24.5°, 25.2°, 26.2°, 29.3 (all 2Theta values +/- 0.3).
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Crystal system Monoclinic
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The strongest line in the X-ray diffraction diagram is observed at an angle of diffraction .
2Theta of 5.7° having a reiative intensity of 100%. Two further lines were obsérved having a
relative intensity of more than 10% at 7.7° and 22.3°. More broadly, this form is
characteriied by diffractions peaks at éhgles of diffraction 2Theta of 5. 7°,7.7°, 12. 7°,13.4°,
14.3°, 14.6°, 20.1°, 20.5°, 20.7°, 22.3°, 23.7°, 24.0°, 24.2°, 24.9°, 26.0° (all 2Theta values

+/- 0.3).

The term “essentially pure” is understood in the context of the present invention to mean
especially that at least 90, preferably at least 95, and most preferably at least 99 per cent by
weight of the crystals of the compound of formula |, its hydrates or solvates, its salts or
hydrates or solvates of its salts are present in the specified crystal form according to the

invention.

The term “solid form” according to the present invention inciudes crystalline forms and

amorphous forms. Preferred solid forms are crystalline forms

In the context with stating that a crystal form of the compound of formula |, its hydrates or
solvates, its salts or its hydrates or solvates of its salts exhibits an X-ray diffraction diagram
essentially as outlined in one of the Figures, the term “essentially” means that at least the
maijor lines of the diagram depicted in said Figure, i.e. those having a relative line intensity of
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the specfliPgr@m epyRstode Aresemt-according to the invention. The term"solid -
form according to the present invention includes crystalline forns and
anor phous forns, Preferred soli orns are crystalline forns In the context
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depicted in said Figure, i.e. those having a relative line intensity of WO
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hydr at es so#s St?el vr?h_\%s% its salts or its hydrates or solvates of its salts
exhi bi t 25PN BIEHXPIPI8SHn di agram essential Iy as outlined in one of the

Figures. O particularly high preference are solid, preferably crystalline,
formof the conpound of formula |, its hydrates and solvates, its salts and
hydrates or solvates of its salts obtainable as described in the Exanples.
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Corrpoundfm%u,a I, its hydrates or solvates, its salts or hydrates or solvates of its salts is the fact that
distinct crystal forms are prone to incorporate distinct impurities upon crystallization, i.e. an
impurity incorporated in crystal form' AA is not necessarily also incorporated in the crystal
form BB or in the crystal form CC. With other words, preparing consecuiively distinct crystal |
forms of the same material increases the purity of the finally obtained substance.

'Furthermore, distinct crystal forms display different physical properties such as melting
points, hygroscopicities, solubilities, flow properties or thermodynamic stabilities, and, hence,
distinct crystal forms allow the choice of the most suitable form for a certain use or aspect,
e.g. the use as an intermediate in the process of drug manufacture or in distinct

administration forms like tablets, capsules, ointments or solutions.

The solid, preferably crystalline, forms of the compound of formula |, its hydrates or solvateé,
its salts and hydrates or solvates of its salts poésess valuable pharmacological properties N
and may, for example, be used in the treatment of conditions which are mediated by the
activation of the PI3 kinase enzymes, such as proliferative, inflammatory or allergic
conditions, or disorders commonly occurring ih connection with transplantation.

The solid, amorphous or crystalline, preferably crystalline, forms of the compound of formula
I, its hydrates or-solvates, its salts and hydrates or solvates of its 'salts'may prefefably used
in the treatment of a proliferative disease selected from a benign or malignént tumor,
carcinoma of the brain, kidney, liver, adrenal gland, bladdér, breast, stomach, gastric |
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formula I, its hydrates or solvates, its salts or hydrates or sol vates of
its salts is the fact that distinct crystal forns are prone to incorporate
distinct inpurities upon crystallization, i.e. an inpurity incorporated in
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its hydrates or solvates, its salts and hydrates or solvates of its salts
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gastroi ntes Chal cancer, especl arpy coron carcinona or - 'eofof ectal adenona
or a tunpharmacelgicalegént ferdnetseaimentitherpofder mal hyperproliferation, '
psoriasis, prostate hyperplasia, a neoplasia, a neoplasia of epithelial

character, |ynphomas, a mamary carcinoma or a |eukem a. Qther diseases
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efficacy, is administered to warm-blooded animals in need of such treatment. The invention -
relates moreover to the use of solid, preferably crystalline, forms of the compound of formula
1, its hydrates or solvates, its salts and hydrates or solvates of its salts for the preparation of
pharmaceutical compositions for use in treating the human or animal body, especially for the
treatment of proliferative disease, éuch as benign or malignant tumor, carcinoma of the
brain, kidney, liver, adrenal gland, bladder, breast, stomach, gastric tumors, ovaries, colon,
rectum, prostate, pancreas, lung, vagina or thyroid, sarcoma, glioblastomas, multiple
myeloma or gastrointestinal cancer, especially colon carcinoma or colorectal adenoma or'a
tumor of the neck and head, an epidermal hyperproliferation, psoriasis, prostate hyperplasia,
a neoplasia, a neoplasia of epithelial character, lymphomas, a mammary carcinoma or a

leukemia.

The solid, preferably crystalline, forms of the compound of formula I, its hydrates or solvates,
its salts or hydrates or solvates of its salts described herein can be utilized to prepare stable
pharmaceutical dosage forms. Hence, the invention relates also to pharmaceutical -
preparations which contain an amount, especially an therapeutically effective amount for
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The term "pharmaceutical composition” is intended to encompass a product comprising the

active ingredient(s), pharmaceutically acceptable excipients that make up the carrier, as well

as any product which results, directly-or indirectly, from combination, complexation or

aggregation of any two or more of the ingredients, or from dissociation of one or more of the

ingredients, or from other types of reactions or interactions of one or more of the ingredients. -

Accordingly, the pharmaceutical compositions of the present invention encompass any

composition made by admixing the active ingredient, optionally additional active ingredient(s)

and pharmacetutically acceptable excipients.

Thé term "excipient” means a component of a pharmaceutical product that is not the active
ingredient, such as filler, diluent and carrier. The excipients that are useful in preparing a
pharmaceutical composition are preferably generally safe, non-toxic and neither biologically
nor otherwise undesirable, and are acceptable for veterinary use, as well as human
pharmaceutical use. "A pharmaceutically acceptable excipient”, as used in the specification

and claims, includes both one and more than one such excipient.
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sol vat e s and drates or solvates o ts sa e precise
condi t i g¥h aﬁamratmraﬁhenq}@eﬁme@aapl@tesdﬁwepmwes or formiates. Crystals may

then be formed by conversion from solution, crystallization taking place at a temperature of -
between about 0° C. and the boiling point of the solvent. The dissolution and crystallization
may be carried out in various conventional ways. For instance, amorphous compound may
be dissolved in a solvent or a mixture of solvents in which it is readily soluble at elevated
temperatures but in which it is only sparingly soluble at lower temperatures. Dissolution at
elevated temperature is followed by cooling during which the desired crystals crystallize out
of solution. A cooling and reheating step may be carried out several times, e.g. at least once,
at least twice, at least 3x, at least 5x. The cooling and reheating temperatures are e.g. at
least 5° C at least 10° C or at least 15° C. The low temperature of the cooling/heating cycles
may e.g. be less than 15° C, less than 10° C, less than 5° C or less than 0° C, whereas the
high temperature may e.g. be at least 15 °C, at least 20° C, at least 25°C or at least 30° C.

Mixed solvents comprising a good solvent in which the compound is readily soluble,

preferably, in amounts of at least 1% by weight at 30° C, and a poor solvent in which it is

more sparingly soluble, preferably in amounts of not more than about 0.01% by weight at 30° ~ -
C, may also be employed provided that crystallization from the mixture at a reduced

temperature, of normally at least about, 0° C, is possible using the selected solvent mixture.



now be enmpirically determ ned and a nunber of nethods are suitable in
practice, including the crystallization conditions as described in Exanples
3 to 17. Crystallization-inducing conditions normally involve the use of an
appropriate crystallization- inducing solvent, such as t-butyl nethyl ether

( TBVE) , rret‘?fém\é?’?“@z"c?’hanol , isopropanol or water or m xbcr/esobiuRef -
Conveniently, the anorphous conpound is dissolved in the sol- vent at a
tenmperature of normally at |east 10 C-1%he sol ution may be produced by
dissolving in a solvent any one or-nore of anorphous forns of the conpound,
and sol vates thereof, such as hydrates, nethanol ates, ethanol ates,

| sopropanol ates, or formates. Crystals may then be fornmed by conversion
fromsolution, crystallization taking place at a tenperature of between
about 0 O“'teélﬂﬁi'V?'M,éh%éTffleferﬁ‘ge'mﬁomb“ltWOfghﬁecww@rﬁ'fferﬂTHQONEMSMaythemseda.rﬁr

crystal i g@hipf) theWorBﬁonE%Hp@ﬁ'nooM%y bé‘dlgﬁﬂ\}eelﬁa 5953’ ?d?s;ein?ﬂ%hlé?ﬁy i8h r#: gf :

I nst ance, anor phous COI'TpOUﬂ di ssol ved

sol vent s $ablgh$ush asone & whighyit iswob@leub penogfts ef Qf\}%ﬂséwo byeygight at aut 3Q5UE | n
whi ch it dry 1R bofutfop@ub mémw\u@& ﬁltl% pb&H ¥ rveﬁtq‘mkﬁﬁt% figre %?aﬁ@@t y&m@@ at

el evated tenperature is cooling during wh
crystal s 24l 8s ane inuhight is SGI‘Ubl@d'P amp@ms ofmnat Aiore thgn ahent loéﬁéfaby wgioktatp may be

carried OiHouSS &S ahus, 'tﬁ@%lut%n%ftr%tcohﬁ%ﬁd .ﬁl&%ood%nvbﬁ%ﬁéy Sé%cro%d téfne! €ast 3x,
at | east 5x. The coqling and reheating tenperatures are e. g east 5 C

at | east PRYreolnt yhile malttaining pormally ateparaliisdn gxepss obabaut@ Go@lthmgweatu ng

cycles nRyweft ay &eaddéa&o tﬂé%luﬁén 6 the esrﬁpadharh the gGod k&dent diath m@ or less
than 0 C, whereas the 8121 erature éu gv be at |east 15 C, at |east
ﬁ@f” tOoFvE

20 C, at "og8aly majptaiging 4 te B qxcess\af mrgpl%ﬁfrgqog.sagergs gyd

sol vent lmbwd@ lé\bertdl‘tﬁzhéle NgueH rad m&hdneﬂélhbuol%ﬁb isbb@pandvrfeifnﬂé aah )écetlcrhcﬁ:ra?u nts of
at least 1%b é ht at, 30 C, ng oor 8 E/?{rb%

spari ngl \AcElon tﬁ"be piple: f R0y solye ﬁ(ﬁj&t"éat‘ﬂf Sira F@’sﬁqgﬂt'%ﬁﬁﬁe‘ée%it % by
wei ght  ata téfpefaturédmthé e e alsgip DOE esl alfsu@¥0ued t hat crystallization fromthe
m xture at a reduced tenperature, of normally at |east about, 0 C 1is

possi bl e using the sel ected solvent m xture. WD 2008/ 064093

PCT/ US200Qr &R 8idiRdtive einbodinent ofthé prokyss df ke ilvenfien, Gbﬁt&adﬁﬁtpﬁ@l&&ﬂddoﬁﬂd sgf ‘the

Compoand SRR & < EhPBBrE At dorflyATeds aiut PrE e SRV T whigf g ATHESE0 i e
such as qietely solusie, qinefetablysonfycipatingly salubderatithasteniperture e stspebsioy reseitght  at
about 30 lcg Fg)%ﬁl Le I Jduat %?lgpérggds &Y ?é?rtiélr)( m%rﬁ&gtewlatlﬁoﬁeg %Otileg&benet‘nt | n whi-ch

it is nore oI u
Preferably the SO|IdS are maintained in a state of suspension by agitation e. g. by shaking or

stirring. The suspension is kept at a temperature of normally about 0° C or higher in order to
effect a transformation of the starting solids into crystals. The amorphous solid compound
suspended in a suitable solvent may be a solvate, e.g. hydrate, methanolate, ethanolate,
acetate or formiate. The amorphous powder may be derived by drying a solvate. -

It is preferred to add "seeds" of crystalline material to the solution in order to induce

crystallization.

In accordance with a preferred embodiment of the present invention, the crystalline forms-of
formula I, its hydrates or solvates, its salts and hydrates or solvates of its salts have a high
crystallinity. A crystal form is defined herein as having a “high crystallinity” or being
“crystallographically pure" when it contains at most about 0.5% (w/w), e.g. at most about

0.1% (w/w) of other form. Thus e.g. “crystallographically pure Form AA” contains about 0.5%
(wiw) or less, e.g.-about 0.1% (w/w) or less of Form BB and/or another crystalline form. With
respect to the content of amorphous form a “crystallographically pure” form containis less
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such as one in which it is soluble in anounts of not nore than about 0.01 %
by weight at about 30 C. Thus, the solution of the conmpound in the good

sol vent may be added to the poor solvent, while nmaintaining normally a
tenperature in excess of about 0 C, or the poor solvent nmay be added to the
sol ution oV EHPound i n the good sol vent, agai n whiRI/USI0071e8dsh3/

mai ntai ning a tenperature in excess of about 0 C. Exanples of good sol vents
may include | ower alcohols, such as m#®%hanol, ethanol and isopropanol,
formc acid acetic acid or acetone. An exanple of a poor solvent is e.g.
water. Preferably, crystallization is effected at a tenperature in the

range of tA&watioub5% df amdRhalis fiem Gr ah Bm@ﬂntfﬂelthﬁéhhi{%f GSOARh T 'Z‘Penh of the

process o tgq% i nvention, solid anorphous conpound is suspended at a
t enper at le-PoKAY §f amorheug formhout 0 Cin a solvent in which it is
incom pletely soluble, preferably onl y sparl ngly sol uble, at that
terrperat suspension results in Pal’tl cles of solid are

di sper sed, heef?l@wl"'@ ampiesdiyistedhs 'QV?!\t'g%Ult%G imiyng fie seape/thgeeof. preferably the
sol i ds arremiperdiires BRyiven iR deégreéLCasius pepensi on by agitation e.g. by shaking
or stirr g The suspension is kept at a tenperature of normally about 0 C
or highe er to effect a transformation of the starting solids into
crystals. The anorphous solid conmpound suspended in a suitable solvent may
be a solvate, e, g. hydrate, nethanol ate, ethanolate, acetate or formate.
The armr wder may be derived by drying a solvate. } It is preferred
to add ¢hyl-2.{4-(-metng bloﬂs-anahﬁélhﬂﬁ-yi@ 3Id?ﬁy¢ﬁ91|Mida98[4' SlefaufifiinlRy).nduce
crystalli zatl on n, accordance with a preferred embodi ment of the present
i nvent i oRPhepykPeaplenittilei ne forns of formula I, its hydrates or sol vates,
its salts and hydrates or sol vates of 't/snsalts have a high crystalllnlty
A crystal formis defined herein as hg 'n’g a "high crystallinity" or being
"crystallographically pure" when it coxtakns at m)st about 0.5% (wWw), e.g.
at nost about 0.1 % (ww) of other forry WS e.g. "crystallographically -
pure Form AA" contains about 0.5% | esg, e.g. -about 0.1 % (ww or
| ess of Form BB and/or anot 'gr Wth respect to the
content of anorphous form a alNly pure"” formcontains |ess
WD 20081064093 PCT/ US2007/ 0 2ot 5% of anor phous form or an

In a suitable lab glass reactor are placed 45.0 g of starting 2[4-(8-bromo-3-methyl—2-oxo-2,3—
dihydro-imidazo[4,5-c]quinolin-1-yi)- phenyl]2-methy| -propionitrile together with 2.25 g of
bistriphenylphosphing’palladium dlchlorlde in 445 ml N,N- dlmethylformamlde This m|xture is
heated to 95 °C and then a solution of 22.2 g of 3-quinoline boronic acid in a mixture of 225
ml DMF, 300 ml H,O and 60 g of KHCO; is added. This mixture is heated for 2 h at 95 °C. J
Then 1080 ml H,O are added. The product 2~methyl-2-[4-(3-methyl-2-oxo-8-quinolin-3-yl- 1
2,3-dihydro-imidazo[4,5-c]quinolin-1-yl)-phenyl]propionitrile precipitates. The mixture is

cooled within 1.5 h to 0 — 5 °C. After stirring at that temperature for 2 h the crude product is

filtered and washed with 300 ml H,O. This product is dried in vacuo at 60 °C for 18 h, to yield

crude product.

40 g of this crude product is dissolved in 200 ml formic acid at 60 °C. 8 g of active charcoal
and Smopex 234 are added. The mixture is stirred at 60 °C for 1 h, the charcoal is filtered,
the residue washed with 80 ml formic acid and then 175 ml formic acid are distilled off in
vacuo. Then 320 ml methanol are added and the mixture is heated ét reflux for 3 h. The
purified product precipitates from the reactioh mixture. The mixture is cooledto 0 -5 °C |
within 1 b, thien stirred 2 h at that temperature is finally fitered and washed with 80 mi cold



|

det act abl e anount) of anorphous form The follow ng Exanples illustrate the
invention without limting the scope thereof. Tenperatures are given in
degrees Cel si us (C). Exanples Exanple 1

2- Met hyl - 2- g{ net hyl - 2oxo- 8- qui nol i n-3-yl - 2,

3-di hydroW WP, 50] qui nol i n-1-yl)- phenyl]-propi oRCTABL087/684898 N~ N I n
a suitable lab glass reactor are placed 45.0 g of starting

2[ 4- ( 8- brono- 3- et hyl - 2- oxo- 2, 3- -16-

di hydr o-i m dazo[ 4, 5-cj qui nolin-1-yl)-phenyl ] 2-met hyl -propionitrile together
with 2.25 g of bistriphenyl phosphi nepal | adi um di chl oride in 445 ni

N, N- di me t t nd then spl ution
of 29 5 eiandl FRE e sealolhsballfe i FenelER B0 sl e e fepfialiscd 0"
H20 and eﬁlteglabls dKeDDs/ap@o atcﬁﬂ)éd: to Vieldspunifiedt 2rMethyb2-{ve(3-rmelthf/le@-oxd-8-qainols C.

;flﬁgt ﬁg?@ Zyi? g'ﬁf’n@d?&-n %]IQR dﬁ{ﬁﬂ#ﬁﬁnglpﬁqonitrile.

2, 3-di hydro-im dazo[4 5 c] qui nolin-1-yl)-phenyl]propionitrile precipitates.
The m xt i ooled within 1.5 hto 0 - 5 C. After stirring at that
terrperatm(gm CAES h the crude product is filtered and washed with 300 ni
H2O. Thi §-Brom@c-(2-nitrocinmylaming)-penzeic acid60 C for 18 h, to yield crude
product. 40 g of this crude prgguct is dissolved in 200 M formc acid at 60
C. 8 g of active charcoal and Snmopex 234 are added. The mixture is stirred
at 60 C for 1 h, theBrs Rs filtered, the residue washed with 80 ni
formc acid and then 178 forrPc a§ld are distilled off in vacuo. ‘Then
320 M nethanol are addé t m N ure is heated at reflux for 3 h. The
purified product precipitdtesNro he'@eaction m xture. The m xture is
cooled to 0 - 5C wthin 1 h,then stirred 2 h at that tenperature is
finally Al édsgé@éﬂorarw zsasghﬁb vmha) & fTiaﬁﬁHoCB M@ﬁ%&&@% (P4, UBgéHa 7/ 084893

-16 nmethanol. This recrésta i sat i ong'proce ur e |§ ea ed again. Finally

the twi c%w'lt{eé'? t g1 205G CAk é1r°i i stireg forlih apd \f eé‘?d @alution 8).$i 19| %
purified@28s I\v{‘iifhdil)/ bf Ritrbrhethdnd etiliRg, BéciisX SwhzéHanBPhdenadded over 10 min to an ice-

bath cooled mixture of 35 g of ice and 15.3 g (382 mmol) of NaOH. After stirring for 1 h at 0
°C and 1 h at rt, the solution is added at 0 °C to 28 g of ice and 42 ml of HCI (37%) (solution
B). Solutions A and B are combined and the reaction mixture is stirred for 18 hatrt. The

yellow precipitate is filtered off, washed with H,O and dried in vacuo at 40°C to give the title
compound. ES-MS: 287, 289 (M + H)’, Br pattern; 'H NMR (DMSO-de): 6 13.7-14.6/br s
(1H), 12.94/d (1H), 8.07/d (1H), 8.03/dd (1H), 7.83/dd (1H), 7.71/d (1H), 6.76/d (1H).
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3-yl-2,3-di hydro-im dazo[ 4, 5-c] qui nol i n-1-yl ) -phenyl ] propionitrile. Exanple
la 5-Bronp-2-(2-nitro-vinylamno)-benzoic acid OH Br OOIlI. NNO HA
suspension of 25 g (16 nmol) of 2-am no-5-brono-benzoic acid (Fl uka, Buchs,
Switzerland) in H20-HC (37% (10:1) is stirred for 8 h and then filtered
(sol ution Xg 06409 (255 mmol ) of nitromet hane (Fl ukaPCIBuS20es/08Bes t zer | and)
are added over 10 mn to an ice- bath cooled mxture of 35 g of ice and 15.3
g (382 mmol) of NaOH After stirring f-ag-1 h at 0 Cand 1 h at it, the
solution is added at O Cto 28 g of ice and 42 ml of HC (37% (solution
B). Solutions A and B are conbined and the reaction mxture is stirred for
18 h at A | low precipitate is filtered off, washed with H20O and
dried in V%M4OC to give the title conpound. ES-MS: 287, 289 (M+ H)*,
Br patt er 6:Bromo\3ARit¢dyd@olinH#:01813. 7-14. 6/br s (1 H, 12.94/d (1 H), 8:07/d
(1 H, 8A31dd (1 H, 7.83/dd (1 H, 7.71/d 6.76/d (1 H. WO
2008/ 064093 PCT/ US20071084893 -17- Exanple H% Br onp- 3-n
itro-quinolin-4-ol HO Br I \ \ Bip _N mrol ) of
5- brono- 2- (2-ni tro-vi nyl am no) - benzo ame 1a) and 11.9 g (121
mmol ) of potassium acetate in 129 n ) ) of acetic anhydride are
stirred for 1.5 h at 120 C. The preclp ¢ is filtered off and washed with
acetic acid until the filtrate is colorless, then is washed with H20 and
dried i n 2%gyd0t el ef §-heoma-2-(Znitenyisylanino)-benzgr: acid xampie 1anand H.9 g Br
pattern; @afdicetpotdsbibm degfate iR-128 {52 Fin8H offdcetiEXATatiGe b2 stirred for 1.5

h at 120 °C. The precipitate is filtered off and washed with acetic acid until the filtrate is

colorless, then is washed with H,O and dried in vacuo to give the title compound. ES-MS:

269, 271 (M + H)", Br pattern; analytical HPLC: t= 2.70 min (Grad 1).

Examgle 1 A .
6- Bromo-4-chloro-3 mtro-qumolme

20 g (74 3 mmol) of 6~bromo-3-mtro—qumohn-4-ol (Example 1b) in 150 ml (1.63 .mol) of
POCI, are stirred for 45 min at 120 °C. The mixture is cooled to rt and poured slowly into ice-
water. The precipitate is filtered off, washed with ice-cold water, and dissolved in CH,Cl,.
The organic phase is washed with cold brine, and the aqueous phase is discarded. After
drying over MgSO,, the organic solvent is evaporated to dryness to provide the title
compound. 'H NMR (CDCls): §9.20/s (1H), 8.54/d (1H), 8.04/d (1H), 7.96/dd (1H); analytical
HPLC: te= 4.32 min (Grad 1).

Example 1d
2-Methyl-2-(4-nitro-phenyl)-propionitrile

o=z



6- Bromp-4-chloro-3-nitro-quinoline C Q Br NIl 0- N20 g (74.3 muol) of

6- brono-3-nitro-quinolin-4-ol (Exanple 11b) in 150 mM (1.63.nol) of POCI3
are stirred for 45 mn at 120 C. The mixture is cooled to rt and poured

sl oW y i ntygot er. The precipitate is filtered off, washed with

i ce-cold m?gf()?mgdr?gé dissolved in CH2C12. The organic PHAYS200Z848Bheq wit h
cold brine, and the aqueous phase is discarded. After drying over MySO4,
the organic solvent is evaporated to d?%/'ness to provide the title conpound.
"H NVR (CDCI 3): 39.20/s (1H), 8.54/d (1H), 8.04/d (1H), 7.96/dd (1H):
analytical HPLC t,et=4.32 mn (Gad 1). Exanple Id

2- Met hy| -T2- 154 gn(B2.50mmio rof | (#-niroenhienyl)-acetdnitrildl (Fluka,\ Biahdl Sitzetiand), WB4 mg

2008/ 064 . 15 92 5 | f
(i 01 o (SRR ST defsr i ionih olchnide e Suthe Batparing) and 633,45(9085. 09
mol ) of mredl) eftiadgnhethanenin U6 mloofi ChCl Férel leddedBU § $250Snmbl) ©f NaoH)inae8 ml3. 3 g

305 j 1N 12 . d,10 .250 nmol f
N i n Dokl T HREEONHIR YT bidedor 30 AT, AL FugHihe.c inerosfetiC ajert "y °
Aft er thiseparated, driece overgMaSO.,| andeevaporatert feadainess. Thei essiduecis digsd@8d iand

" ; . : . . K ted

o bl ol Rtier 8RF Spated Yin btk hifpadt 1) B3 Hiebver EEllE i FE BBRA Yy 2" ©
vacuo t ovagupeogive the titlecorappyodag aopale: Yellawesolid | Andiytical IHRILC: AgaBya0iroialitesiPLC: t

= 3.60 ”k@f'éhqﬁ- (Gad 1). Exanple le
(2-(4- Am no- phenyl)-2-nethyl -propionitrile

Example 1e . ._
(2-(4-Amino-phenyl)-2-methyl-propionitrile

N
NN

H,N
16 g (84.1 mmol) of 2-methy|-2-(4-nitro-pﬁenyl)-propionitrile (Example 1d) and 4.16 g of
Raney-Ni are shacked in 160 mi of THF-MeOH (1:1) under 1.1 bar of H, for 12 h at rt. After
completion of the reaction, the catalyst is filtered-off and the filtrate is evaporated to dryness.
The residue is purified by flash chromatography on silica gel (hexane-EtOAc 31to1:2) to
provide the title compound as an oil. ES-MS: 161 (M + H)"; analytical HPLC: te= 2.13
minutes (Grad 1). ' ' .

Example 1f 4
2-[4-(6-Bromo-3-nitro-quinolin-4-ylamino)-phenyl]-2-methyl-propionitrile

N//)<@
NH

(o]
il
Br ~

S g
=

N

18 g (62.6 mmol) of 6-bromo-4-chloro-3-nitro-quinoline (Example 1¢) and 11 g (68.9 mmol)
of (2-(4-amino-phenyl)-2-methyl-propionitrile (Example 1e) are dissolved in 350 ml of acetic
acid and stirred for 2 h. After this time, water is added and the yellow precipitate is filtered off

| and washed with H,O. The solid is dissolved in EtOAc-THF (1:1), washed with sat. aqueous
NaHCO; and dried over MgSO,. The organic phase is evaporated to dryness to give the title



N HZN 16 g (84.1 mol ) of 2-methyl-2-(4-nitro-phenyl)-propionitrile
(Exanple 1d) and 4.16 g of Raney-N are shacked in 160 m of THF- MeOH (1:1)
under 1.1 bar of H2 for 12 hat it. After conpletion of the reaction, the
cat al yst off and the filtrate is evaporated to dryness

resi due |s‘§%f6?0:849g4ro%dby fl ash chromatography on silica g&t/ éH@é&q‘fé”Et QA 3 1
to 1:2) to pI’OVI de the title corrpound1§s an oil. ES-Ms: 161 (M+ H';
analytical HPLC. "t,,= 2.13 mnutes (Gad 1). Exanple if 2-[4-(6-Brom

0- 3-ni tro-qui nolin-4- yI am n o0)- phenyl) 2- met hyl - propi onitrile Ni aNHII.
Br \ NNp N 18 (62.6 mol ) of 6-bronp-4-chloro-3-nitro- c‘umoline(ExarrpIe
1c) and 1°PMpopmBas a yalew)solié ES-MSy 41hm13oMoh iy IBr-rattems; BpalyisabBPLGI tei | e
(Exanpl e 3lg9 mi¥ @&rab $50l ved in 350 ml of acetic acid and stirred for 2 h.
After this time, water is added and the yellow precipitate is filtered off
and washed with H2O The solid is dissolved in EtOAc-THF (1:1), washed with
sat. aquebxamplégiCO8 and dried over MySO4. The organi c phase is evaporated
to drynesg\[\; O&RI ve the title 2008/ 064093 PCT/ US2007/ 084893 -19 conpound
as a yell mipo-g-Bremo-apinolinryamipo)-phenyl] BT'"?!BYHHPH'”&H&H ytical HPLC
tt= 3.69 mn (Gad 1). Exarrple 1st
2-[ 4{ 3, - Ani no- 6- br onp- qui nol i_p<
NH Br \ NH2 N 24 g (58.4 rﬁml)
2-[4-(6-brono-3-nitro-quinolin-4
(Exanple le) is shacked in 300 B
the presence of 8.35 g of Raney-
reaction, the catalyst is filtered>of

24 g (58.4 mmol) of 2-[4-(6-bromo-3-nitro-quinolin-4-ylamino)-phenyl]-2-methyl-propionitrile
(Example 1e) is shacked in 300 ml of MeOH-THF (1:1) under 1.1 bar of H, in the presence
of 8.35 g of Raney-Ni for 1 h. After completion of the reaction, the catalyst is filtered off and

'no)-phenyl]-2-rrethy|-propl intrl I‘e \

-yl"am¥o) =phenyl ] - 2-net hyl -propionitrile
MROHTHF (1: 1) under 1.1 bar of H2 in

rJI h. After conpletion of the

and

the filtrate is evaporated to dryness to give the title compound as a yellow foam. ES-MS:
381, 383 (M+ H)", Br pattern; analytical HPLC: te= 3.21 min (Grad 1).

Example 1h |
2-[4- (8-Bromo-2-oxo-2 3-d|hydro-|m|dazo[4 5-c]qumoI|n-1 -yI)-phenyI]-Z-methyI-
propionitrile

(o]

-

N/
A solution of 5 g (13.1 mmol) of 2-[4-(3-amino-6-bromo—quinoIin-4-y|arhin6)-phehy|]-2-
methyl-propionitrile (Example 1g) and 1.59 g (15.7 mmol) of triethylamine in 120 ml CH.Cl,
is added over 40 min to a solution of 2.85 g (14.4 mmol) of trichloromethy!l chloroformate
(Fluka, Buchs, Switzerland) in 80 ml of CH,CI; at 0°C with an ice-bath. The reaction mixture
is stirred for 20 min at this temperature then is quenched with sat. aqueous NaHCO;, stirred
for 5 min and extracted with CH;Cl,. The organic layer is dried over Na,SQ,, filtered and
evaporated in vacuo to give crude title compound as a brownish solid. ES-MS: 407, 409 (M +
H)", Br pattem: analytical HPLC: o= 3.05 min (Grad 1). ‘ |



[

the filtrate is evaporated to dryness to give the title conmpound as a yel |l ow
foam ES-Ms: 381, 383 (M+ H)', Br pattern; analytical HPLC. tg= 3.21 mn
(Gad 1). Exanmple | h 2-[4-(8-Bronp-2-0x0-2,3-d ihyd ro-imdazo[ 4, 5-c] qui nol
in-1 -yl)-phen I3-2-n'ethyl- propionitrile o / NH N A solution of 5 g (13.1
mol ) of 2 W290¥640%3n0- 6  br ono- qui nol i n- 4- yl ani no) - phenBCT/UL2007/084893

nmet hyl -propionitrile (Exanple 1g) and 1.59 g (15.7 nmol) of triethylamne in
120 M CHzClZ is added over 40 min to2@-solution of 2.85 g (14.4 nmol) of
trichloronethyl chloroformate (Fluka, Buchs, Switzerland) in 80 m of
CH2Cl 2 at OCwith an ice-bath. The reaction m xture is stirred for 20 mn
at this tgmﬁéﬁtwre then is quenched with sat. aqueous NaHCO3, stirred for
5 mn and extracted with CH2Cl 2. The organic |ayer is dried over Na2SO4,
filtered 2rd-(8-Bromermethyi-3-oxecdddihydeg-imidazol4i6-clquinelin:tiyfiephedyl2- a br owni sh
sol i d. ESmRthyl-propionibYe(M + H)', Br pattern; analytical HPLC. t,~t= 3.05
mn (Gad 1). WO 2008/ 064093 PCI/ US2007/ 084893 -20- Exanple Ii 2-[4-(8-Brom
0- 3- net hyl - 2- oxo- 2, 3-di hydw& 1§ idazo[ 4, 5-c] qui nol i n-1-yl)-phenyl]-2-
met hyl -propionitrile Br N To a g tion of 3.45 g (8.47 mmuol) of

2-[ 4- (8- br ono- 2- oxo- 2, 3- di hydr o- Mdagd| 4, 5-

c] qui nol i n-l-yl)-phenyl]-z-n%thyl -p ‘o‘gj_gnitri |l e (Exanple th), 1.8 g (12.7
mol ) of iodomethane (Fluka, XYSwi t zerl and) and 273 ng (0.847 mol ) of
t et rabut yl ammoni um brom de (Fl uchs, Switzerland) in 170 m of CH2C 2
I s added a solution of 508 ng (12.7N mol ) of NaOH (Fl uka, Buchs,

Swi t zer | aral)a isoluén ndf 8#45Hg O8.4Thenmatp o | B{4-@ibrdio-2-dxe-53-thydre-imidazo[2 5day s

and 900 rgdtfir%li%ﬁ -yqﬁale)nyl?-g-rri\e(?%?-%p%%{tﬁe a?l‘:jxa%'lSpAl'e rth)(, 6'1?85 rgm% %.7Ofmn|1\joal)0_lo} n oS
iodomethane (Fluka, Buchs, Switzerland)-and 273 mg (0.847 mmol) of tetrabutylammonium -
bromide (Fluka, Buchs, Switzerland) in 170 ml of CH.CI; is added a solution of 508 mg (12.7
mmol) of NaOH (Fluka, Buchs; Switzerland) in 85 ml of H,O. The reaction mixture is stirred
for 2 days and 900 mg (6.35 mmol) of iodomethane and 254 mg (6.35 mmol) of NaOH in 5
ml of H,O are added. The reaction mixture is stirred for 1 day at rt . After this time, the
reaction is quenched with H,O and extracted with CH,Cl, (2x). The organic layer is washed
with brine, dried over Na,SO,, filtered and evaporated in vacuo to give the titie compound as
a beige solid. ES-MS: 421, 423 (M .+AH)*, Br pattern; analytical HPLC: t.o= 3.15 min (Grad 1). -

Example 2
2-Methyl-2-[4-(3-methyl-2-0x0-8-quinolin-3-yl-2,3-dihydro-imidazo[4,5-c]quinolin-1-yi)-
phenyl]propionitrile p-toluenesulfonate salt

26.5 g of 2-Methyl-2-{4-(3-methyl-2-oxo-8-quinolin-3-yl-2,3-dihydro-imidazo[4,5-c]quinolin-1-
yl)-phenyl}propionitrile are placed together with 55 ml formic acid into a glass reactor. This
mixture is heated to 60 °C to get a clear solution. This soldtion is clearfiitered and washed
with 36 ml formic acid. Then formic acid is distilled off until the vbldme of the residual
solution is 55 mi. Then a solution of 11.3 g 'of.p-toluenesulfonic acid in 228 mi acetone is
added at 50 °C, followed by further addition of 822 ml acetone within 30 minutes. The salt
precipitates from the reaction mixture. The mixture is cooled to 0 °C within 2 h, stirred at that
temperature for 3 h, is then filtered and washed with 84 mi acetone. The product’is dried at
60 °C in vacuo for 18 h to yield 29.8 g (82.4 %) of the 2-Methyl—2-[4-(3-methyl-2-oxo-8-
quinolin-3-yl-2,3-dihydro-imidazo[4,5-c]quinolin-1-yl)-phenyl]propionitrile  p-toluenesulfonate

salt (crystalline form A).



m of H20 are added. The reaction mxture is stirred for 1 day at rt After
this time, the reaction is quenched with H20 and extracted with CH2Cl 2
(2x). The organic layer is washed wth brine, dried over Na2SO4, filtered

and evapor cuo to give the title conmpound as a beige solid. ES-MS:
421, 423 (%52@8@&]40%@& pattern; analytical HPLC t,e, =PSTAS2007/848% ad 1) .
Exanple 2

2- Met hyl - 2-[ 4- ( 3- met hyl - 2- oxo- 8- qui nol £h= 3- yl -2, 3-di hydro-im dazo[ 4, 5-c]quin
olin-1-yl)- phenyl]propionitrile p-toluenesulfonate salt 26.5 g of

2- Met hyl - 2-[ 4- (3- met hyl - 2- oxo- 8- qui nol i n- 3-yl - 2, 3-di hydro-i m dazo[ 4, 5-c] qui n
ol i n-1- yihe-grysialing feroysi ofnther preserdrieveptierc @t tsputhedimed ini adcofianog Withr thiec aci d
into a gl ; ' ) ' . r

Sol ut | on, KGR Bles whithre MLl hibul FALANE Qpdte Sribep Ot SR . ocia

Then formc acid is distilled off until the volune of the residual solution

is 55 m gyl # solution of 11.3 g of p-toluenesulfonic acid in 228 ni
acet one T%m at 50 C, followed by further addition of 822 ml acetone

wi t hi n 3@repasatiarsof fong A of 2-methyk-2i[#i(3-methyl2raxor8-fuinolindtyl-@8-dihydnore. The

m xture ks: ] £ W\t D 3 LL.red at that tenperature for 3 h,
I's then f'ﬁld?g%g'dgﬁgi"\(%gﬂ\é\w %M@Qoﬁﬁhgég’tone. The product'is dried at 60
C i n vacforni rof ¢gnpound I\zae be nRaufactyredd® the followirfg waye 241 g of free base are

2- Met hyl 42z hids =2 - ° . : .

qui nol i n-d %sé}fao&f’%@%ﬂ%gs@aﬁn@ a';rcr;f' Zfo EP% 'cs]tj:lleralcrﬂltlerr?Ej 1v-v§/7r5eg&'1tgr%§9f1pl)ra 8ept=coni trile.
p- t ol uenesidiand theneat 58 aC 7.2 Iof water pre) added.grhe fiRe. bavestade 8regpitatdg. The -

PCT/ US2004 48 458bled ithinl 1R 1654/ &, A thbhfindréd B Ahsrlol ith1183 00, frigvgy T on ar
synt hesi zed in accordance with the follow ng exanples ich are :

i |1 ust r aPaseds {enisigd in Yasue ph3P itheves pightdo yield 4 grefdeasriasenventi on.  Exanpl e -
3: Preparation of form A of 4 : : :

2- met hyl - 2-[ 4- ( 3- met hyl - 2- oxo- 8- qui nol i n-3-yl -2, 3-di hydro- im ,
i dazo[ 4, EXaMBlei43io| i n- 1-yl ) - phenyl ] -propionitrile Form A of conpound | can be

manuf act pg rétrbmgo#.ﬁld SHU-REthIRY.[4-BrhethyP2-oxoSEq RS Hn-3 ﬁ-z,sddiﬁi&’:'o‘-’ed"z- 41

[
acetic acid at 50 C. The solution'is clearfiltered, washed with 250 ni :
acetic Ueidazeld§-cladinolin-1ad)-rhepyll-propipnitfilecr are added. The free base starts

preci pi t glay @_Sbtf ;\rzgga?&hgﬁégsgnﬁ I§?@CHPJCQS‘ ik & _Péd%tc% é&r?eﬁ%_r ah ©miioPfdriRacld | tered

]
and washed wi _ e free base is_t dried I.n vacuo at 50 C over
ni ght t oTYg Bidure ishegtesito fPcE tpgeta clear solution. Then 5.2 mi of methanol are added.

The mixture is heated at 65 °C for 2 h. Compound | starts to precipitate (the formic acid is™
esterified to the corresponding methylester under these conditions). The mixture is cooled to
room temperature and is stirred at room temperature for further 2 hours. Then the precipitate
i filtered, washed with 2 ml methanol-and dried in vacuo at 60 °C for 17 h to yield form B of

compound |.

- Example 5: .
Preparation of form C of 2-methyl-2-[4~(3-methyl-2-6xo-8-quinolin-3-yl-2,3-dihydro- '
imidazo[4,5-c]quinolin-1-yl)-phenyl]-propionitrile '
Compound | changes its 'polymorphic' form after equilibratiori in different solvents (slurry
experiment with approx. 20 mg sample and 0.5 ml solvent at 25°C for 24 hours equilibration -
time (with agitation)). In methanol, methanol/water, DMF, ethanol, ethylacetate and THF the

new form C can be observed.

- Compound | (0.94 g) is added to 14 ml ethanol and heated to 62 °C. Then 3 ml of formic
acid are added to get a clear solution. The mixture is stirred 2 h at 62 °C, whereby the free
base starts precipitating. The mixture is cooled to room temperature, is stirred at room



Exanpl e 4: Preparation of form B of
2- et hyl - 2-[ 4- (3- net hyl - 2- oxo- 8- qui nol i n- 3-yl -2, 3-di hydro- i m dazo[ 4;
5-c]JgUnol i n-1-yl)-phenyl]-propionitrile 0.47 g of free base (compound 1)

are pl acedyhRiRogyob£actor together with 2 nl of formc mxture is
heated to 60 Cto get a clear solution. Then 5.2 m of Pﬁ@%‘ﬁé"r‘?ﬂ?”“ e added.

The m xture is heated at 65 C for 2 h. npound | starts to precipitate (the
formc acid is esterified to the corré pondi ng net hyl ester under these
conditions). The mixture is cooled to roomtenperature and is stirred at
roomtenperature for further 2 hours. Then the precipitate is filtered,
washed witemperatyre foe2ifcheurs andds thenditteried off athediltat cake itheo washedwithod miiekd form

2- ot hyl Bt AT ey BRI 8 oo Bt € of compounto 4. 5. cp

ui nolin-1-yl)-phenyl]-propionitrile Corrpound | changes its polynmorphic form
after eq ‘Alﬂehﬂ'h?é d)} &ﬂnbd?mg I fsfd?is%l%d ﬁ%#@@%&d Qgéd‘ﬁ:r dearfitd?ed ?ﬁ%ﬁ\%n \‘Heﬁft‘én@f)pr 0X.

20 nmg sanpl e an sol vent ours equi ration

(with agiit a<ﬂqedné\f)ter #lﬁlneé@rr%mrs atf5f Gthe Mixpie ésr coolenifto r@trmMmerat@rahtye ac et ate
and THE thgis fmemdf&am&éaw.tmeeeaa%emou @mnﬁclofegm%uml I's added to 14

m ethanol and heated to 62 formc acid are added to get a
cl ear solution. The m xture |s stlrred 2 h at 62 C, whereby the free . base

starts prg;% |49.t|ng The m xture is cooled to roomtenperature, is stirred
at room 37064093 'PCTI US2007/ 084893 - 22 tenperature for 2.5 hours and

i s then fArepasatien of formihef 2matayl-2ci4nd-methyliR=prandraninelini3-H-53dihydee  col d |
et hanol qmﬂ, LRS- Naufifdlin M -ViReHEn qithler night, to-obtain form C of
conmpoun @ A?f egr?alﬁ?)v'e yﬁgg y?f-;g@Pm ' ?essol ved in formc acid at 60Cl

clearfil &OQIPOH'FRJI' Qhﬁéaesm&mmrphw @T@(ﬁﬁéﬂequﬂbfaélpn i ditferppigoivents Islyaur s at  65C,
the m Xt WSerinfent @ sﬁbrbp zbmérﬁﬂ@sa@bsrnﬁ ,somﬁ at §§’|dfol' 54 fmbdr% ea&-af_ibratm washed

with ice cold nethanaol yield form C of npound | . . Preparation
of form BMgfwih ?@Pﬁ?’l’» 20 F@Pf@BaWﬁé?ﬁﬁ‘l’Wezﬂﬁ'}@dlﬁS’faUm Pcﬂaﬂrﬁ’ﬁybﬂfy?d 3-di hydr o-
I m dazo[4 5--c] C]UI nolin-1-yl)-phenyl]-propionitrile

Example 7:

Preparation of form Ha of 2-methyl-2-[4-(3-methyl-2-ox0-8-quinolin-3-yl-2,3-dihydro-
imidazo[4,5-c]quinolin-1-yl)-phenyl]-propionitrile monohydrate '
-This compound is obtained after crystallization by slow solvent evaporation from DMF -

solution at room temperature.

Example 8:

Preparation of form A of 2-methyl-2-[4-(3-methyl-2-0x0-8-quinolin-3-yl-2,3-dihydro-
imidazo[4,5-c]quinolin-1-yl)-phenyl]-propionitrile monotosylate
2-methyl-2-[4-(3-methyl-2-oxo-8-quinolin-3-yl-2,3-dihydro-imidazo[4,5-c]quinolin-1-yl)-
phenyl}-propionitrile (compound of formula 1) is dissolved in formic acid at 56°C and the
resulting solution is clear filtered. The filtrate is then concentrated and a solution of p-
toluenesulfonic acid (1.05 eq) in acetone is added within 30 minutes. After 25% and 50% of
the addition volume, the mixture is seeded to initiate crystallization. A further amount of -
acetone is added and the suspension is cooled down to 0°C. The crystaliized product (form
A of compound | monotosylate) is collected by centrifugation and dried at 60°C under

vacuum.



Compound | changes its polynorphic formafter equilibration in different
solvents (slurry experinent with approx. 20 ng sanple and 0.5 m sol vent at
25C for 24 hours equilibration time (with agitation)). In isopropanol as
solvent the new form D can be observed. Exanple 7: Preparation of form HA of
2- met hy| - Y9 2008864085 hy| - 2- oxo- 8- qui nol i n- 3-yl - 2, 3- di hy BEBUS2007/084893

I m dazo[ 4, 5-c] qui nolin-1-yl)-phenyl]-propionitrile nonohydrate This conpound
is obtained after crystallization by sk®w sol vent evaporation from DVF
solution at roomtenperature. Exanple 8: Preparation of form A of

2-met hyl - 2-[ 4- (3- et hyl - 2- oxo- 8- qui nol i n- 3-yl - 2, 3-di hydr o-

I m dazo[ 4ganmiglyi nol i n-1-yl)-phenyl ] -propionitrile nonotosylate

2- met hyl -Z=12-(3- et hyl - 2- oxo- 8-qui nolin-3-yl -2, 3-di hydro-imdazo[4,5-c]q u
i nol i n- 1-Rreparatioe of fqrmpB of 2onethy|i2-f4-(8 avethylcdrox®8-quivatint-3y!-2,34dihydre-sol ved i n
form c agj :ﬁl’}%‘ r | nd. ' | ear filtered. The
filtrat eQ:ILngda?hgg@-gjo (':ergftnPE 'é'gﬁgwﬁ'g&ga%ﬁﬁﬁ%ﬁgg?b%yﬁkeoI uenesul fonic acid

(1. 05 eq)A phesadrensfaenation afifded Avrepared 8 ordingto Examplettcto apbiteacrystaliit®o of t he’
addi tion ) i LRt talkization, A .

Furt her o ey b fafibd o oo BEERERk M Iohokldlnes SRAR AL IBR AR B, 1o oc
The cr ystbgldetected ipthecresesgandinhDSE. dhe trengfonmation isrevansibleals dound biyDSDI | ect ed -

by centri ?gg,g ' : I’Higﬁ}c 2008/ 064093

PCT/ USZOOe% 0 4é 3F€f}g§?idg§g:ﬁrgf86&8:§agr% ﬂ%@f) gi‘@‘gn of form B of

2- met hyl - 2-[ 4- ( 3- met hyl - 2- oxo- 8- qui nol i n-3-yl - 2, 3-dl hydr o-

i m dazo[ Examplé4p:nol i n-1-yl)-phenyl | -propionitrile nonotosyl ate A phase

t ransfor - form A prepared according to Exanple 8 to anot her

cryst al | iPneparatiomef formthhcof 2ometinh2-M-{2omethel-2-ox0-8squinoline3wead, 3adihydroper at ur es
above 70¢ |5 £C _4.he ﬁl@,{@_ . L0 | . -The - .

t ransf or %Ha g%ﬁi%arag@gﬁgﬂbﬁgpas g’ffﬁﬂ'@@"k@@@%’g?ﬁ%ﬁ?@% orgm A and Form B
have an émalirated solplian efspappundsiivitpsylats inthanollacetanedpdi ean bmussd i aistlowHA of

2- met hyl 58drt elabdi@ioR ¥experinier af2te T foRnation of Single TSN GFcompound 1

monotosylate monohydrate (form Hs) has been observed and the single crystal structure

could be calculated.

Example 11:

Preparation of form Hg of 2-methyl-2-[4-(3-methyl-2-0x06-8-quinolin-3-yl-2,3-dihydro-
imidazo[4,5-c]quinolin-1-yl)-phenyl]-propionitrile monbtdsjlate dihydrate'

By equilibration experiment of compound 1 ditosylate in water (after 3 days time) at 25°C the
formation of single crystals was observed. The crystal structure could be determined and
was calculated to be compound | monotosylate dihydrate (form Hg).

Example 12:

Preparation of form S, of 2-methyl-2-[4-(3-methyi-2-ox0-8-quinolin-3-yl-2,3-dihydro-
imidazo[4,5-c]quinolin-1-yl)-phenyl]-propionitrile monotosylate diformic acid solvate
The single crystal structure of compound | monotosylate diformic acid solvate was
determined by X-ray diffraction (modification S,). Suitable single crystais were obtained by
equilibration of compound | monotosylate in acetone/formic acid 11 (v/v)) solvent mixfure at
50°C after cooling down to room temperature. The stoichiometry of this salt could be
determined to be 1:1.7 (compound | p-toluenesuifonate salt/formic acid). The stoichiometry
has been calculated to be 1:1.7 but as one solvate molecule is disordered it seems to be that
a stoichiometry of 1:2 is probable. Due to the possibility for formic acid to leave the structure

stoichiometric ratios below 1:2 are observed.



I m dazo[ 4, 5-c] qui nolin-1-yl)-phenyl]-propionitrile nonotosyl ate nonohydrate
A saturated solution of conpound | ditosylate in ethanol/acetone (1:1) can
be used in a slow solvent evaporation experinent at 25C. The formati on of
single cr onpound | nonotosyl ate nonohydrate (form HA) has been
observed ?’f?\%laé /g&fg?sﬁgl e crystal structure could be caPENUaR8HIB4Fanpl e 11:
Preparation of form Hs of

2-met hyl - 2-[ 4- (3- met hyl - 2- oxo- 8- qui nol $473- yl -2, 3-di hydr o-

i m dazo[ 4, 5-c]quinolin-1-yl)-phenyl]-propionitrile nonotosylate di hydrate By
equi libration experinment of conpound | ditosylate in water (after 3 days

ti nme) at Exambpltent3: formation of single crystals was observed. The crystal

structure _coul d be ulated to ound |

nonot osy?é p@'ﬁ‘f‘ﬂwl‘r (i(ﬁr’?o#] f—i'w g'[ﬁ\,\%ﬁﬁ?@' %?’mﬁr ~ayinplin- Saﬁ%g‘&'f‘&"ﬂ SA of

2- _m;t hyl[119g{aﬁo[@;}-ﬁ]qltlh)blln-a-y])@h&qubraﬁibhﬂrl@-dﬁos?lafe di hydr o- | gt

i m dazo c no en itrile npnotos ate iformc
acid sol S}m a]s%']i.glog %’Pééf gP'"é?%ﬂ@ Fe@?egf wib aRAssieae solvBenef oBylate

di ;or m thmgdlnd saltﬂmtfaécﬁid (V25 eqjetheﬂmwhcbonempmﬁuﬂ també isalate(drrasi?f i cati oncI

SA). Suita e c S wer ration, of conpound |
monot ooy Pared cfbRItbaT SRRt o e M s g BeiRast R rePiiodvat” Boc
after cosdlt.ng dovvn to roomtenperature. The stoichionmetry of this salt could
be determned to be 1:1.7 (conpound | p-toluenesul fonate silt/formc acid).

The stoichionetry has been calculated to be 1:1.7 but as one solvate
nmol ecul eThecampmnd ¢ditfebylate saltchas initial lves bindtyingaf 01486 (Lpitort¥00). DSC Hata i s

probabl Csh 4 £ qr the structure
0t of chi ot e RaflfarBRricae b Y myd bl il b B s
PCT/ US2007/ 084893 -24- Exanple 13: Preparation of formA of S
2-met hyl p2- 43: met hyl - 2- oxo- 8- qui nol i n- 3-yl - 2, 3- di hydr o- :
i m dazo[#éhw, - nolin-1-yl)-phenyl]-propionitrile ditosylate When a
soI ut i oanfpatatiwpcnirﬁcrm Hi of 2amethyl-23f4+-(3-methylk2:ox e 8-quindlinaly b2, 8«dihydres-ol ut i on of

- tolue f conpound | can be
| soI at edﬁl{ﬁdgﬂ)[Ig ‘i“'ﬁg'?:'féé!;’ %H? @'}’{/&s‘pg"iﬂ'lhégﬁ X%\ﬂ;t? tﬁﬁﬁrﬁg not her |iquor after
filteringroofd saturatedisobitiors g1 compound | ditosylate salt in dichiormethane/methanol (1:1

(v/v)) mixture the compound | ditosylate trihydrate form (modification Ha) could be observed

and single cfystals were found.

Example 15:

Preparation of amorphous 2-methyl-2-[4-(3-methyl-2-0x0-8-quinolin-3-yl-2,3-dihydro-
imidazo[4,5-c]quinolin-1-yl)-phenyl}-propionitrile monotosylate ‘

Amorphous material has been produced by spray drying of compound | monotosylate. The
glass transition, Tg, has been observed by DSC at approx. 128°C. After recrystallization at
approx. 175°C the substance melted at approx. 279°C with an melting enthalpy of approx.

65 J/g.

Example 16: , _

Preparation of form S of 2-methyl-2-[4-(3-methyl-2-0x0-8-quinolin-3-yl-2,3-dihydro-
imidazo[4,5-c]quinolin-1-yl)-phenyl]-propionitrile monotosylate diformic acid solvate
monohydrate '

The single crystal structure of compound | monotosylate diformic acid solvate monohydrate
was determined by X-ray diffraction (modification S¢). Suitable single crystals were obtained
by equilibration of compound | monotosylate in methylisobutylketone/formic acid (1:1 (v/v))
solvent mixture at 50°C after cooling down to room temperature. ‘



salt. The conpound | ditosylate salt has initial [oss on drying of 0.4% (up
to 140C). DSC data showed a nelting at approx. 262C with a nelting enthal py
of approx. 93 J/g. Exanple 14: Preparation of form HA of

2- met hyl - ngﬁ met hyl - 2- oxo- 8- qui nol i n-3-yl -2, 3- dhydr o-

i m dazo[ 4, &w]ﬂ@?ln 1-yl)-phenyl] - proplonltrlle di t FOWER07OB48R3 dr at e
From a saturated solution of conpound | ditosylate salt in

di chl or net hane/ net hanol (1:1 (vlv)) m&t-ure the conpound | ditosylate
trihydrate form (nodification HA) could be observed and single crystals
were found. Exanple 15: Preparation of anorphous

2- met hyl - 2-[ 4- (3- et hyl - 2- oxd=8- qui nol i n- 3-yl - 2, 3-di hydr o-
inidazo[4l5-c!@3|nolln 1-yl)-phenyl]- proplonltrlle monot osyl at e Amor phous
mat eri al produced by spray drying of conpound | nonotosyl ate. The

gl ass tr apgdpaition ofdorm 85 obﬂ-‘ﬂibt?ﬁ%[@’(@dné’tﬁylfﬁ&&B RISy 128 ihydfs-er

recrystallization at 5C the substance nelted at approx. 279C with
an nelti ntj“'éﬁ%‘?[&ﬁrﬂq‘HP°‘§?}BTVBSP"°“$%'PH9F§°“'E¥SHiﬂ'@t‘l%'atﬂd@ﬁﬂ'&?f:@rﬁ%‘fat? orm Sc
of 2-met h‘YI'\e anélécﬁystanaﬁdawre af&moﬁnauhasdtbsma% aracé.c%cadlsbwd@cwas -

i m dazo[ 4, 5-c] qui nolin |on|tr| e nonot osyl ate dlfornlc

acid sol végt gmlwmyé{dqutpg (E‘Pﬂ'é‘l’aéw tSéntab;q fiogle Grrygtagqugg RpSingd by

nonot osy| gdufibetitioR oftdmpying | mhmaéﬁhtérm&wrsamylkewﬁe@&me aoH e () X-ray
dlffractlon nDdlflcatl C Sui.t abl e si gle crrstals wer e obtalned by

n S
equi | i br a39sRt BPtwe ahel daﬂler 189 gawn torgom % sobut yl ket one/ formi ¢ aci d
(2:1 (v/v)) solvent mxture at 50C after coollng down to roomtenperature.
WO 2008/ 064093 PCT/ US2007/ 084893 -25- Exanple 17: Preparation of form Sa of
2- met hyl - 2- 4- (3- met hyl --2- oxo- 8- qui'nol i n- 3-yl - 2, 3-di hydr o-
i mdazo[ 4, 5-c] qui nolin-1-yl)-phenyl]-propionitrile nonotosylate diacetic
acid solvate The single crystal, structure of conpound | nonotosyl ate
di acetic acid sol vate was



determned by X-ray diffraction (nodification Sc). Suitable single crystals
were obtained by equilibration of conpound | nonotosylate in

met hyl i sobutyl ket one/acetic acid (1:1 (v/v)) solvent mixture at 50C after
cooling d 260800 @Q{n tenperature. WD 2008/ 064093 PCT/ US2007/ 084893 - 26-
Wat s cgﬁ?rred]g 1. Acrystalline formof the conpolh/UStF 8t a I N

(), or of a hydrate or sol vate of th compound of formula I, or of a salt
of the compound of fornula |, or of a %ydrate or solvate of a salt of the
compound of formula I. 2. Compound | according to claim1 in crystalline

formA. conpound according to claim2 which shows on X-ray diffraction
a peak at—%ﬁi—%ﬂgﬁﬁ—dﬂ diffraction 2Theta of 8.4 +/- 0.3. 4. Conpound |
according to claiml in crystalline formB. 5. A conpound according to claim
3 which shws on X-r diffraction a peak at an angle of diffraction 2Theta
of 6.9 +/% G'@ta"@e f%a%ﬁdmepmp%eeaﬁarrngjaﬂo claim1in crystalline formC. 7.
A conmpound according to claim6 whjchxshows on X-ray diffraction a peak at
an angle of diffraction 2Theta offA%4.7 +/- 0.3. 8. Conmpound | according to
claiml in crystalline formO. 9. gnpound according to claim8 which
shows on X-ray diffraction a peak 3§ ) angle of diffraction 2Theta of 23.9
+/- 0.3. WD 2008/ 064093 PCT/ USZOO?/ 84993 027 10. A nonohydrate of conpound

| according to claiml pLAELY 11. A conpound according to
claim 10 whi ch shows on peak ‘at an angle of diffraction
2Theta of 17.6 +/- 0.3.

akgrsart of conmpound | according to
claiml1 in crystalline form 13.

according to claim12 in crystall rqeA
claim 12 or 13 which shows on X-ray dif

Z

P A 14. A conpound according to
raction a pedk. at an

or of a hydrate or solvate of the compound of formula |, or of a salt of the compound of
formula I, or of a hydrate or solvate of a salt of the compound of formula |.

2. Compound | according to claim 1 in crystalline form A.

3. A compound according to claim 2 which shows on X-ray diffraétion a peak at an angle of
diffraction 2Theta of 8.4° +/- 0.3°.

4. Compound | according to claim 1 in crystalline form B.

5. A compound according to claim 3 which shows on X-ray diffraction a peak at an angle of
diffraction 2Theta of 6.9° +/- 0.3°.

6. Compound | according to claim 1 in crystalline form C.

7. A compound according to claim 6 which shows on X-ray diffraction a peak at an angle of
diffraction 2Theta of 14.7° +/- 0.3°.

8. Compound | according to claim 1 in crystalline form D.

9. A compound according to claim 8 which shows on X-ray diffraction a peak at an angle of
diffraction 2Theta of 23.9° +/- 0.3°.



angle of diffraction 2Theta of 5.7 +/- 0.3. 15. A conpound according to
claim12, 13 or 14 which shows on X-ray diffraction peaks at an angle of
diffraction 2Theta of 5.4 +1- 0.3; 5.7 +l- 0.3 and 17.2 +/- 0.3. 16. A
conpound } o claim12 or 13 which shows an X-ray diffraction

di agr am 2‘2@2?{?{‘@9?@ as outlined in Fig. 6. 17. A nonoP&I(HSZ0L08489% of
conpound | according to claim12 in c‘r/\zstal line formB. 18. A conpound
according to claim12 or 17 which showd’ on X-ray diffraction a peak at an
angle of diffraction 2Theta of 5.8 +/- 0.3. 19. A conpound according to
claim12, 17 or 18 which shows on X-ray diffraction peaks at an angle of
diffraction 2Theta of 5.8 +/- 0.3; 17.8 +/- 0.3 and 18.7 +1- 0.3. 20. A
nonohydr gt.e, of the nptosyl ate salt of compound | according to claim1l1 in
crystall ﬁheA "‘PB?’M“L&‘?°§i9ma/§”8§ﬁﬁ%93wﬁ{‘9a‘88@¥ﬂﬁﬁ’bcvﬁa&!ﬁ‘%ﬁ’w%- whi ch shows on
X-ray diffraction a peak at an angle of diffraction 2Theta of 6.5 +/- QY.
WO 2008/ Q64093 PCT/ US200.7/ 084893, - 2 2. A d hydrate of th not osyl at e
sal ¢ of dbbOUmRPIO ZCaAaR R 19 With S Sooy Y ifesleR amsphal e snse
conpound aofdiffrdctivn 2Thetd ofi1he22/-W8°ch shows on X-ray diffraction a peak at an
angle of diffraction 2Theta of 6.9 +1- 0.3. 24. A difomic acid solvate of
t he nonot osyl ate salt of conpound | according to claiml1l in crystalline

f or m SA. 125 ménatosylaie salt afccoopdiumdyl dasordingitorciditn Win aystalliredermon X- r ay
diffraction a peak at an angle of diffraction 2Theta of 5.8 +/- 0.3. 26. A
ditosylate salt -of conpound | according to claiml in crystalline form 27.
A di t osyNatAemondtosydte saltpimoempoundalcassordingdo tlaint 1 2inror@aliine fomyAt al | i ne form A
28. A conpound according to claim 26 or 27 which shows on X-ray diffraction
a peak at an angle of diffraction 2Theta of 22.4 +1- 0.3 29. Atrihydrate
of the dil4.dsganposind abgording toosigimuiopr 113 adichrstipvigon ¥-ray diffraction a peaksatianl | i ne

form HA angie of diffraction 2Theta of 5.7° +/- 0.3°.

‘

15. A compound according to claim 12, 13 or 14 which shows on X-ray diffraction peaks at
an angle of diffraction 2Theta of 5.4° +/- 0.3°; 5.7° +/- 0.3° and 17.2° +/- 0.3°.

16. A compound according to claim 12 or 13 which shows an X-ray diffraction diagram
essentially as outlined in Fig. 6. o

17. A monotosylate salt of compound | according to claim 12 in crystalline form B.

18. A compound according to claim 12 or‘17 which shows on X-ray diffraction a peak at an
angle of diffraction 2Theta of 5.8° +/- 0.3°.

19. A compound according to claim 12, 17 or 18 which shows on X-ray diffraction peaks at
an angle of diffraction 2Theta of 5.8° +/- 0.3°, 17.8° +/- 0.3° and 18.7° +/- 0.3°.

20.A mdnohydrate" of the monotosylate salt of compound | according to claim 1 in crjstalline

form Ha.

21. A compound according to claim 20 which shows on X-ray diffraction a peak at an angle
of diffraction 2Theta of 6.5° +/- 0.3°.



30. A conpound according to claim29 which shows on X-ray diffraction a peak
at an angle of diffraction 2Theta of 4.7 +1- 0.3. 31. An anorphous

nonot osyl ate salt of conpound | according to claim1l1l. 32. A nonohydrate of
the diform c acid solvate of the nonotosylate salt of conpound I according
to clai m VPAROBOGA3 | ine form Sc. 33. A conpound accoPETA§2000084B%i m 32

whi ch shows on X-ray diffraction a peak at an angle of diffraction 2Theta
of 5.6 +/- 0.3. WD 2008/ 064093 PCT/ US2@®871084893 -29 34. A diacetic acid
sol vate of the nonotosylate salt of conpound I according to claiml in
crystalline form SB. 35. A conpound according to claim 34 which shows on
X-ray di ff2r aGhH Tyﬁi‘iate?loﬂftﬁéi|$1o1?l§>to§§ﬂatéi@3{@fcoﬁ‘i‘po(&ir'ldc Ifdcé%lngﬁo 3I-£h't‘?tl"|"n &?stéllnr?e +/- 0.3.
36. The sol.id form of the conpound of formula a hydrate or solvate
of the conﬁ?fﬂh B- of fornmula I, or of a salt of the corrpound of fornmula I, or
of a hydrate or solvate of a salt of the compound' of fornula | according

to any o f the cJains, 1t i resent  in essentially pure
Form 37 SR sAPRATLATPEING 1 SRR VRGH Seon Ky Hp tactin apeahah A ahalhe
conpound ofof Hiffractiore2Thetd 6f6.9°wdp.at.es or solvates; its salts and hydrates or
solvates of its salts according to any one of the claims 1 to 35, and
optionally at |east one pharnmaceutically acceptable carrier. 38. The use of

a solid fzarmwénmdwcmwmuauh@fnohoroamta shit of doPnpoMed PaceBraig to@laiAtigs, its
salts and Py%%l ? solvates of its salts according to any one of the
clains 1 t§ or preparation of a nmedicanent for the treatnent of
treatment of a proliferative disease sel ected from a beni gn or mali gnant
tunmor, c f t he br - ki dn ver dr | a bl ad ,
br east , - 2P chagPo eprang S St 208 ahonei R Fiotond Ak e op Avdle”
pancr eas, bldiffractica@Tinetacof 5t87y-00.87, sar coma, gl i obl ast onas, rrul tiple nyel oma
or gastrointestinal cancer, especially colon carcinoma or col orectal
adenonma or a tunor of the neck and head, an epidernal hyperprollferatl on,
psori asi 26. lpdit@ulateesaltpﬂ)emrppamdpcgprdin@tqmlami1ain ceystadlioplfarsi. a of epit hel i al
character, |ynphomas, a mammary carcinoma or a |eukem a. Qther diseases
i ncl ude Covvden syndrone, Lhermtte-Dudos di sease and

27. A ditosylate salt of compound | according to claim 26 in crystalline form A.

28. A compound according to claim 26 or 27 which shows on X-ray diffraction a peak at an-
angle of diffraction 2Theta of 22.4° +/- 0.3°. ' '

29. A trihydrate of the ditosylate salt of compound | according to claim 1 in crystalline form
Ha.

30. A compound according to claim 29 which shows on X-ray diffraction a peak at an angle
of diffraction 2Theta of 4.7° +/- 0.3°.

31. An amorphous monotosylate salt of compound | according to claim 1.

32. A monohydrate of the diformic acid solvate of the monotosylate salt 6f compound |
according to claim 1 in crystalline form Sc.

33. A compound according to claim 32 which shows on X-ray diffraction a peak at an angle
of diffraction 2Theta of 5.6° +/- 0.3°. '



Bannayan- Zonana syndrone, or diseases in which the P13K/ PKB pathway is
aberrantly activated.

WO 2008/064093 PCT/US2007/084893

-29-

34. A diacetic acid solvate of the monotosylate salt of compound | according to claim 1 in

crystalline form Sg.

35. A compound according to claim 34 which shows on X-ray diffraction a peak at an angle
of diffraction 2Theta of 5.7° +/- 0.3°.

36. The solid form of the compound of formula | or of a hydrate or solvate of the compound
of formula |, or of a salt of the compound of formula |, or of a hydrate or solvate of a salt
of the compound of formula | according to any one of the claims 1 to 35, which is present

in essentially pure form.

37. A pharmaceutical composition comprising a solid form of the compound of formula 1, its
hydrates or solvates; its salts and hydrates or solvates of its salts according to'any one of
the claims 1 to 35, and optionally at least one pharmaceutically acceptable carrier.

38. The use of a solid form of the compound of formula |, its hydrates or solvates, its salts
and hydrates or solvates of its salts according to any 6ne of the claims 1 to 35 for the
preparation of a medicament for the treatment of treatment of a proliferative disease
selected from a benign or malignant tumor, carcinoma of the brain, kidney, liver, adrenal
gland, bladder, breast, stoméch, gastric tumors, ovaries, colon, rectum, prostate, '
pancreas, lung, vagina or thyroid, sarcoma, glioblastomas, muitiple myeloma or
gastrointestinal cancer, especially colon carcinoma or colorectal adenoma or a tumor of
the neck and head, an epidermal hyperproliferation, psoriasis, prostate hyperplasia, a
neoplasia, a neoplasia of epithelial character, Iymphomas, a mammary carcinoma or a
leukemia. Other diseases include Cowden syndrome, Lhermitte-Dudos disease and
Bannayan-Zonana syndrome, or diseases in which the PI3K/PKB pathway is aberrantly

activated.



