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15 by powder X, ray diffraction (PXRD). The observed PXRD pattern is reproduced
as Figure 2 and the full peak listing is provided in Table 1 below Table 1 -
PXRD dat a f oVORYWBMEPISANgl e 2- Theta (degrees) Rel ative | FCEABIP008708) Angl e
2-Theta (degrees) Relative Intensity (% Angle 2-Theta (degrees) Relative
Intensity (% 4.0 100.0 17.9 8.9 24.0, 18.1 7.4 10.1 18.8 19.0 24.1 15.3 7.7

10.1
2

mammal in need of such treatment; and a combination of a crystalline form of a compound of formula
(1) and a further pharmacologically active compound. :

In a preferred aspect, the invention provides several specific polymorphic forms of a compound of
5 formula (I). Each of these polymorphic forms has a unique three-dimensional crystalline configuration
and can be characteﬁsed by, inter alia, the way the crystal lattice diffracts electromagnetic radiation
(e.g. powder X-ray diffraction, infra-red spectroscopy, raman speciroscopy), its melting characteristics
(e.g. differential scanning calorimetry) and solid state NMR analysis. For convenience, each of these
polymorphic forms has been allocated a roman numeral, though these descriptors have no inherent

10 technical significance.

Form | shows a sharp, endothermic peak at 156°C (x 2°C) when analysed by differentiai scanning
calorimetry (DSC) due to melting. The observed DSC thermogram is reproduced as Figure 1. Form |
gives unique peaks at 7.7, 14.1, 21.4, 26.6 and 29.4 degrees two theta (x 0.1 degrees) when analysed

15 by powder X-ray diffraction (PXRD). The observed PXRD pattern is reproduced as Figure 2 and the full
peak listing is provided in Table 1 below.

Table 1 - PXBD data for Form |

Angle Relative Angle Relative Angle Relative
2-Theta Intensity (%) 2-Theta Intensity (%) 2-Theta Intensity (%)
(degrees) (degrees) (degrees)
2.0 T100.0 7.8 89 24.0 8.1
7.4 10.1 18.8 19.0 241 16.3
7.7 10.1 19.4 31.0 24.6 7.0
11.9 8.3 19.5 25.0 25.8 9.3
12.0 11.0 20.3 24.8 26.6 7.6
14.1 8.6 21.4 10.9 29.4 8.0
14.9 8.6 21.8 13.9 29.6 6.7
15.4 6.4 22.8 8.2 36.1 6.6
16.0 22.7 23.3 17.6
20 ,
Form | displays unique chemical shifts at 135.6, 127.5 and 18.8 ppm when analysed by solid phase °C
NMR using an external sample of solid phase adamantine at 29.5 ppm as the reference. The observed
3¢ NMR spectrum is reproduced as Figure 3 (peaks marked with an asterisk are spinning side bands)
and the full peak listing is provided in Table 2 below. The intensity values are a measure of peak height
25 and these can vary according to the experimental parameters set during the data acquisition and the

thermal history of the sample — they are not therefore intended 1o have any quantitative significance.
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9.3 19.5 25.0 25.5 9.3 12.0 11.0 20.3 24.8 26.6 7.6
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Table 2 — "3C NMR data for Form |
T8C chemical Intensity ™C chemical Intensity *C chemical intensity
shift shift shift
(ppm) (ppm) {ppm)
204.9 43 139.9 15 102.2 2.3
204.1 39 1385 3.4 101.2 2.2
175.3 59 135.6 23 76.7 25
173.1 50 133.7 2.6 57.4 4.4
1604 94 132.9 34 57.0 2.3
159.3 2.7 1316 16 48.8 29
148.0 40 1304 34 352 7.3
147.2 3.2 128.8 25 32.0 2.0
146.2 18 127.5 95 31.0 0.7
1452 19 127.0 7.9 18.8 5.1
7418 12 1262 46 179 35

Form | displays a unique chemical shift at -141.9 ppm when analysed by solid phase ®c NMR using an

. exiernal sample of trifluoroacetic acid (50% volume/fvolume in water) at -76.54 ppm as a reference.

The observed "“F NMR spectrum is reproduced as Figure 4 (only the centreband portion of the
spectrum is shown). The full peak listing is -138.4, -139.1, -139.4 (shoulder), -140.9, -141.9, -151.8, -
152.9, -154.2, -154.7 (shoulder), -156.1 and -156.5 (shoulder) ppm.

Eorm | displays.characteristic peaks at wavenumber. 3354.(weak), 3243 (medium), 3089 (weak), 2962 -
weak) 1741 (medlum) 1718 (mednum) 1668 (mednum) 1646 (strong), 1517 (strong), 1497 (strong),

'1419 (weak) 1394 (meduum) 1335 (weak) 1320 (weak) 1280 (medlum), 1260 (weak), 1212
,(mednum) 1179 (medium), 1174 (weak), 1127 (medium), 1111 (strong), 1089 (weak), 1032 {weak),

1011 (mednum) 973 (mednum), 941 (strong), 926 (weak), 897 (weak), 885 (medlum), 829 (medium),
759._(strong), 735 (medium), 715 (medium), 687 (weak) and 653 (medium) cm’ T when analysed by FT-
infra red speciroscopy (+ 2cm™ except for peak at 3243 where the error limit can be considerably
larger). Intensity assignments (weak, medium, strong) are relative 1o the major -peak in the spectrum.
The spectrum is reproduced as Figure 5.

Form | displays characteristic peaks at wavenumber 3356 (weak), 3262 (medium), 3086 (medium),
2959 (strong), 2939 (strong), 1742 (medium), 1695 (medium strong), 1647 (weak), 1601 (weak), 1541
(medium), 1451 (weak), 1399 (weak), 1336 (medium), 1271 (medium sirong), 1135 (weak), 1054

~ (medium), 1031 (weak), 977 (medium), 930 (weak), 888 (medium), 859 (weak), 817 (weak), 716

(medium), 688 (medium), 568 (medium), 479 (medium), 439 (weak), 398 (medium), 340 (weak), 223
(weak) cm’™ when analysed by FT-Raman spectroscopy (+ 2cm™ except for peaks at 2959, 1541, 1451,
1271, 1135, 1054, 1031, 977, 930, 888, 859, 716, 688, 568, 479, 439, 398 and 223 where the error
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5 Form |l displays unique diffraction peaks at 14.5, 17.3, 22.5, 25.0 and 26.8 degrees two theta (+ 0.1
degrees) when analysed by PXRD (see Figure 8). A peak listing is provided below in Table 3.

Table 3 - PXRD data for Form 1l

‘Angle Relative ~-Angle Relative- - Angle -~ Relative
2-Theta Intensity (%) 2-Theta Intensity (%) 2-Theta Intensity (%)
(degrees) ' (degrees) (degrees)
4.0 700.0 217 274 30.9 10.7
7.4 27.2 218 28.5 31.7 15.0
12.0 16.6 225 15.9 32.5 12.6
.14.5 12.9 233 31.2 33.0 122,
14.8 13.7 23.8 36.2 333 14.1
15.6 31.2 24.2 32.1 35.2 12.2
16.1 35.0 25.0 24.6 36.0 20.1
17.3 21.9 25.5 16.0 36.6 12.6
17.9 14.1 25.7 14.3 374 15.7
18.1 11.3 26.3 13.0 373 14.1
18.8 44.1 26.8 15.6 37.7 15.9
- 194 374 28.9 17.3 38.3 13.8
20.2 33.8 - 2941 19.3 39.0 17.2
204 365 300 22.5 =
21.1 14.2 30.5 - 13.2

10

Form 1l displays unique chemical shifts at 136.2, 131.6, 126.1, 30.4 and 17.7 ppm when analysed by
solid phase °C NMR using an external sample of solid phase adamantine at 29.5 ppm as the
reference. The observed *C NMR spectrum is reproduced as Figure 9 (peaks marked with an asterisk
are spinning side bénds) and the full peak listing is provided in Table 4 below. The intensity values are
15  a measure of peak height and these can vary according to the experimental parameters set during the
data acquisition and the thermal history of the sample - they are not therefore intended to have any

guantitative significance.



Intensity 204.9 4.1 139.9 1.5 102.2 2.3 204.1 3.9 138.5 3.4 101.2 2.2 175.3

5.9 135.6 2.3 76.7 2.5 173.1 5.0 133.7 2.6 57.4 4.4 160.4 94 . 132.9 _ 3.1
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Table 4 — ">C NMR data for Form il

5C chemical Intensity ¥C chemical Intensity *C chemical Intensity
shift shift shift
(ppm) (ppm) (ppm)

"204.8 41 1418 1.2 1021 25
204.0 4.0 139.9 15 101.1 24
175.5 5.8 1385 3.4 76.6 29
175.3 5.9 136.2 3.0 57.5 48
173.0 44 133.9 25 56.9 44
172.7 44 132.9 3.3 28.7 53
160.4 9.4 131.6 38 35.1 7.4
159.1 2.7 1304 | 1.0 32.0 ' 12.0
148.0 5.0 1285 31 30 | 103
1471 56 1275 74 304 38
146.2 1.6 127.0 85 17.7 9.0
145.1 1.9 126.1 8.0 T '

Form 1 displays unique chemical shifts at -142.2 and -153.4 ppm when analysed by solid phase °F

5 NMR using an external sample of trifluoroacetic acid (50% volume/volume in water) at -76.54 ppm as a
reference. The observed °F NMB spectrum is reproduced as Figure 10 (anly the centreband portiori of
the spectrum is shown). The full peak listing is -138.4, -139.2, -140.9, -142.2, -151.8, -153.0, -1534, -
154.4, -154.9 (shoulder), -156.2 and -156.7 {shoulder) ppm.

.10 Form Il displays characteristic peaks at wavenumber 3355 (weak), 3244 (medium), 3089 (weak), 2962
. __(weak), 1741 (medium), 1719 (medium), 1669 (medium), 1646 (strong), 1517 {strong), 1498 (strong),
1394 (medium), 1334 (weak), 1320 (weak), 1279 (medium), 1260 (weak), 1211 (medium), 1180
(medium), 1174 (weak), 1127 (medium), 1112 (strong); 1089 (weak), 1031 (weak), 1011 (medium),

T 973 (medium), 947 (strong), 526 (weak), 696 (weak), 885 (medium), 829 (medium), 759 (strong), 734
15 (medium), 715 (medium), 687 (weak) and 653 (medium) cm™ when analysed by FT-infra red
spectroscopy (% 2cm™ except for peak at 3244 where the error limit can be considerably larger).
intensity assignments (weak, medium, strong) are relative to the major pe‘ak in the spectrum. The

spectrum is reproduced as Figure 11.

20 Form Il displays characteristic peaks at wavenumber 3356 (weak), 3262 (medium), 3087 (medium),
2960 (strong), 2938 (strong), 1743 (medium), 1696 (medium strong), 1647 (weak), 1602 (weak), 1541
(medium), 1451 (weak), 1400 (weak), 1336 (medium), 1272 (medium strong), 1136 (weak), 1056
(medium), 1032 (weak), 979 (medium), 930 (weak), 888 (medium), 861 (weak), 818 (medium), 718
(medium), 689 (medium), 570 (medium), 480 (medium), 441 (weak), 400 (medium), 340 (weak), 223

25  (weak) cm™ when analysed by FT-Raman spectroscopy (+ 2cm™" except for peaks at 2960, 1541, 1451,



159.3 2.7 131.6 1.6 48.8 4.9 148.0 4.0 130.4 3.4 35.2 7.3 147.2 3.2 128.8 2.5

32.0 12.0 146.2 1.8 127.5 9.5 31.0 10.7 145.2 1.9 127.0 7.9 18.8 5.1 141.8
WO 2008/068615 PCT/IB2007/003900
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1272, 1136, 1056, 1032, 979, 930, 888, 861, 718, 689, 570, 480, 441, 400 and 223 where the error
limit is = 5cm™). Intensity assighments (weak, medium, medium strong, strong) are relative to the major
peak in the spectrum. The spectrum is reproduced as Figure 12.

5 Form Ill shows a broad endothermic peak at 82°C (_-ti2°C), with a peak shoulder at 66°C (+ 2°C) when
analysed by DSC (see Figure 13). Form lll displays a unique diffraction peak at 7.2 degrees two theta

(+ 0.1 degrees) when analysed by PXRD (see Figure 14). A peak listing is provided below in Table 5.

Table 5 - PXRD data for Form i}

10
Angle Relative ~ Angle Relative Angle Relative
2-Theta Intensity (%) 2-Theta Intensity (%) 2-Theta Intensity (%) -
(degrees) (degrees) (dégrees) o :
4.0 100.0 12.4 47.0 19.6- 64.2
7.2 42.5 144 60.8 20.4 88.0
8.1 334 16.5 45.0 25.6 56.4
8.4 28.8 18.0 75.4 38.5 36.2

In the experiments conducied in order to accumulate the DSC data described above, the samples of
Forms | and Iil were heated from 25 to 240°C and the sample of Form Il was heated from 25 to 200°C
at 20°C per minute using a Perkin Elmer Pyris Diamond DSC in 50 microlitre aluminium pans with

15 holes and lids, with a nitrogen purge gas.

In the experiments conducted in order to accumulate the PXRD data described above, the powder X-
ray diffraction pattern for Form | was determined using a Bruker-AXS Ltd D8 Advance powder X-ray
diffractometer fitted” with a capillary slage, a theta-theta goniometer, a copper K-alpha, primary
20 monochromator and a Braun position sensitive detector. The sample was mounted in a 1.0mm quartz
capillary. The sample was rotated whilst being irradiated with copper K-alpha, X-rays (wavelength =
1.5406 Angstroms) with the X-ray tube operated at 40kV/40mA. The analyses were performed with the .

goniometer running in a continuous mode set for a 6 second count per 0.007° step over a two theta

range of 2° to 40°.

25 .
The powder X-ray diffraction pattern for Form 1l was determined using @ Bruker-AXS Lid D4 powder X-

ray diffractometer fitted with an automatic sample changer, a theta-theta goniometer, automatic beam
divergence slit, and a PSD Vantec-1 detector. The sample was prepared for analysis by filling a cavity
silicon wafer specimen mount. The specimen was rotated whilst being irradiated with copper K-alphay
30 X-rays (wavelength = 1.5406 Angstroms) with the X-ray tube operated at 40kV/30mA. The analyses
were performed with the goniometer running in continuous mode set for a 0.6 second count ber 0.018°

step over a two theta range of 2° to 40°.
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2-Theta. KkHz The fast spinning_speed minimized the intensities of the spinning side bands. The number of
scans was adjusted to obtain an adequate signgl to noise ratio.
25
' ”'“‘The " solud state Spectra were conected using a proton decoup\ed magic angle spmmng (MAS)
expenmem The spectra were acqunred with spectral width of 200 ppm The proton decouplmg field of -
. approximately 80 kHz was.applied and 64. scans.were cofiected on each °F MAS spectrum. The
recycle delay was set to 400 seconds to ensure acquisition of quantitative spectra. The spectra were .
30 referenced using an exiernal sample of trifluoroacetic acid (50% volume/volume in water), setting its

resonance to -76.54 ppm.

The °C solid state spectra were collecied using a proton decoupled cross-polarization magic angle
spinning experiment (CPMAS). The Harniman-Hahn contact time was set to 2ms. The proton

35 decoupling field of approximately 85 kHz was applied and 8192 scans were coliected. The recycle
delay was, adjusted to 3 seconds. The spectrum was referenced using an external standard of
crystalline adamantane, setting its upfield resonance to 29.5 ppm.

The FT-infra red spectra described above were acquired using a ThermoNicolet Avatar FTIR
40 spectrometer equipped with a ‘Golden Gate™' single reflection ATR accessory (diamond top plate and
zinc selenide lenses) and DTGS KBr detector. The spectra were collected at 2 cm™ resolution with a
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co-addition of 256 scans. Happ-Genzel apodization was used Because the FT-IR specia were
recorded using single reflection ATR, no sample preparation was required. Using ATR FT-IR will cause
the relative intensities of infrared bands to differ from those seen in a transmission FT: -8 spectrum
using KBr disc or nujol mull sample preparations. Due to the nature of ATR FT-IR, the bands at lower
5 wavenumber are more intense than those at higher wavenumber. Experimental error, unless otherwise

noted, was 2 cm™.

The FT-Raman spectra described above were collected using a ThermoNicolet 860 FT-Raman
spectrometer equipped with a 1064nm NJYAG laser and Germanium detector. The spectrum for Form
10 | was collected using 460mW laser power at the sample with 4112 co-added scans at 2 cm’* resolution.
The spectrumn for Form Il was collected using 510mW laser power at the sample with 8000 co-added
scans at 2 cm” resolution. Happ-Genzel apodization was used. Each sample was placed in a glass vial
and exposed to the laser radiation. The data are presented as Raman intensity as a function of Raman
shift. Experimental error, uniess otherwise noted, was = 2 cm™.
15 o
The crystalline forms of the invention may be prepared by the processes described below. The skilled
person will understand that the preparation of particular polymorphic forms of a compound can
sometimes be problematic, and that small changes in reaction conditions c¢an sometimes result in an
unexpected proddct. In particular, the presence of seeds in the atmosphere under which the
20 experiment is conducted can have a decisive outcome on the result. The processes described below,
however, are generally reliable. The form Ul polymorph is the most thermodynamically stable at ambient
temperature and its formation is encouraged by siow crystallisation. The form |- polymorph is the more
klneucally favoured producl a1 ambnent temperature and ns formanon is encouraged by rapid
. crystallisation techmques such as rapid cooling. Seeding wﬂh 1he desnred product will obviously
25  increase success in these preparations. Preparation of form | material is particularly encouraged by the
__ _use_of_a form_} seed which contains a mixture_of diastereomers due 10 epimerisation at the modified

aspariate residue.

Preparahon of a mixture of form l.and form ll

30 ,
A mixture of crystaliine forms | and Il can be prepared by crystallisation of amorphous (3S)-3-[N-(N'-(2-
1en—butylphenyl)oxamyl)alaninyl]amino-5-(2’,3’,5’,6’-191rafluorophenoxy)-4-oxopentanoic acid (or any
other form of the compound) from a mixture of acetic acid and water. This process occasionally gives
pure form | product.

35

For example, (3S)-3-[N-(N"-(2-tert-butylphenyl)oxamyl)alaninylJamino-5-(2',3,5',6 - tetrafluorophenoxy)-
4-oxopentanoic acid (15.033g) was charged into a flask equipped with a magnetic stirrer bar. Acetic
acid (200ml) was added, with stirring, 1o give a solution to which activated carbon (1.512g) was added.
. The resulting black suspension was stirred at ambient temperature for 10 minutes and filtered under
40 vacuum, the solid residue being washed twice with acetic acid (2 x 40ml). The combined filtrate was
diluted with deionised water (155ml) to give a turbid solution which became clear on warming to about
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42°C. An additional poriion of deionised water (225mi) was added, restoring turbidity and the solution
was allowed 1o coal slowly to ambient temperature with stirring, giving a white crystalline material

(mixture of forms | and 1I).

5 Preparation of pure form )l from a mixture of forms | and 1 without seeding

Pure form 1} may be prepared by slurrying a mixture of forms | and !l in acetanitrile at room temperature
until full conversion has taken place (typically a few days, e.g. 3 days). The product is then filtered off
and dried (e.g. in & vacuum oven). The following procedures are illustrative.
10 ‘
A 40:60 mixture (by weight) of forms | and |l was slurried in acetonitrile and left for three days. The
solid product was then filtered and dried in a vacuum oven to give pure, crystalline form Il. This material
can be used as a seed, where necessary, in further experiments described below.

15 A slurry of (3S)-3-[N-(N'-(2-tert-Butylphenyl)oxamyl)alaninyllamino-5-(2',3’,8’,6™tetrafluorophenoxy)-4-
oxopentanoic acid (1.5g, approximately 40:60 Form | : Form Il by weight) in acetonitrile (13ml) was
stirred for 3 days at room temperature (22°C). The solid phase was separated by filtration and dried for
16 hours under vacuum (22°C and 25mbar) 1o give pure Form Il as the product in 86% yield.

20 . Pure form I} can also be generated by slurrying a mixture of forms | and il at 4°C for a period of days
(e.g. for about 5 days) in a solvent selected from ethyl acetate, toluene, ethyl acetate/water, ethyl
acetale/acelonitrile and isopropyl alcohol (IPA). Pure form Il can also be prepared by slurrying a

mixture of forms | and Il at about 50°C in dichloromethane or methyl ethyl ketone.

25  Preparation of pure form Il from a mixture of forms | and Il using seeding

A slurry of (38)-3-[N-(N'-(2-tert-butylphenyl)oxamyl)alaninyllamino-5-{2',3",5’,6'-tetrafluorophenoxy)-4-

oxopentanoic acid (40g, approximately 90:10 Form 1 : Form Il by weight) in a mixture of isopropyl

" aicohol and water (400 ml, 837 by volume) was prepared. The slurry was heated from 22°C to 60°C

30 over 30 minutes and the resulting solution was held at 60°C for a period of 30 minutes to allow

equilibrium to be reached. Complete dissolution had occurred at this point. The solution was cooled to

25°C over a period of 30 minutes and, once at 25°C, the supersalurated solution was seeded with

‘ crystals of Form . The seed concentration used was 0.4g or 1% w/w of initial feed concentration. The

slurry was held at 25°C for a period of 4 hours, cooled from 25°C to 0°C over a period of 4 hours and

35  held at 0°C for a period of 12 hours. The slurry was vacuum filtered and the solid product was dried in a

vacuum oven at 50°C for 60 hours. The product was isolated in a yield of 80% (32g). PXRD analysis of
both pre- and pbst»drying samples was consistent with Form Il

Preparation of pure form Il from form | using seeding

40
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A slurry of (38)-3—[N~(N’-(2-tert-butylphenyl)oxamyl)alaniny!]amino-s-(2’,3’,5’,6’-1etrafluorophenoxy)-4-

oxopentanoic acid (22.5g, 100% Form I) in a mixture of isopropy! alcohol and water (300 ml, 83:7 by
volume) was prepared in a flask equipped with a 3-blade retreat curve impelier, operating 4t 250 rpm. '

The slurry was heated from 25°C to 50°C over 30 minutes. The solution was held at'§0°C for a period

5  of 30 minutes to allow equilibrium to be reached. It was ensured that complete dissolution had occurred

at this point. The solution was cooled to 35°C over a period of 30 minutes. Once at 35°C, the

supersaturated solution was seeded with PF-3,491,390 Form II. The seed concentration used was

0.225 g or 1% w/w of initial feed concentration. The seed used in this experiment wés micronised. The

slurry was held at seed temperature i.e. 35°C for a period of 3 hours. The slurry was cooled from 35°C

10 to -5°C over a period of 24 hours. The slurry was held at -5°C for a period of 18 hours. The slurry was

vacuum filtered and dried in a vacuum oven at 50°C to give 21.6g of PF-3,491,390 (95%) PXRD

analysis of both pre- and post-drying samples was consistent with Form il

Preparation of pure form | from a mixture of form | and form Il
15 . ‘
Pure form | may be prepared by dissolving a mixture of forms I and Il in the minimum amount of a polar
organic solvent (typically isopropylalcohol (IPA), tetrahydrofuran (THF) or acetic acid) at an elevated
temperature (typically at about 50°C) and allowing crystallisation to occur by cooling to a lower
temperature (typically to about 4°C, overnight). A non-polar organic solvent such as n-heptane or
20 trifluorotoluene {(usually referred to as an anti-solvent) may be added in order to aid crystallisation. The

{following experiments are illustrative.

YT (88)3-[N:(N=(2:ten- Buiylphenyl)oxamyl)alaninyl]amino -5-(2,3",5',6'"-tetrafluorophenoxy)-4-
'MB;(—(;fSentanom acid (300mg, approxnmately 40:60 Form 1 : Form Il) was dissolved in the minimum
25 amount of isopropyl alcohol (4ml) at 50°C. This solution was then cooled to 4°C at 0.5°C/minute and

stmed at 4°C overmghi to glve pure "Form | as the product

(3S)- -3-[N-(N’-(2-tert-Butylphenyl)oxamyl)alaninyljamino-5-(2',3',6' 6’-1e1raﬂuorophenoxy)-4- ,
oxopentanoic acid (200mg, approximately 40:60 Form | : Form 1) was dissolved in 0.3m] of
30 tetrahydrofuran at 50°C. n-Heptane (0.9ml) was added as an anti-solvent 1o cause precipitation. The
resulting slurry was cooled to 4°C at 0.5°C/minute and stirred at 4°C overnight to give pure Form 1 as

the product.- -

(38)-3-[N-(N’-(2-1ert-Butylphenyl)oxamyl)alaniny‘]amino~5-(2’,3’,5’,6’-tetrafluomphenoxy)—4-

35 oxopentanoic acid (200mg, approximately 40:60 Form | : Form i) was dissolved in 0.3mi of
tetrahydrofuran at 50°C. Trifluorotoluene (1.5ml) was added as an anti-solvent to cause precipitation.
The resulting slurry was then cooled to 4°C at 0.5°C/minute and stirred at 4°C overnight to give pure

Form | as the product.



10 Form Il displays unique chem cal shifts at 136.2, 131.6, 126.1, 30.4 and
17.7 ppm when anal ysed by solid phase 13C NVMR using an external sanple of

sol i d phase %AaM8Ht%He at 29.5 ppm as the reference. Th&EAB¥PTYEE13C NVR
spectrumis reproduced as Figure 9 (peaks marked with an asterisk are spinning
si de bands) and the full peak listing is provided in Table 4 bel ow. The
intensity values are 15 a neasure of peak height and these can vary according
to the experinmental parameters set duriflg the data acquisition and the thernal
history of the sanple - they are not therefgre intepded to have any

quantitati végséi?‘ﬁﬁ{m(zé‘%(h@@@ph W YRR ’i’ééﬁ'@@f@ﬁ@@@@' 5 Table 4 - ' 3c
NVR dat a f orxdeemanoic cid (200s19eappiedhateion Ferma 1B M wae difsoived/n -8 ok #fElRacdl shift
(PPrn) | nteasicky. iliephe@isniasiridée as\MB ahtidoyers idt cause pROMiIaBon4THE réstllingBsidry? 102. 1
2.5 204: 0 4wQs tﬂlgfgcogleclto@C at 0.5°C/minute and stirred at 4°C overnight to give pure Form | as the product.

5

Preparation of pure form 11l from a mixture of forms | and il

(38)—3-[N-(N’-(2—tert-BuIy!phenyl)oxamyl)a!aninyl]amino-5—(2’,3’,5’,6‘-tetraﬂuorophenoxy)-4-
. oxopentanoic acid (41 mg, approximately 75:25 Form | : Form ll) was dissolved in methyl ethyl ketone
10. (1 ml). The solution was filtered and allowed to evaporate slowly for 19 days, resulting in a gel. Toluene
(10ul) was added at this point. After another 3 days, an additional amount of toluene (100 pl) was
added. After a further 4 days, 2 crystalline material corresponding to Form Il was isoiated.

Preparation of pure form il from form |

15
(38)—3—[N-(N’-(2-Ien-Bmylphenyl)oxamyl)alaninyl]amino-5—(2’,3’,5’,6’-1etrafIuorophenoxy)-4~
‘ oxopentanoic acid (50 mg, Form 1) was dissolved in methyl ethyl ketone (1 ml). The resulting clear
solution was filtered, diluted with toluene (3 ml) and allowed to evaporate at ambient temperature for
two days until an opaque material formed. The opaque solid was collected by vacuum filtration and air-
20 dried under reduced pressure for approximately 10 minutes 1o yield 47.5 mg of Form lli as the product.

in___another  experiment, ’(3~S)—§-[Nf(N’igz-rert—Butylphenyl)oxamyl)alahinyl]amino-57¢(2’,3’,5',6’-

. tetrafluorophenoxy)-4-oxopentanoic. acid (700 .mg, Form 1) was dissolved in 14 ml of 2-butanone

(methyl ethyl ketone) with sonication. The resulting clear solution was filtered into a beaker and diluted

25 with toluene (42 ml). The solution was mixed well and allowed to evaporate at ambient temperature for

_6 days until a gel-like opague material formed. The gel-like material was vacuum ﬁltered at room

“the 2-butanoneficluene solution was, allowed {o evaporate at room temperature for 6 days. The solid
produced was not vacuum filtered or further dried in air. The product was Form 11l (700 mg).

30
Preparation of pure form Il by dehvdrogenation of a benzyl ester precursor (with seeding)

(35)-3-[N-(N’-(2- tert-Butylphenyl)oxamyl)alaninyllamino-5-(2',3',5,6'-tetrafluorophenoxy)-4-
oxopentanoic acid benzyl ester (500g, 0.758 mol) was added to tetrahydrofuran (2.5 litres), with §tirring,
35 at 20°C. Paliadium on carbon {10%, 50g) was then added and hydrogen was applied to the headspace
above the liquid at 20 pounds per square inch (psi). After four hours, the catalyst was removed by
filtration through a bed of Celite® and the filter cake was washed with tetrahydrofuran (2 x 1 litre). The
filtrate was concenirated by evaporation at 30°C under vacuum until a volume of 2 litres remained and
n-heptane was then added, with stirring, over a period of an hour. A seed of form Il (4.32g) was added,
40 and stirring continued for 3 hours at 20°C. Further n-heptane (2.35 litres) was then added and the
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suspension was stirred at 20°C for 12 hours. The suspension was then cooled to -5°C over six hours,
stirred at this temperature for. about one hour and filtered. The product was washed with n-heptane {2 x
1 litre) and oven-dried under vacuum at 40°C for 16 hours to give pure form 11(388g).

5 As indicated above, the amorphous form of (38)-3-[N-(N'-(2-tert-butylphenyl)oxamyl)alaninyllamino-5-
(2,3',5',6'"-tetrafluorophenoxy)-4-oxopentanoic acid can be prepared by the specific and general
processes described in patent application WO-A-00/01666. The compound may also be prepared by
the route shown in Scheme 1 below. Naturally, the specific procedures employed in isolating the
product may result in the preparation of the amorphous form or one of the crystalline forms of this

10 “invention.” ~



7.4 159.1 2.7 130.4 1.0 32.0 12.0 148.0 5.0 128.5
1

3.1
127.5 7.4 30.4 3.8 146.2 1.6 127.0 8.5 17.7 9.0 145.1 1.9
WO 2008/068615 PCT/]i]§260'07]700§99)0' T

13
Scheme 1
COP’
+ HN
CH,
CH ("l)
Coupling
. 1 E
CO,P F , .
o) (o) .,
“ 1! '
N/u\ﬂ/ \:-/U\N 0 E
Ho o e ™ o F
3
H,C CHSCHa ()
Deprotection
CO,H F
0] O
H \/U\
N
N/U\n/ ;
"6 6
H3C fa) CHS °
Chi; 1)

_in: Scheme 1, P! represents @ suitable_carboxyl protecting group, such_as benzyl. Other. examples of
5 suitable protecting groups may be found in 'Protective Groups in Organic Synthesis' by Theorora
Greene and Peter Wuts (third edition, 1999, John Wiley and Sons). A compound of formula (ll) is
therefore deprotecied in order to provide the compound of formula (1), using conditions selected
appropriately according to the choice of protecting group P'. For instance, if P' is benzyl, a solution of

the compound of formula (ll) in a suitable solvent (such as tetrahydrofuran) may be treated with a

10  hydrogenation catalyst (such as palladium on carbon) and exposed to an atmosphere of hydrogen gas.
A compound of formula (l) may be prepared by coupling an acid of formuia (ill) with and an amine of
formula (V). The amine (1IV) may optionally be used in the form of a salt such as the hydrochloride. Any .
suitable peptide coupling agents may be used. in a preferred process, a solution of amine (IV) and acid

() in a suitable solvent {such as tetrahydrofuran) is treated with a chloroformate (such as

15 isobutylchloroformate) and a base (such as N-methylmorpholine).

A compound of formula (Ill) can be prepared by the route shown in Scheme 2 below, wherein R* is a

C4-Ce alkyl group, preferably methyl or ethyl.

31.0 10.3 147.1 2.6



Form 11 displays unique chem cal shifts at -142.2 and -153.4 ppm when anal ysed
by solid phase 1SF 5 NVR using an external sanple of trilluoroacetic acid (50%
vol ume/ vol urORH8ReseY ) at -76.54 ppm as a reference. THETIBWETEYO' 9F NMWR
spectrumis reproduced as Figure 10 (only the centreband portion of the
spectrumis shown). The lull peak listing is -138.4, -139.2, -140.9, -142.2,
-151.8, -153.0, -153.4,154.4, -154.9 (sfaoul der), -156.2 and -156.7 (shoul der)
ppm 10 Form 1| displays characteristic peaks at wavenunber 3355 (weak), 3244
(medium, 3089 (weak), 2962 Jyyed,1; 1741 (rmedium, 1719 (nedium. 1669
(medium, 1646 (strong), 1517 (Stron®chemt498 (strong), 1394 (nediun), 1334
(weak), 1320 (weak), ,1279 (nedium, 1260 (weak), 1211 (nediun), 1180
(medium, 1174 (weak), 1127 (medium, 1112 (strong), 1089 (weak), 1031 (weak),
1011 (nedium, -973 ( maeffl (?l --g4. 1(strong) 926 (weak), 696 (weak), 885

t
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(weak) and 653 ium -G-ﬁd——f-l:———i‘\he .s. d dy +FF—néra ctobiscopy (t-
2cr 14 except forfpedfizat 3244 wherp t effror limt can lbe ﬁ

derably
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maj or peak i hm%p%actrum The 3spa%,\w;ffr"um i s reproduce

&8, FP gut® 11. 20 Form
Il displays chz%\éggt eristic peaks | wavenunber 3356 (weak), 3262 (nedium,
3087 (nedi un, 0 (strong), 2938 "strong), 1743 ( |Hun:)°°a°*1?§6 (edi um

strong), 1647 (weak), 1602 (weak), 1541 (nedium, 1451 (weak), 1400 (weak),
1336 (nmedi um, 2 (edi um strong), 1136 ( ), @O0 (medium, 1032 (weak),
979 (Medi um, wegk) , N88Q30g gedi um , 861 ak eegdiHym , 718

fm 70 (médi um), 480 (ngdi ufy), W4l weak), 400 (nmedium,
340 (weak), 223 wea&) aH,! when anal y%e T- Ranarcr-spectroscopy (-

2cm 1 except ks (@ 2960 1541, 145 72,1136, 1056, 1032, 979
930, 888, 861, 71§ 689, 570, 480, 441, 400 and 223 where Tie error I|mt IS
Scmi 1). Bnt ensi ty assignments (weak, nedium nmedium strong, strong) are

rel ative t oTHekenmapdy fqraak(li) may beepreppred by ttepting Tieemeopescd! FUmy'd &) ¥iSHrgkpied as
Figure 12. BsERbiedth hyamlyesise estddroaicha@yahat fieerret oropeiate, 2dol8RC! e @B)poundi t h a peak
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anal ysed b p'ﬁ&ﬁ%"kﬂs'"é"é )me‘ﬂ e 14) A peak listing is provided below in Table 5,
Tabl e 510 PXRD data for Form 11 10 Angle 2-Theta (degrees) Relative Intensity
(9% Angl e 2rEhetmuids fpreds]V) ReY ke irenaref BY eneling §n £99) o Mgl (Viwith @ amirgieigr ees)
Rel ati ve formula. (IX). The amine of formula (IX) may optionally be used as a salt, particularly as the

hydrochloride sall. Any suitable peptide coupling agent may be used. In a preferred procedure, a

solution of acid (VI) and amine (IX) in a suiiable solvent (preferably dimethylformamide) is treated with

15 a carbodiimide coupling agent in the presence of a base such as N-methyimorpholine.

(medi um , 689 ' i

The compound of formula (V1) may be prepared by treating a compound of formula (V) with a base in
order to hydrolyse the ester functionality. In a preferred procedure, a solution of the compound of
formula (V) in a suitable solvent (preferably toluene) is treated with an alkali metal hydroxide

20 (preferably sodium hydroxide).

A compound of formula (VH) may be prepared by treating an amine of formula (Vill) with a compoun;&
of formula (X) in the presence of an amine base. in a prelerred pracedure, a solution of compounds
(VI and (X) in a suitable solvent (preferably toluene) are treated with triethylamine.
25 ~' )
A compound of formula (IV) (see Scheme 1) may be prepared by the route shown in Scheme 3 below,
wherein P' is as defined above and P? is a suitable amine protecting group (preferably a tert-
butyloxycarbonyl group, BOC). Examples of suitable amine protecting groups may be found ‘in



Intensity (% 4.0 100.0 12.4 47.0 19.6 64.2 7.2 42.5 14.4 60.8 20.4 88.0 8.1
33.4 16.5 45.0 25.6 56.4 8.4 28.8 18.0 75.4 38.5 36.2 In the experinments
conduct ed i "VBRYEPOE accunul ate the DSC data descri bed PABAHH7R0BWOsanpl es of
Forms | and |11l were heated from25 to 240C and the sanple of- Form U was
heated from 25 to 200C at 20C per mnute using a Perkin El ner Pyris D anond
DSC in 50 mcrolitre alum nium pans w t15 15 holes and lids, with a nitrogen
purge gas. In the experinments conducted in order to accunul ate the PXRD data
descri bed albpesetivetcheippio@denic Sathesis’ by Theorora Greene and Peter Wuts (third edition, 1998, John

Wiley and Sons).

Scheme 3
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The compound of formula (IV) may be prepared by deprotecting a compound of formula (XI), using
conditions selected appropriately according to the choice of protecting group F? For instance, if P' is
tert-butyloxycarbonyl then a solution of the compound of formula (XI) in a suitable solvent (preferably
_10 _ ethyl acetate)_is treated with an acid (preferably hydrochloric acid). Care must be taken.in the choice of
protecting groups P and P* so that the conditions necessary to remove protecting group P* do not also

remove protecting group P,

A compound of formuia (XI) may be prepared by displacing the bromide group in a compound of
15 formula (XIf) with the phenolate anion. derived by deprotonation of 2,3,5,6-tetrafluorophenol. Preferably
an alkali metal salt of the phenol is used, most preferably the potassium salt. Suitable deprotonating
agents are therefore sodium or potassium hydride. In a preferred procedure, a solution of the
compound of formula (XIf) in a suitable solvent (preferably acetone) is trealed with the deprotonated
phenol in the presence of a nucleophilic catalyst (preferably sodium iodide).
20
A compound of formula (XIl) may be prepared by diazomethane mediated homologation of an acid of
formula (X1I). In a typical procedure, a solution of the compound of formula (XHil} in a suitable solvent
(preferably 1tetrahydrofuran) is treated successively with (a) a chloroformate (preferably
isobutylchloroformate) and a base (preferably N-methylmorpholine), (b) diazomethane and (c)

25 hydrogen bromide.



ray diffraction pattern for Form| was determ ned using a Bruker-AXS Ltd 08
Advance powder X-ray diffractoneter fitted with a capillary stage, a

t het a-t het a WBAMSNEOEY | a copper K-atphet primary 20 nod§dABWAHE8I0and a Braun
position sensitive detector. The sanple was nmounted in a 1.0nm quartz
capillary. The sanple was totaled .whilst being irradiated wth copper

K- al phal X-rays (wavel ength = 1. 5406 Aﬂgﬁtrons) with the X-ray tube operated
at 40kV/ 40mA. The anal yses were perfor with the gonioneler running in a
cont i nuous de set for co e 7 oy.el. a -t heta range
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a PSD Vantec-1 detector. The sanple was prepared for analysis by filling a
cavity sigdi RS ja1oXTTa] T8y BREGIE8RpodRSot Forhu: €d whi | st bei ng
irradiaté% %ggﬁﬂﬁﬁﬁﬁér K-gwgﬁéi 3OB§Eﬁa.§§(agvelé%gth = 1.5406 Angstrons) with
the X-ray tube operated at 40k\030nﬁgoﬁ%e anal yses were performed with the
ooni oneter running in continuous de set for a 0.6 second count per 0.018
step over a two theta range of 2 ta 40 7 _The powder X-ray diffraction
pattern for FormlIll was det erRfHNEd i NG Br uker - AXS Ltd D4 powder Xr ay
diffractometer fitted with an autonaly c s@& b changer, a theta-theta

goni oneter, automatic beam divergence slit>>andNa,PSD Vantec-1 detector. The
sanpl e was prepared for analysis by nounting on a | ow background silicon wafer
speci men nmount. The speci nen was rot@i¥wd whil st being irradiated with 5 copper
K-al phat X-rays (wavel ength = 1.5406 Angstrons) with the X-ray tube operated
at 40kV/ 40mA. The ana] yses were perfornmed mjth_the,g?gi %§en running in

cont i nuous  HpREN R'end Pofre &5 ¢5ined 2Buvetih KBGHYsUsRYIE. iEg 'f’“g‘g‘? VEPE BEY06  t het a
range of 2 bia bd andhubsqyeaksidiiimohs sratde gibromidg Ke.qhisitpoeigagrmidetor Bhiwm prpeige) r ef er ence
standardig 10 As will be appreciated by the skilled person, the relative
Intensiti esAQémptob:% o RFh RUS) PEAKS b%&b@n@ntﬁ%@b&&{ il a ork-fRNStodR TRy s\éﬁ\feyﬁaﬂwe_ to a
number of factors such ggﬁf&% exanple orientation effects of crystals in the
X-ray beam BPUERSOBETTY G "t he material being anal ysed or the degree of
crystaliinity of the sanple. The peak positions may al so shift for variations
in sanple height but the peak positidfy will remain substantially as defined
in Tables 1, 3 and 5. The skilled person @CHL al so appreci ate that
measurenents 15 using a different vellength will result in different shifts
according to the Bragg equation (n2, .2l sin 0). Such further PXRD patterns
generated by use of alternative wavel engths are alternative representations of
the PXRD patterns of the crystalline ngwrials of the present invention. In

order to accunul ate the solid state I dat.a.descri ) v, jmately 80
ng of edéh Z¢° s“&ﬁﬁ?"é@%’é ?pta ﬁ‘f“d’ﬂaf“i JSR/'E Fﬁ‘éda’%!-él\{((’?df ﬁ%"g‘"gsXﬁ%@fﬁ%g“ﬂ?ﬁﬁg?% %e spectra
wer e col | ecteeepdnitethiBi-@ifan¥sndi t i ons on a E3ruker-Biospin 4 nm BL HFX CPMAS
probe positioned into a w de-bore Bruker-Bi ospin Avance. DSX 500 MHz NWVR

Spect r omet ef combbitha SABRILRIX YR HOhAR Rbrapbrel BEthéTgie sSh@N(! Schemh sgrwnPat  15. 0
KHz. . The f aanétP;%QFB@#tﬂggéﬁﬁggdé%éy 20 2 bRErbd-RSInbAES i<fendiNRa 6Dk BRI N si de
bands. The nunber of Scans was adjusted to obtain an adequate signal to noise
ratio. 28 THWONEF WY id state spectra were colleCted using a 'proton decoupi ed
magi ¢ angl e spinning (MAS) experinent. The spectra were acquired wth spectral
wi dth of 200 ppm The proton decoupling field of approximately 80 kHz was
applied and 64 scans were collected on each '9F MAS spectrum The recycle
delay was set to 400 seconds to ensure acquisition of quantitative spectra.
The spectra were 30 referenced using an external sanple of trifluoroacetic
acid (50% vol une/volune in water), setting its resonance to -76..54 ppm The
13G solid state spectra were coll ected using a proton decoupl ed ‘
cross-pol ari zation nmagi ¢ angl e spi nni ng experinent (GPMAS). The Hart man- Hahn
contact tinme was set to 2ns. The proton 35 decoupling field of approximately
85 kHz was applied and 8162 scans were coll ected. The recycl e delay was
adjusted to 3 seconds. The spectrum was referenced using an external standard
of crystalline adarnantane, setting its upheld resonance to 29.5 ppm The
FT-infra red Spectra descri bed above were acquired using a ThernoN col et
Avat ar PTIR 40 spectronmeter equipped with a 'Golden GaleTM single reflection
ATR accessory (dianond top plate and zinc sel enide | enses) and DIGS KBY
detector. The spectra were collected at 2 cm1 resolution with a WO
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15 The crystalline forns of the invention may be prepared by the processes
descri bed bel ow. The skilled person will understand that the preparation of
particul ar p¥PyYMBPSAIc fornms of a conpound can soneti medBaBHPEWPYAati c, and
that small changes in reaction conditions can sonetines result in an
unexpected product. In particular, the presence of seeds in the atnosphere
under which the 20 experinent is conducfzed can have a decisive outcone on the
result. The processes described bel ow, however, are generally reliable. The
form 1l polynorph is the nost thernodghekdsaal |y stable at anbient tenperature
and its formation is encouraged by slow crystallisation. The forml- pol ynorph
is the nore kinetically favoured product at anbi ent tenperature and its
formation is encouraged by rapi dP.O;C¢rystallisation techniques s_uch as rapid
cooling. Seeding with the desired, p{EEPct wi | | obviously 25 increase success
in these preparations. Preparation,of Xorm| material is particularly
encouraged by the _use of a fernf Hed GRifth cont ai ns ‘

am xtureot.diestere_orriers,due to eg%myerisationat the nodified aspartate
residue. - Preparation of a mxture ormland formlIl 30 A m xture of

crystalline forms | and Il can be prep red‘R%cmgystallisation of anor phous
(3S)-3IN-(N -(2- . . HO.C” N0 .
tert - butyl phenyl ) oxans/ Bal ani nyl | ami no} 5- (2", 3 , 61-tetrafl uorophenoxy) - 4- ox

opentanoic acid (or any other form of fhe®brgOwid) froma mxture of acetic
acid and water. This process occasionaY¥ly givesfure forml product. 35 For
exanpl e, P'0,C
(3S)-3-1IN-(N1-(2-tert-butyl phenyli
or ophenoxy) - 4-oxopentanoic acjd 39)
with a magnetic stirrer bar. RAt#tic cid8 2

¥aﬁa&inylianino-5-(2,3',5',6'-tetraf|u
ds charged into a flask equi pped
owl)-fnvas added, with stirring, to
2g) was added. The resulting
bl ack suspension was stirred gKVABnbi ent Le ture for 10 m nutes and
filtered under 40 vacuum the solid residue heing washed twice with acetic
acid (2 x 40mL). The conbined filtrate{was difl uted with dei oni sed water
(155nml) to give a turbid solution which becane clear on warmng to about 9
42C. An additional portion of deionised water (225m ) was added, restoring
turbidity and the solution was allowedyto cool slowy to anbient tenperature
with stirring, giving a white crystalline material (mixture of forns 1 and
[1). 5 Preparation of pure formll CCQH%g m xture of fornms I and Il w thout
seeding Pure formlIt nay be prepargd by sz ng a mxture of forns | and |
in acetonitrile at roomtenperaturje until conversi on has taken place
(typically a few days, e.g. 3? )y Theopr oddct '#s then filtered off and
dried (e.g. in a vacuum oven). 'ng'procedures are illustrative. 10 A
40: 60 m xture (by weight) of forns |~ an | was slurried in acetonitrile and
| eft for three days. The solid product was then filtered and dried in a vacuum
oven to G Ve QL Snd-&hdBhibiRg-thebiiplbared i-sicibit Bydrasis eadiddogbaxgigin aba a seed,
(33) “3T TN ( Rrpdss Lo gl CRERCH SIS IARAL WASE Ao Ay e tetraf
l(J or z)p hen OX)(/$X~Va Is mc;[ree rreetécﬁve atn 1h£re1grg%Jeoeégﬂgxy()ro%/sg‘ﬂl\a%ﬁlnej pmc{ég cgbcg\g 9"°§P "&J’ y tetra
especially where the latter group is also an ester. A typical hydrolysing agent is sodium hydroxide.

10 A compound of formula (XVI) may be prepared by activating a compound of formula (XHl) and treating
the activated species with a doubly deprotonated form of a compound of formula (XVil). Nucleophilic
addition occurs followed by decarboxylation. Activation may be achieved by treating a compound of

formula (X1I1) with an amide coupling agent such as a carbodiimide.

15 A compound of formula (XVH) may be prepared by treating o-chloro-dimethylamalonate with a
deprotonated form of 2,3,5,6-tetrafluorobenzene and selectively hydrolysing one of the methyl ester

groups in the product.



oxopentanoic acid (1.5g, approximtely 40:60 Forml : Formll by weight) in
acetonitrilimél3nﬂ) was stirred for 3 days at roomtenperature (22C). The
sol i d phase Wa30088¢¥alat ed by filtration and dried for 18CAEBI87/WEr vacuum
(22C and 25nbar) to give pure Formll as the product in 86%yield. 20 Pure
formll can also be generated by slurrying a m xture of forns | and Il at 4C
for a period of days (e.g. for about 5 thys) in a solvent selected from ethyl
acetate, toluene, ethyl acetate/water, ethyl acelate/aceionitrile and

i sopropyl alcohol (I1PA). Pure formll can also be prepared by slurrying a

m xture of faQoRPouhd ainemuia (8lf makedsd the DREErédrby dlieabiteothowreih ISalreme & Phanti IS Breet hy |
ketone. 25 Ffo?egtﬁb ag?él.@@ 29 fdefdd Godv@r 1N d breRAaNerboliinh, Ub'eis OdendiObatBpd isagd |1 using
seeding A s urlrx}é/ ol v

(33) - 3- 1N- ( REYPERR8TY - but yI phenyl ) oxanyl ) al ani nyl j ami no-5-(2',3',5',6' -tetrafl
uor ophendky) - 4- oxopent anoi ¢ aci d (40g, approxi mately 90:10 Form| : Form |
by weight) in a m xture of isopropyl 2dhemgfol and water (400 ml, 93:7 by

vol ume) was prepared. The slurrypg §3heated from22C to 60C 30 over 30 m nutes
and the resulting solution was hel d?aty 60C for a period of 30 mnutes to all ow
equilibriumto be reached. Cbnpletelgzkgglution had occurred at this point.
The sol ution was cooled to 25C ovetyNr pecoad of 30 mi nutes and, once at 25C,

t he supersaturated sol ution was seeded Wit h crystals of Formll. The seed
concentration used was 0.49 or 1% w WX initial feed concentration. The
slurry was held at 25C for a period of, 4 hog&;H cooled from25C to OC over a
period of 4 hours and 35 held at OC fof a ggz d¢ of 12 hours. The slurry was
vacuum filtered and the solid product O8r i®gdsirFa vacuum oven at 50C for 60
hours. The product was isolated in ay elampfFu b (32g). PXRD anal ysis of both
pre- and post-drying sanples was consigtent wwth FormlIl. Preparation of pure
formlIl fromform1 using segQiﬁg WO 2008/ 068615PCT/ | B2007/ 003900 10 A slurry

of , CO,CH,
(38)-34N- (N - (2-terl-butyl phenyl) dxany| )ebapoHpyl i am no-5-(21,3",5 ,6*-tetraflu
or ophenxY) - 4- oxopent-anoi ¢ g&H 0,;0100% Form 1) in a m xture of

i sopropyl al cohol and water (300 m U 93:A by ¥olune) was prepared in a flask
equi pped with a 3-bl ade retreQé ﬁyr&%F' ) S operating 'at 250 rpm The
slurry was healed from25C to 8 over ut es. The sol ution was held at
50C for a period 5 of 30 minutes to @l oif dqui 1fi bri um to be reached. It was
ensured that conplete dissolution h 6ccurred at this point. The solution was
cooled to 35C over a period of 30 mipnutes. Once at 35C, the supersaturated
solution was seeded with PF-3,491,3 Form11l. The seed concentration used was
0.225 g or 1% w w of initial feed concentration. The seed used in this
experiment was mcronised. The slurgy was helld at seed tenperature i.e. 35C
for a period of 3 hours. The slurry was & from35C 10 to -5C over a
period of 24 hours. The slurry wad held at -Sleor a period of 18 hours. The
slurry was vacuumfiltered aqg ﬂ ' i ﬁ. nF_oven at 50C to give 21.6g of
PF- 3, 491, 390 (95% . PXRD analyg s off| both pre- and post-dryi ng sanpl es was

consistent with Forml1l. Preparatio® of (BureFform| froma mxture of forml
and formll 15 Pure forml may be prepared by dissolving a m xture of forns |
and Il in the mnipnu

ampunt of a pol ar organi ¢ _sol vent ical l
i sopropyl al & SABPUIY Ajo,mq‘lf?aeﬁ'hﬁﬂ?&r%"fgu{?eaﬁrefal‘?flbf'—';%heors LS f’é:utb%@?ygr)c"ly%%/ *%h el evat ed
t enper atlQr edetarygiiation ¢fy capPosbsbrh formdikVih ag musidiergen oypatug Pt &g 6" occur by
cool i ng t o moidiesnver campogpe rCaYIUr @e (Moygieadivé end teabpaumod Gasiy\iadralysgthtthan te non- pol ar
organi ¢ sol yanfeqStmbhyR8rolly DEGPANRERAIyZOned the | IHRF @lo0d WeRsy auissial laywgiel erred to
as an ant|-§ H%SP%%nﬂ?XmﬁshﬁﬂQ% in order to aid crystallisation. The
fol | owi ng e¥X] &Y e 's are i11ustrative.
(38):3-1NNN : (21en- But yl Phenyl ) oxanyl ) al ani nyliam no-5-(2',3',5",61-tetrail uor
ophenoxytk- 4A compound oféxoyefily Bihbiybe atepereq BEOIYEINg 2 aprosnd ahivtreyia X IHang eatitg m |
Form 1) wage shissalsyeeds with & Bepradriatal minol25 canumt of ddrmils OpPX)o pyivatiod eend  (4nil) at
50C. This solution was then cooled to 4C at 0.5C/ minute and stirred at .4C
overnight to give pure Forml as the product.
(38)-3-161-(N3-(2-tert-Butyl phenyl)oxamnyl)al ani nyl ] am no-5-(2"',3",53,6" -tetraf
| uor ophenoxy) - 4- oxopentanoi ¢ acid (200ng, approximately 40:60 FormIFormll)
was dissolved in 0.3m of 30 tetrahydrofuran at 50C. n-Heplane (0.9ml) was
added as an anti-solvent to cause precipitation. The resulting slurry was
cooled to 4C at 0.5C/ mnute and stirred at 4C overnight to give pure Form | as

2 . I I



10 (1 m). The solution was filtered and all owed to evaporate slowy for 19
days, resultin% in a gel. Toluene (10pl) was added at this point. After

anot her 3 da¥Q00846%4Hdi ti onal anpunt of toluene (100 pl PGRAB208HYEY? After a
further 4 days, a crystalline material corresponding to Form 111 was i sol at ed.
Preparation of pure formlll fromforml 15
(39)-3-(N-(NT-(2-fen-Butyl phenyl ) oxanylqjgal ani nyl i amino-5-(2',31,5 ,6'-tetraf
| uor ophenoxy)-4- oxopentan oic acid (50 ng, Form|) was dissolved in methyl
et hyl ket onacHjeledrby .rredfihe ar @@pdubd i foghuwsa (X11B otittitanoamideasoupling tagenk guchdds aited wit h
tol uene (3 gnodithide.al | oned to evaporate at anbient tenperature for two days
until an opaque material forned. The opaque solid was collected by vacuum

filtration and air- 20 dried under reduced pressur er %P%rPX'”H%F|y 10
mnutes to i @MEeR?. B HGURIXRTM P9 Prerrect WelrBingaggtore-dimethyiamalonate ‘with 2

| nanot herSex genrdtenetat 10188 R.2g4MrEiNerftEnzeps-f - But yl phenyl ) oxanyl i al ani nyf | am no- 5- (2
',3,5",6'- . tetrafl uorophenoxy)-4-oxopemanoic. acid . (700 ng" Form|l) was

di SSIO![ ved i E c&f}pom;ci qumzu'lab(w) ﬁE&fpd_%lgtbé Hre;galfb)ﬁlb%; edilwlg Aﬁ%ﬁ\@(ﬁﬁa of Wrrhila &AM whakih O'[]h The
resulting cLear, splution was filte in Ji ]

totuene (4ortie Prad dfuul By iftte g, Polall el Mot

anmbi ent t enjseEreatvaYIeR"P Gpatie Hispeivaisst sPPcies YR R dpyl Seapigifd 1R R ICATP PN fed. The

gel - i ketOmatoeniiaal was vacuum filtered at roomtenperature for approxi mately 30
mnutes to yield 6.33 Mg of FormIll. In another simllar experinent the

2- but enonettol uerte solution was allomgg\lo evaporate at roomtenperature for
6 days. The solid produced was not va€uum@&®jHered or further dried in air.
The product was Form 11l (700 ng) ¢ 30 Preparation of pure formll by

dehydr ogenati on of a benzvl ester pwyectungsor (wth seeding)

(39)-34N- (N42-tert-Butyl Phenypoxanyl ani nyl iram no-5-(2',3",5" ,6"-tetrafluoro
phenoxy) - 4- oxopent anoi ¢ aci d bengyl &sterF(500g, 0.758 not) was added to
tetrahydrofuran (2.6 litres), with stirring, 35 at 20C. Pall adi um on carbon
(10% 50g) was then added and hydrogg¢xxwas applied to the headspace above the
liquid at 20 pounds per square inch (psi). After four hours, the catal yst was
removed by filtration through a bed of iteO d the filter cake s washed
Wtn tot rardtra e e e e Poapo i b e e it sobihe 8 S

evapor atlboresgteaedimidhder vacuum until a volume of 2 litres remained and

n- hept ane was then added, with stirring, over a period of an hour. A seed of
form 11 (4.32%poWas! fadhde gyx) 46y apekpstd byliefg E0mtticude erfvaive Bithlaoaarisg @bup20C.
Further. n-heptar @si&gg]e%i-éﬂlotdé?eﬁa acWRRithl e RoBkeathrA Bk, 3.8 etrdidrophenol. -

2008/ 068615PCT/ 1B2007/ 003900 12 suspension was stirred at 20C for 12 hours.
The suégension was then cooled to -5C over six hours, stirred at this

t enper agfr e FFPORHSUC R h BB 29 PrPPECRET OV TRE P bt *Wd's 2REPEFREE Wi t h

n- hept ane4 Zroupdad detinee bogen bh ageteriedienbodmemdie is beery @ ad ledIBickyserbdrsl. hour s to gi ve
pure formll (My). 5 As indicated above, the anorphous form of

(3S)-3-(1\4-(N -(2-tert-butyl phenyl ) oxanyfl at a. ni nyl | am no- 5-

(2',31,5 ,61-tetrafl uorophenoxy) - 4- oxopent anoi ¢ acid can be prepared by the
speci fic and general processes described in patent application WO A-00/01666.
The conpound may al so be prepared by the route shown in Schene 1 bel ow.
Naturally, the specific procedures enployed in Isolating the product may
result in the preparation of the anorphous formor one of the crystalline
fornms of this 10 invention. WD 2008/ 068615PCT/IB2007/003900 13 Schene 1
Deprotection jnSchgneJdegresents suitable carbokyl, protecling _group, such as
, benzyl. Ot her exanples of 5 suitable protecting groups nmay be found in
Protective Groups in Organic Synthesis by Theorora G eene and Peter Wits
(third edition, 1999, John Wley and Sons). A compound of formula (Il1) is
therefore deprotected in order to provide the compound O tor-mlli (1), using
conditions selected appropriately according to the choice of protecting group
Pl. For instance, if P1 is benzyl, a solution at the conmpound of formula (11)
in a suitable solvent (such as tetrahydrofuran) may be treated with a 10

hydr ogenati on catal yst (such as palladium on carbon) and exposed to an_

at nosphere of hydrogen gas. A conpound of fornula (I11) may be prepared by
coupling an acid of fornmula (IIl) wth and an amne of fornmula (1V). The am ne
(I'V) may optionally be used in the formof a salt such as the hydrochl oride.
Any suitable peptide coupling agents may be used. In a preferred process, a
solution of amne (IV) and acid (Ill) in a suitable solvent (such as

Y T PR [ <R
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WO 2008/ 068615PCT/ | B2007/ 003900 14 Schene 2 The conpound of fornula (111) may
be prepared by treating a conpound of forrmula (V) with a suitable base in
order to hydWéP?@@“%H% ester functionality. In a prefer P&dTBI8EWdNPe, a
solution of the conpound of forrmula (V) in &suitable solvent (preferably
tetrahydrofuran) is treated with an al kali netal hydroxide (preferably lithium
hydr oxi de). 10 The conpound of fornula g¢v) may be prepared by coupling an acid
of formula (VI) with an anmine of fornula (1 X). The am ne of formula (IX) may
optionally be used as a salt, particubaetes as the hydrochloride salt. Any

sui tabl e peptide coupling agent may be used. In a preferred procedure, a
solution of acid (VI) and amine (I1X) in a suitable solvent (preferably

di rethyl formam de) is treated with 15 a ¢ EBRi i mi de coupling agent in the
presence of a base such as N-nethylrnorpholine. The conmpound of fornula . (V)
may be prepared by treating a conpoqu oflformula (VII) with a base in order
to hydrol yse the ester functionalityP'HW a G@gferred procedure, a solution of
t he conpound of fornula (VI) in a suitanﬂ|soIvent (preferably toluene) is
treated with an alkali netal hydroxide 20.2preferably sodi um hydroxide). A
conpound of forrmula (VII) may be prepared by treating an am ne of fornula
(MI1'1) with a conpound of forrmula (X) in jthe presence of an am ne base. In a
preferred procedure, a solution of compounds (VIII) and (X) in a suitable
solvent (preferably toluene) are treated with triethylamne. 25 A conmpound of
formula (1V) (see Schene 1) may be prepared by the route shown in Schene 3

bel ow, wherein 131 is as defined above aag)gQ is a suitable am ne protecting
group (preferably a fen- butyl Oxycarbon group, DOC). Exanples of suitable
anm ne protecting groups may be found i 15 'Protective Goups in Organic
Synthesis' by Theorora G eene and Ret exA\WI third edition, 1999, John Wl ey
and Sons). Schene 3 01l The® &®hpodhd of! formula (1V) may be prepared by
deprotecting a conmpound of formula (Xl), @siX¥lhconditions sel ected
appropriately according to the choice of protecting group P2. For instance, if
101 is

.
COP' ¢

o~ F
o X F

P?HN

5 A compound of formula (XI) may be prepared by displacing the chloro group in a compound of formula
(XXI) with the phenolate anion derived by deprotonation of 2,3,5,6-tetrafluorophenol. Preferably an
alkali metal salt of the phenol is used, most preferably the potassium salt. Suitable deprotonating
agents are therefore sodium or potassium hydride. In a preferred procedure, a solution of the
compound of formula (XXI) in a suitable solvent (preferably acetone) is treated with the deprotonated

10 phenol in the presence of a nucleophilic catalyst (preferably sodium iodide).

A campound of formula (XX1) may be prepared by activating a compound of formula (X1} and treating
the activated species with a doubly deprotonated form of 2-chloroacetic acid. Activation may be
achieved by conversion to an ester or by treatment with an amide coupling agent such as a

15 carbodiimide. In a preferred procedure, a solution of sodium chloroacetate in a suitablg solvent {such
as tetrahydrofuran) is ireated with zinc chloride and diisopropylaminomagnesium chioride and then
added to a solution of the methyl ester of a compound of formula (X1M).



fert-butyl oxycarbonyl then a solution of the conpound of formula (XI) in a

sui tabl e sol vent épreferably 10 , ethyl acelate) isfreated with an acid
(preferably W9a8esebri c acid). Care nust be taken in t RETARWIEY3WYW protecting
groups 1:11 and P2 so that the conditions necessary to renove protecting group
P2 do not al so renpove protecting group P . A conpound of forrmula (XI) nmay be
prepared by displacing the bromde grouyy in a conmpound of 15 formula (XI1)

wi th the phenol ate ani on derived by deprotonation of

2,3,5,6-tetrafl uorophenol . Preferably an alkali netal salt of the phenol is

used, nost p gﬁjg%m@s%&’e hiREoeROtBS Bk Mmu%ﬁdnnn a S de h BhEUCRd A hagleR@eNt s are
ther ef ore so %PIP{[UO jon Ql ngsth;}{)glflallr %d of dﬁfrﬂna&r ?CE]%EFF(IQ‘%IOR '}@&Egg"& cap @ulesm ution of

t he corrpoun(:?“l’ffd1"i é Acet one) is
treated wit huch hdogepiont ?ﬁ*’i‘éf@&f aﬁﬁ&‘%’?tﬂ”'ei"% agnistasedadhe ARt ippte o @ Y BERIAR Ri ¢

cat al yst 5( preked alsyle,soflioismsizomistiai). be 2On-hikgresseriroard dorgrfrespigie. fdigrescepiaty P nay  be

prepared by i a,zgma«m paetsind ed b eivalsbgatd 0 potaicy anmaerat capfchbrge niuing (X1 11)
In a typical ropes%?rggs ?ue 184h &Jia’% &f%iepgndtvla\@r u&%&@#‘@&l 19 hoot RwEdrackistkd dg. 1N a

t abl P d t th
Z.UIC h?or g f 3??}%’?’2‘9 (%38 é% § ruB Isubgtanc% Bhoteﬁd %(lsq{ﬁ%sslélgs%@zlubﬂ?y 3”5 %?e d)?&‘ssgllﬁ%ﬁ ?ﬁéa\éft]oy Wi (a)

erably
N- met hy| mor phiglblopsyabiliy |9y e’ﬁl’P%.‘?d?rﬁ‘F rsasms CRENMERY T'?S‘“ﬁ&??ﬂed&@ﬁ °b<P%>rﬁ lﬁéﬁ'@'
2008/ 068615 REDH/IBRONH-0UBBO0/IHeroSar6E) fideralvgiephene)ireoregrmsig s glessrisdedur es
whose pr epaﬁlﬁt/é RfYe RRSIAOIopBBeste B Mkinb @Ak are Suitgde BSfocRRMPOUNEBEetobnd @pses.a (VII1),

(rxy, (X a LAt Sngmrer ci al Iy avail abl e and/or can be prepared by
routine proEoer redsak i %Ilﬁ the skilled person's common general know edge. 5 A

conmpound of formula (XI 1) G\%éal so be prepared by treatin a conmpound of
-fornul a: PEYdNSCIRCEY Wa@)%F’\?ise foETs 3pq 1ppipe Bwamif ¥apgy sgEf {BYF) AB8 &R t h

tri met hyilss ubgh onrasnTisay ivde { $UBHS)\BBswen@t Jyplerphidd, syregisiepoup forRtiorheayEMehd
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Table 6 - Waler sorplion data for Form |
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%RH . . ... Water Sorption (%w/dry w)
' Sorption Desorption
15 0.018 0.015
30 0.028 0.025
45 0.049 0.037

{60 0.072 0.055
75 0.110 0.105
90 ‘ 0.208 ‘ 0.208
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taken to ensMPEVBNEOISt he met hyl ester noiety of conpoundCIHBAN7/0890Rpr e
reactive and therefore nore easily hydrol ysed than the protected carbonyl
group --CO2P1, especially where the latter group is also an ester. A typical
hydr ol ysi ng agent is sodi um hydroxi de.220 A conpound of fornula (XVI) nay be
prepared by activating a corrpound of formJIa (XI'l'1) and treating the activated
species with a doubly depr ol IzhiafeWakrs aloEB¥BEund of fornula (XVII).

Nucl eophi lic addition occurs foI I owed by decar boxyl ati on. Activation may be
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are protec{fhg groups as defli ned — ln-a-preferretanbodiment, al is
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respectively) and treating this activat ed speC| es with a doubly

protecting
rbonyl
depr ot onat ed

”ﬁa%FQU&fas le@%ﬁ%aca(b&'u JsudFPed '@l B0 ake“@r epar ed by

formof a oRROUNEhicaly- kot asnmalrais, su¢h@)those incorporating a radioactive isotope, are useful
in drug and/or substrate tissue distribution studies. The radioactive isotopes tritium, i.e. °H, and carbon-

14, je. "C, are particularly useful for this purpose in view of their ease of incorporation and ready

means of detecuon.'

15

Substitution with heavier isotopes such ‘as deuterium, iLe. ?H, may afford certain therapeutic

advantages resulting from greater meiabollc stability, for example, increased in vivo half-life or reduced
dosage requirements, and hence may be prefe_rred in some circumstances.
20 ‘ o . ) . 11 18 15 13 - f I . P .t n
Substitution with positron emitting isotopes, such as "'C, "F, O and "N, can be useful in Positro

Emission Topography (PET) studies for examining substrate receptor occupancy.

isotopically-labeled compounds can be prepared by conventional techniques known to those skilled in

25 the art using an appropriate isotopically-labeled reagent in place of the non-labeled reagent previously

employed.

(35)-3-[N-(N"-(2-tert- -Butylphenyl)oxamyl)alaninyllamino-5-(2',3",§’ ,6'-tetrativorophenoxy)-4-

oxopentanoic acid is an irreversivle pan-caspase inhibitor which inhibits cellular apoptosis, as
described in WO-A-00/01666, and the crystalline forms of the compound provided by the present
invention are therefore potentially useful in the treatment of a range of conditions including infectious
septic shock, respiratory diseases, inflammatory conditions (e.g.

30

diseases (e.g. meningitis, salpingitis),



Activation may be achieved by treating a conpound of formula (XIl1l) with an
am de coupling agent such 15 as a carbodii m de. A conmpound of fornula (NX)
may be prepa‘f’ga‘"’g&@ﬁsﬂseati ng an acetic acid derivative WPCHTBZPEWNOAg group -
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5,6-tetrafl uorophenol. 20 A conpound of fornula (XI) may al so be prepared as
shown in Scheme 6. P1 and P2 are proteé®ing groups as defined above. In a
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i ntegr part, of the equipnment. The results are tabulated below, in Tabl es 6
and 7 and pf’ot't ed in Figures 15 and 16. Table 6 - Wafer sorption data for
"Form f ‘

Formulations suitable for oral administration include solid formulations such as tablets, capsules
containing particulates, liquids, or powders, lozenges (including
 liquid-filled), chews, multi- and nano-particulates, gels, solid solution, liposome, films, ovules, sprays

40 and liquid formulations.



26 a/ 0BH Water Sorption (% dry w)

Sor ption Desorption 15 0.018 0.015 30

0.028 0.025 45 0.049 0.037 60 0.072 0.055 75 0.110 0.105 90 0.208 0.208 WO

2008/ 0686 15PYF LRI 003900 22 Table 7 - Water sorpti oRCAABHOTYEEor m | t

Water Sorption (9% dry w
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~ such as those described in Expert Opinion in Therapeutic Patents, 11 (6), 981-986, by Liang and Chen ‘

il

24

Liquid formulations include suspensions, solutions, syrups and elixirs. Such formulations may be
employed as fillers in soft or hard capsules and typically comprise a carrier, for example, water,
ethanol, polyethylene glycol, propylene glycol, methylcellulose, or a suitable oil, and one or more
emulsifying agents and/or suspending agents. Liquid formulations may aiso be prepared by the
reconstitution of a solid, for example, from a sachet.

The compounds of the invention may also be used in fast-dissolving, fast-disintegrating dosage forms

(2001).

For tablet dosage forms, depending on dose, the compounds of the invention may make up from 1
weight % to 80 weight % of the dosage form, more typically from & weight % 1o 60 weight % of the

dosage form.

In addition, tablets generally contain a disintegrant. Examples of disintegrants include sodium starch
glycolate, sodium -carboxymethyl celulose, calcium carboxymethy! cellulose, croscarmellose sodium,
crospovidone, polyvinylpyrrolidone, methyl cellulose, microcrystalline- cellulose, lower alkyl-substituted
hydroxypropyl cellulose, starch, pregelatinised starch and sodium alginate. Generally, the disintegrant
will comprise from 1 weight % to 25 weight %, preferably from 5 weight % to 20 weight % of the dosage

form.

Binders are also generally used to impart cohesive qualities to a tablet formulation. Suitable binders

include microcrystalline celiviose, gelatin, sugars, polyethylene glycol, natural and synthetic gums, '

polyvinylpyrrolidone; pregelatinised starch,-hydroxypropyl cellulose and hydroxypropyl methyicellulose.
Tablets may aiso contain diluents, such as lactose (monohydrate, spray-dried monohydrate, anhydrous
and the like), mannitol, xymol dextrose, sucrose, sorbitol, microcrystailine cellulose, starch and dibasic

calcium phosphate dlhydrate

Tablets may also optionally comprise surface active agents, such as sodium lauryl sulfate andA .

polysorbate 80, and glidants such as silicon dioxide and talc. When present, surface active agents may
comprise from 0.2 weight % to 5 weight % of the 1ablet, and glidants may comprise from 0.2 we\ght %

to 1 weight % of the tablet.

Tablets also generally contain lubricants such as magnesium stearate, calcium stearate, zinc stearate,
sodium stearyl fumarate, and mixtures of magnesium stearate with sodium lauryl sulphate. Lubricants
generally comprise from 0.25 weight % to 10 weight %, preferably from 0.5 weight % to 3 weight % of

the tablet.

Other possible tablet ingredients include anti-oxidants, colouring agents, flavouring agents,

preservatives and taste-masking agents.

oYRH



Sor ption Desorption 15 0.007 0.009 30 0,014 0.015 45 0.020 0.021 60 0.029
0.031 75 0.042 0.044 90 0.057 0.057 The present invention includes all
phar maceut i AP PY8EEREEDt abl e i sot opi cal | y-1 abel | ed vari afCd/TBI00 08
crystalline fornms provided by the present invention. In an

i sotopically-labelled variant, one or nore atons are replaced by an atom or
atonms having the sane atom c nunber, b5 an atom c nmass or nmass nunber

different fromthe atomi c nmass or mass nunber which predom naheo/s in nature.
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conmpounds, such”as those incorporating a radioactive isotope, are useful in

drug and/or substrate tissue distribution studies. The i ti sot opes
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purpose in yoraws of bitdieinay etegelivelf bé We‘ordp'oP&W‘Wﬁa%ﬁ&d’r%‘oﬁ?ngﬁ'e‘?@éﬁ’gmﬁd

det ection. Subetiiticig. Ofe Whd) loreaisti @ey tcaptiep®s os mote lasrscead ey barepated @ 2H, may

afford certarcrgatgtpﬂngf)g,g,;,_l,ecen@aggﬁgggages resulting fromgreater netabolic
stability, for exanpl e, increased in vivo half-life or reduced dosage

requi renents, and hence may be preferred in.s citfcunmstanc titution
wi th posi@ rahe ermyatiphg PRRHt Bﬁééuss?dﬂﬁ—ﬁ@%ﬂ%g-‘% .t S’?I S%ﬁﬁbe usef ul
in Posi tronLEmnsmammLT@qugmwplhglDélka’T')'e“s\fod‘di%@ for exam ning substrate receptor
occupancy. | sot opi cal | y=1 abel ed conmpounds can be prepared by

conventional, t?fnggl]ngy the mgm b s 0SGa1$ Kinbitifsled iMthe Borrh biex cafisimatd g filen
appropri at e tc:r tsu?man or ve enn ry use bc’%oh Srirh sargnﬁgﬁy a prElevlafé?soQ;olerohﬁatQQwﬂéﬂlalﬁ@ﬁ*\Qﬂ\ reagent

revi ousl
P 15y dosage form which may be rapidly dissolving or mucoadhesive and typically comprises the compound

of the invention, a film-forming polymer, a binder, a solvent, a-humectant, a plasticiser, a stabiliser or
emulsifier, a viscosity-modifying agent and a solvent. Some components of the formulation may

perform more than one function.

20 The fim-forming polymer may be selected from natural polysaccharides, proteins, or synthetic
hydrocolloids and is typically present in the range 0.01 to 99 weight %, more typically in the range 30to

80 weight %.

-@iher'»possib!e.ﬁlm,ingr.ediems.-include, anti-oxidants, -colouring_agents, _flavourings and flavour -
o5 enhancers, preservatives, salivary stimulating agents, coeling agents, co-solvents (including oils),
B emollients, bulking agents, anti-foaming agents, surfactants and taste-masking agents.

Filrﬁs in aecordénce with the invention are typically prepared by evaporative drying of thin aqueous
fiims-coated-onto- a-peelable-backing -support- Or-paper. This.may. be.done.in a.drying oven or funnel,
30 typically a combined coater dryer, o by freeze-drying or vacuum drying.

Solid formulations for oral administration may be formulated to be immediate and/or modified release

delayed, sustained, pulsed, controlled, targeted and programmed release.

35 Suitable modified release formulations for the purposes of the invention are described in US Patent No.
6,106,864, Details of other suitable release technologies such as high energy dispersions and osmotic
and coated particles are to be found in Pharmaceutical Technology On-line, 25(2), 1-14, by Verma et al
(2001). The use of chewing gum to achieve controlled release is described in WO-A-00/35298.

40 The compounds of the invention may also be administered directly into the blood stream, into muscle,

or into an internal organ. Such parenteral administration may be via the intravenous, intraarterial,
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swal | owi ng, refesetNiltied tglsase drepyatsriigiaeast &esineh #Ulgds EIBPIRE €85 9N PFERP™Br  buccal
or subl i nguakeagdm ni strati on may be enpl oyed by which the conpound enters the
bl ood streamdirectly fromthe 35 nouth. Fornul ati ons suitable for oral
adm ni stration includ id f t1.0ns i ont ai ni ng
parti cul eb,‘e ﬁOfnﬁod’f]%so(?m%?MﬁgWgﬁ g'w ) oéfgﬁﬁgzelaqﬁ?@%ﬂé'%gi)ﬁﬁr@au&ﬂﬁfdétﬁthgi 'l ed),
chews, nul t form glF@mPaKLs: fﬁﬂff?‘?ﬂ‘ﬁ1aéﬁé'§ﬁ‘“’*ggﬂ’ xampis if oy |eﬁ‘ﬁf"8ﬁ“,°‘°ﬁ PSR fi | s,
ovul es, spr aymodDamdick. lguixamifico mirad #ith RheseholiPige SPEUB1RIEHHAGNTINE) TBYODIY 003900 24
Li qui d for mydwatd ihaisr dr BEAnLE@sS bsfensi qnssurisal wtisionspurpyspapstoaiser (ekiereblys.  Such
formul ationg, msepﬁsingmhgyﬁ@d)ﬁgmité l'c!(p%ﬁ&e'a'ﬁn@rﬂifs?, opﬁeb}]@érgmiﬁ%ﬂﬁiﬂ&ﬁ&e agf)ft ypi cal ly
conprise a carrier, r.ex : er. e n Ly

propyl erf® gf P HEf 'ﬁam cs%‘i%ln%l g’%{é%%}aﬁué"ogh?%agl 3’1g%lﬁﬁaﬁﬁtgﬁﬁgprgéaxﬁbrdé

emul si fyi nginkapeset ye diFdPYIer SRPBHEF ﬁQ'“adQ%Sr‘u‘F@E"IEi“ﬁﬁ’faﬂ‘pleo‘i'hﬁcﬁf"h‘f'i‘“ﬁﬁgexﬁ‘ﬁy al so be
prepared by the 5reconstitution of a solid, for exanple, froma sachet. The
conpounds of the invention nmay al so be used in fast-dissolving,
fast-disintegrati ng dosage forns such as those described in Expert OQpinion in
Therapeutic Patents, 11 (6), 981-986, by Liang and Chen (2001). 10



For tabl et dosage forns, depending on dose, the conmpounds of the invention may

make up from1l weight %to 80 weight % of the dosage form nore typically from

5 wei ght % tWO8Wse¥ebht % of the dosage form 15In addi tﬁCGH?ZOPH‘l?PéPs general |y

contain a disintegrant. Exanples of disintegrants include sodium starch

gl ycol ate, sodium . carboxynethyl cellul ose, cal cium carboxynethyl cell ul ose,

croscarnel | ose sodi um crospovi done, popyvinyl pyrrolidone, nethyl cellul ose,

m croctystalline cellul ose, |ower alkyl-substituted hydroxypropyl cellul ose,

starch, pregelatinised starch and sodium al gi nate. Generally, the disintegrant

\évi)ll poLrpr iysﬁ'F];’ rre% ; d\éﬁ\ilag\gré 6&@; Q,a;,immierg;hﬁebﬂlﬁ’dkcomapﬁefselmabbrﬁuémmivggftbei ght %to
wei ght % of "t he dosage. orm r eF abdisd atb | npart

cohesi ve quaiempeuag ol '5‘g?q'§'t“)f°,enfp"?n8rfﬁ%@l&%ﬁ%ﬁﬁ%ﬁﬁq?ggﬁ){g&gﬁh A sg:é\;iﬁlagglgn

mi crocr yst al dgpméor depqraingoslbiisge PapeRdnadeigsf & STyt MY en g?ycoﬁl, nat ural and

synt het i c5QudFianalRaapwaitnypbimsseien toerte, oipe edfer endisreg8d®St ar ch, © hydr oxypr opyl

cel l ul ose and hydroxypropyl nethylcellul ose. 25 Tablets nmay al so contain

di | uents, S:’,ﬁhr tg'sseli# & Er??ogvdérrspgbg&}{gcgn%rﬂulatﬁﬂﬁf@&ﬁmﬁlﬁfb&ﬂt ifioohiyedned fze seiabiy dr ous and

the Iike), mdfffEol, DULLL oLy iSL0R8 WL ARE med B Biiddbe nylrg et al | i ne

cel | ul ose, sPafelyad ERIPadEea arci um rﬂQEB iate di hydrate (Tablets may also

optional |y compinutng msathof.ged ascpia)ist Q@'@ﬁuf‘%’, LUBIS SBEFUm au y% st?lr‘?at e and

30 pol ysqpbabe Rfgpadities, gghipckasnrshomagshisaisn & skraydpma-di oxi de and tal c. Wen

present, surface active agents nmay conprise fromO0.2 weight %to 5 wei ght % of

the tablet, (gﬁggule%:(ringoéngrsexme, QWJKﬁ& ht/U?Jx r&ylﬁet%kl@ﬁ&e),%ﬁit@s dndwertrigis 10 of t he

tablet. Tablets al'so generglly contai r wIHCHix 86indBgRRSIdWMNet ear at e,
cal ci um st eatsates" 95 °rs"€séf§?t§'¥r%a}y éomsqgﬂ%&umcgr%zm éﬁ F U or ARG M Xt ures of
e

r mar at
magnesi um stie@ntiet.a syiabh PYER KaPR TUHLAS (oo PREY %S aﬁedfﬁf"?ag‘éen'?%ﬂ%g ner al |y conprise
from 0. 255Weighibe, ¥ahotoll@ mwanevm Searat: dhe flasBieym PV REniYEeusS he &P &t é‘ewei ght %
of the tabl efqoniRe2ROSLNGRELBPCTEBRDE 21 AB38 BOuR e ragFeseynalessi €Pdohc ont ai n
up to about 80%drug  frQm@Raubel0 Wei ght % to about 90 weight % binder, from
about 0 wei g’ﬂ' ﬁ to about 85 weight %diluent, fromabout 2 weight %to about
10 wei ght % disintegrant, and from about 0.25 wei.ght. % t0o. aho i ght %
| ubri cant. 5A TabtesolPeiRdeiaiRg/oHEe EAKHY s§b%f'"8}éggcgp¥d§°d%ntraggggrH;t‘dluée(r)a ?%rrpacti on
t o form tpabl ekisnay Faddiettorbive tri2dmgot e paPeys obie BYG@W&&WW&%F%‘? SETVETY be
wet-, dry-, QuumB®lap vy e @ioedoy. mejrcadomget®h edy coaowrisex tomeend BFLPENtoBbl et t i ng.
The final formylatlen JRK GRAREESLSANAGOH ciidie Alaysyssavats weish e lostded or
uncoated; it even b%,gpig%%.gg,ycgpoegﬂpg@m be dygdimul ation of tablets is
di scussed in'”ﬁ‘?élpfrféoc%mei dal sage Forns: Tablets, Vol. 1, by H Lieberman and
L. Lachman (Marcel Dekker, New York, 1990). The coggoiunds chf] ok Qecclgaquglnti on may
al so be @5al Sutatgeciivoviieg esedel sPep asHeENB f (OB B8N Y BB of Al F T m T or human or
vet erinary .Usgshapuetiun rfsy bereddsd toypeeainujzticns gl theipyeatiopdespeddey|iRppiedinignasal
wat er - swel | ap] e.thin film 15 dosage form which may be rapidly dissolving or
mucoadhesi ve" and typically conprises the conpound of the invention, a
filmformng polyner, a binder, a so|vent, ati i bGh&RiEd @
st abi | i ser oFOf@H‘iﬁ'P'Lsi"P’i"@?'?é/'ﬁ'a{)?sglc%gji'?ts{?%{'%ﬂﬁ t%idr’{gggg%g? %%%ﬁe:%ke;aégegﬁ% o SONe
conponent3® ofeletshassifigy fanakagtrieoRCifa ) opbAdf 8FaTe G tdﬁaﬁ OHEH P RS o S e
fil mform ngapakydreprograyméselsekect ed from natural pol ysaccharides, proteins,
or synthetic hydrocolloids and is typically present in the range 0.01 to 99

wei ght /0, nor e ng@poif ﬁrglﬁ%\)/del ﬂhﬁtgé?searrd%@%q@%eh@saéé)um @drmifed by meahd bt@rvaive

possi bl e fi Ilr‘hl‘] ngr edi s 1 nclud ant | r oxi t : Qlikd P agfNdcse o,
f1avouri ngs Wi dP'l"%’éGd’Pe‘e-'gdz%'é"Hﬁa h(?eorvgr,"’"‘ %a;a‘égéelrg\?"; PSS@&L‘sm J|'*vary stimul ating

agents, @80l hargusaggre diyidesslosse VAR {9 9% udi ng oils), enollients, bul king
agents, antkoam ng agents, surfactants and taste-mnmaski ng agents. Films in
accor dance LRl BURIThIARN#:G ol &da«}irﬁé’dréoyrﬁé@mlﬁﬂ%@m\bw iovapof@piavesdtyi ng of
t hi n aqueous Til nneatetonto-_a-pe =ha itioRal BB dkitofl bdR@ P8 - varldis S- MaYy .
be_done .in %FWHFVWﬁgm%v@hoB?ﬁ?ﬁhE% , %%thpiggwfiya @%nbﬁ%ed coater dryer, or
by fr eeze- dr giiemgjivesrmay BREFEHPAPYONE'S Sol i d fornul ati ons for oral adninistration
may be fapnmul ated to be i medi ate and/or nodified rel ease del ayed, sustai ned,
pul sed, controlled, targeted and programmed rel ease. 35 Suitable nodified

rel ease formul ations for the purposes of the invention are described in US
Patent No. 6,106,864. Details of other suitable rel ease technol ogi es such as
hi gh energy di spersions and osnotic and coated panicles are to be found in
Phar maceuti cal Technol ogy On-line 25(2), 1-14, by Verma eta! (2001). The use
of chewing gumto achieve controlled release is described in WO A-00/35298. 40
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WO 2008/ 068615PCT/ |1 B2007/ 003900 26 -intraperitoneal, intrathecal,
intraventricular, intraurethral, intrasternal, intracranial, intranmuscular or
subcut aneousWVP 3886, t abl e devi ces for parenteral admP&TdBI8YE08M0i ncl ude
needl e (i ncluding mcroneedle) injectors, needle-free injectors and infusion
techniques. 5 Parenteral fornulations are typically aqueous sol utions which
may contain excipients such as salts, cgﬁbohydrat es and buffering agents (a pH
of from3 to 9 is preferred or so ons,. t he nor e

sui tably forfRM4Ed 25 reé‘a'@‘fg)@a'i ?d@‘“ﬁ‘(‘ﬁin‘mé'aﬁye%%@'"gg}eﬁ q ES% '"b"r’ed'ﬁte an&grmé/dg'e ormto be
used in conjraResei Yerifigd reipage ‘Mdﬁsﬁ!a)@dwﬁ?'@ﬁdep%%HOVHS"eg’t‘é'B‘F‘?dea"dﬁ?ﬂ@@@ﬁdfree

wat er. 10 Theefeeparati on of parenteral fornul ations under sterile conditions,
for exanple, by Iyophilisation may readily be acconplished using standard

pharmaceut| ca, LM 62 Elin ma%g@ od Quctdh8 bk oStL 4,2 o %«? 1flckay if G mul at i ons

for paren m ni strat n;{,re g

nodi fied 15 'PEY EfE®s I%Eh"?ﬁ’%'aeq' sé'Fpé?fé% o RUYUery BSOlpRiF: éﬁf/{e"’lﬁl’”sﬁ Stedp sige rb&ﬂ' sed,
control | ed, ftrawgineduishid 'pr esgramyediral élreingetionTheue (Rﬂ*lb%’lﬁﬂ(?@dQSfad@q’Fe(ermvent i on
may be for mivediedie@s! sporged, bdlage®@nd nodObidedradablet (B xliton@pmparts, gaférsl Idnees and

adm ni st r at ' % ciste BVebilR RRERE s%m%.oway b b BmBD dichiyae SisH LarRsdalindelne
conmpound F?/c(yl(% Fmé pgyvmgr‘foﬂg eh%/alsrgnlcs Ug g;\%hﬁlé Ogagfglﬁepc'f&de%gqshhg coat ed

stents an d’é’ act m cro

corrpounds ofhy?’%p’PW{F@HW'F?HH“ﬁ’a d’ei1‘y§‘8y'cﬁ@'°é?i me§'¥'e‘ie@‘{?s‘f Spie c'é?fef%?m’(SBccf‘?ﬂgeskl n or
mucosa, i- e.pogmenredr|axarone, taclamsar med bey incorgqrtesiatogethsr mih &t Presgeyatver suchiag

pur posei nCI Wdeagalismn chitydd udelosnulalicdt inese be adivrdddnBrtophdedani sr oi nunenrc. ,
dustiag_pow. der.s, dr_essingalLans _films skin_patches, wafers, irrpl ants,

sponges, a Gk i S sed
Foorgey 8 ermsat.?n@f}g A8 B0 I GETYIeD 8 Gimukb 45 0 T IR %agp@p etr§| o
white petr olfﬁfﬁiﬁi"‘%fle?é%?a?%'”c“ﬁﬁf Sy F‘iff?é‘eﬁlp)‘)'é‘??r C%Hﬂe‘g ‘?S?ﬁ}‘?d P&ig%

Penetrati on réedsancers nay be incorporated - see, for exanple, J. Pharm Sci .
88 (10), 955958, Finnin and Mrgan (Cctober 1999). O her neans of topical
adm ni st rat i4@0 coifelidd @t He nlehfnymd) Ye c&hRel WAPH EdibleGRbcromoREUR BRBL S&h Ss a

phonophogesi & x%%?% %ﬁa%éldémgﬂg mereaa & acgo%ﬁﬁqu Sy com%ﬂf;lg %olweeqn (zr%ergo

Powder j ecel , istration
may be for m_ﬂ“pé,?vé do)tx%myb 8)530@4% (TIN% tas{e anhaaylr@r Euﬁ%/ajiF Iméand/or tg%{llstye Bi\}bsﬁu"? nég»]f {Bel ease

i ncl udes delaﬁ’gﬁéﬁmmgﬁ‘s“t%?srfééf"m"]dﬁl?‘%d controlled, targeted and progranmed

rel ease. 35 The conpounds of the invention can aI so be adm ni stered

i ntranasal | \orleydiitesirnitahpde el pib, @i tbupd tabe g rdil@iisBnuirbr neosthioyagp @ifkednd (€1 t her
al one, a a%:ﬁngtrﬁn 1rotfté¥r Bﬁﬁ(mlioﬁ and %nﬁncggl% &"nﬁl@)@S \Maff Be b%@tﬁ%ﬁalté?ﬁatl\%sloa .m xed

conmponen art 1 C , S S
ph(r)n;phat i dyl Eeﬁbfcinw g ah?n w«% tﬁeny ?/ trbe ‘(‘Xg% exirln H‘na)( Qe-useg a a|1 %ﬂxnﬁagr%g@}l@, %pl’ Ay from a

pressuri sedcethitHigief", S°bﬂ'h°'ﬁ N@ﬁﬁa'pmonévwa?ﬁ fQ'éPesE B?’%‘fsésr%{ﬁla?“aaﬂe‘é‘ta@ﬁﬁwd usi ng

el ect r ohydr oghprening sxdraplggra dibicke may ¢ freingrins WP A-&r 112 W Q-4-84/025%% end WP-Ani t hout
the use of 48sa4guitable propellant, such as 1,1,1,2-tetrafl uoroethane or
1,1,1,2,4 3, 3-hept af | uor opr opane For intranasal use, the powder may conprise
goggfggggi%é%ﬁ%rﬂ%t%aolﬂ/taﬁ exzé}%B ’thleﬁcnéltdg lzgose oy the of%@g‘g’% t%é ﬂvembomm typn:af)llyay

at omi zer or baiBBA @'@éﬂoéd}?fk&?%%o%‘g%ldﬁﬂef“aw 8‘r°°§'ﬁ%;?§r‘f§| Weefadmw‘f ISAY8ENd of the
i nventi on cempddisiangperfatiectseathpbre,routst wiibiiéally Reqiti e uenset rat98 ImggThedotal daily

sui t abl eAl t gsBakj Meadr@RRtedkOs sitlfisqped & iab gyid@lotddiahd Aiyng terphexiaendidgor, el ease of
the actiye, a &Ja%%?thét?gﬂa ré)ge?aveﬁ%réﬁﬁ”t and an 5 optional surfactant, such as
sorbi tantri‘of eate elc acid or an oligolactic acid. Prior to use in a dry
powder or suspension formulation, the drug product is mcronised to a size

sui t abl e f oFordhel avejeanse %VmibhF%'%?sdﬁfe("ﬂ?ﬁ[eéﬁlel"y'”F'E"?s’efﬁrﬁ%ﬁ?s5’"r‘ﬁaﬁ‘feo??éf‘?“"e This may
be achi evedadaypropmypcizppaiopiti at e comm nuting method, such as spiral jet mlling,
fluid bed | et m I I [ ng, supercritical fluid processi ng to 10 form

nanopar H?Id gs an C r eSSy e pﬁggyg,gm (8Ll ,9[N 9{],659& ﬂ,{)&la g)a,ammo%s (made,

for exa atl n or ’? %/‘ %ﬁl cellufose Ssters and
cartridges P@"r5tﬁs‘@'af“f‘i""a?F”PWh‘b‘P"éPe”@P ‘?Fé“ﬁ PHREUTHES S W‘P%{”é'&?‘“f €contain a
powder m x of the conpound of the invention, a suitable powder base such as

| act ose or starch and a perfornmance nodifier such as 15 1-1eucine, mannitol or
magnesi um st earate. The | actose may be anhydrous or in the formof the
nonohydrate, preferably the latter. O her suitable excipients include dextran,
gI ucose, mal tose sorbitol, xyli toI fruct ose, sucrose and trehal ose. A
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20 mst may contain fromlug to 20ng of the conmpound of the invention per
actuation and the actuation volune may vary from 10 to 100ul. A typical

f or mul ati on WaYY88¢#HIS se a conpound of the invention, prPGWF@%"Oé{"QCOI ,
sterile water, ethanol and sodiumchloride. Alternative solvents which nmay be
used instead of propylene glycol include glycerol and pol yethylene glycol. 25
Suitable flavouring agents, such as nment?fol “and | evonent hol, or sweeteners,
such as saccharin or saccharin sodium my be. add‘ed @o t hose f rrrulngti ons of
the invent i offeSepitiREfiol) My e Pl °8‘89”?eﬂf”lﬂé?5‘é‘§ﬂlphaé'a??f’ RYIE a5 VF SifPotnG. or with.

For nul at i onstwher mpgtritieeeheimsraicgivalis attiveaedrmpendss paticklarly imtas trepdmenbe! fiyar fres- t o be

i medi at-e anghr @karkpng isfidhett idbitdrehnas eduisistrgd sifaranexaympéaentitiploA sepiattlyfin ed

rel ease incl Ydes. e WY& or ronsdgaid@leediidhsed, control led, targeted and
programmed rel ease. In the case of dry powder inhal ers and aerosols, the
dosage uni't is determ ned by nmeans of a valve which delivers a netered anmount.
The overal | daPl " ao¥E! #as0t st anthsy'AR LiNE'®8 i n a singl e dose or, 35 nore

usual |y, as divi dextRdosegorishr oughout the day. The conpounds of the invention

may be adm ni st ergashifsdnalideysuliasYR@dniigl |y, in the form for exanple, of a

suppository, pessary.or enems coa_but | is.g traditi . pository base,
but various alt eraﬁﬁ alm\'}’gﬁse Ctﬁﬁfiucggsc‘ﬁ%ngr(‘:l'z’%g&%‘%w"g%P %%%eeo?gg%%&hm%u&

2008/ 0686 95PCT? 1BIDG PN STOCUDES BSPPRIP QU rfErated fr PSR §agi nal

adm ni st rati one may Hwe-God redudizat etibibisuthes etamethti|t e ‘and/ or nodi fi ed rel ease.

Modi fied rel eage jightedodles del ayed, sustained, pul sed, controlled, targeted and
programed rel ease. , 5 The conp ds. ne . j nyent. Al e adm ni stered
directly to the 5;%3'08'?8Taeg§?t,sgcth a%lgl@agﬁ'@goi ahatg ??}e"p’)f(',’o%mw@?b’*g%‘ﬁg""%? nfl m croni sed
suspensi on or SoRUIMHRCSUPPrIseast Wy € cvclopedjclet el st eril e saline. O her

formul atiténs suitable for ocular and aural adm nistration include ointnents,

bi odegr adabl £q.(Wed apddsaé rbhemgelticSipangesie sae bhdxgreangs tednat. non- bi-odegr adabl e
(e.g. silicone) inplants, wafers, |enses and particul ate or vesicul ar systens,
such as ni osones or |iposo . A pol yner. suc cr =lir | yacrylic
aci d, pol yvi'?‘ﬁ?i”ﬁ‘fh@(ﬁﬁ&??geﬁ'{laagﬁ Eoragﬁfngteé%‘foajgm%o%%Iaﬁ'ﬁ? oS| ?g&g% t'sr‘fvg}h?ﬂ? %?8" egézarrpl e,
hydr oxypr opyhersgsey iVeTtiPn i &1 or RY'E PIRRTASEYSA coBIPPeiops & It %%%/'WF“ tglEPaiese or a
het er opoR9saooband dethp divymier. map senveneaipbe contpisbdin Hemgm riiy? Kesutabeoleper at ed

t oget her W thmaisitiase meatnmpssijonsuch as benzal koni um chl ori de. Such fornul ati ons
may al so be delivered by iontophoresis. 15 Fornul ations for ocul ar/ aural

adm nistratio be foroul at I i . if Led ‘

r et ease. Nbdi%”%eg% }r{ecfméggge)s ﬁwuﬁcfﬂ"ﬁg?sgegﬁé g;'ljg%mgcglﬂ's%' ;Cipﬁéﬁlﬁs%h?@géé? .l?%oor{tvh(')c | ed,
targeted, arfEMBiedrARRTR’ ¢ dedEEon FRE S SERREEISF T PO OmRtE DR SHEVS be

conbi ned2i-takportainm] diviske baec e ivigbelelipagiret- dntekample of gech add isghelgmia; blisteiesckri n or a
sui t abl e dernjasadriinegatkaggadtbias, capspel apethbijkeene gl ycol - cont ai ni ng pol yner, in
order to inprove solubility, dissolution rate, taste-masking, bioavailability

and/ or stabid ¥ f O paHEGerk BuABY (§fashliioftly QRN QRGIDRP Sxcibiead st T al F 0.
- Drug-c-yel eé_{ex rin- cor‘r'Psf1 Xesrtor-exe Igr ar e- - t4.oundt-[%p- be-general | y-useful .fo
- TSt dosa@@ BRI IEEan S, o5 RmINRATRA S RTTID SOPRSTIIS = LR GoROF LAY And

non- i ncl 8Qi dm ticaing the serpraig gontresiigase eRainfisong Fnafiel-eronaeeiFhemplisnceg the &t tyricglbtpl exat i on
with the drugnpritdiedieydhode@xédminsirationyand besyuse grovided afih U xé-talet yemdnli ¢id.ve, 1. e.
as a carrier, diluent, or soiubiliser. Mdst commonly used for these purposes
are al pha-, pew ano ganmacycl odextrins, exanples of which may be found in

WO A-91/ 11172, WD A-94/ 02518 and WD A-98/55148.: 30 For administration to
human patients, the total daily dose of the conpound of the invention wll
typically be in the range 0.01 ng/ kg to 100 ng/ kg dependi ng, of course, on the
mode of adm nistration. The total daily dose per subject via the oral route
will typically be in the range 1 to 100 ng. The total daily dose may be

adm ni stered as a single dose or as divided doses and may, at the physician's
discretion, 35 fall outside of the typical ranges given herein. For the

avoi dance of doubt, references herein to '"treatnent” include references to
curative, palliative and prophylactic treatnent. WO :

2008/ 068615PCT/ 1B2007/ 0113900 29 ' ‘



present invention) may be usefully conmbined with another pharnmacol ogically
active conpound, or with two or nore other pharnmacologically active conpounds,
particul arl yYWPRBHSY eat ment of liver fibrosis. For exd’ﬁﬂf‘éz,o"g?j’é??“an

i nhi bitor may be adm nistered sinmultaneously, sequentially or separatety in
conmbi nation wth one or nore agents selected from 5 an antiviral agent such
as ribaviron or interferon; a CCR-5 ant3@gonist; an insulin sensitiser such
as netformn; a hepatoprotectant such as vitam n E, pentoxiphylline,
bet ai ne or uggimdeoxycholic acid; 10 a |ipid-Iowering agent such as acconpli a,
othstat, fibrates or cholestyram ne; an HMG CoA reductase inhibitor such as
atorvastatin, a gldJ@fRN%m & spbpgiC@hendgplenpbGhyRRniANanand-d-@TN6@-ant i body
or an anti -l\/kd M %ntl ‘ggy;en%rnlgcamadn i mrunosuppressant such as cycl osporine or
tacrolimus; F5 YUY e e Appropri ate, the pharnaceutical |y acceptable salts
and sol vades thereof. Inasnuch as it may desirable to administer a conbination
of active compoundsystalite iore apdotding to cleimel, iowpes Fofm i ¢empising geaks atir vt 1ok t hat two
or nore pharsgacad by £ adgree QWP Hath L:i00NSgresd] wHee atiilysed BEpddbierwhaycdifractuntugingis 't he. 20
conmpound of &Egerk%}{,ﬁg}}gdgﬁhn(WenQQQV.%EUe%ﬂés\ersye_ conmbined in the formof a kit
suitable for co-admnistration of the conpositions. Such a kit conprises |Iwo

or nore separate. pharnmaceutical conpositions, at |east one of cont ai ns

whi ch
the compd@nddof tARYSEHREdPIPieERAIdngiaaiRela ot 25 oWl sompriaina Pepks bl Hof €8 d
conposi t i onsz5.0sna b6.gigegreSiwathg@todi dagees) wheh sriabiead bierwdererayyifiragtian; ugiegl- f oi |
packet. An expydpkiphd, raild6dn (avdnth = 3.54dedndsasrhd).i ar bl i ster pack used for the
packagi ng of tablets, capsules and the like. Such a kit is particularly

suitable for adm nisteri.ng different .dosage for and
pthreateral Hosade& " FEr f?ana o rd'&%‘r?icﬁ'f"s% e e FIOWemFdomE r%é? S@éﬁw.zgdg?rtg %ngvn% at

I'n separ CONpO!
di f f er enfl5doBegye O IPPERSPAVISN 2n5yseg §Y pRyFer txl"f*yr“gff‘?c}‘@ “P'Pl£°°8’§b§'|a'8'fagge'8‘f?ﬁosi tions
agai nst one @aetehar = 1.9496 Aswssirasts). conpl i ance, the kit typically conprises
directions for adm nistration and nay be provided with a so-called nenory aid.
\(/\g)5)20g£81{\|_0 ?ﬂ?slSEC-K/ &)F%ﬁr@ﬂéf?\oa%% 39clgn|ai, Reown s FmQS c}bﬁb@s‘nbri(aﬂﬁaﬁ arim 0fppm

- -(2-terl-but. & ; -B-(2' 3. 5.6
tetrafluor op‘?’f%ﬁ%'?%ﬁdﬂ 8‘%@% ent %m cgsz'i ia%jg!t%{g%kk%%gﬁgﬁltifﬁgoa?%"rc%mgiggér ding to
cl ai m 1, 2RnoRNME¥ msih4e) & SRptIPET ng peaks at 7.7, 14.1, 21.4, 26.6 and 29.4
degrees two theta ( 0.1 degrees) when anal ysed by powder X-ray diffraction
usi ng coppers. K- alaphaalire &g adcbraing i wainmel iengt & Fornilll, S40Gisiiorrysek @mgp.2 akd 3. A
crystal line {505 P& tilnBgh b Soiig brakd TEANMAK BehgRn @Serfedicitrchie, sa@@EI | Si ng peaks at
14.5, 173, %ﬁgﬁ%ﬁa%g%ﬁ%%ﬂﬁgfﬁ%ﬁ%@%ﬁ&( 0.1 degrees) when anal ysed

Itfr

by powder X-ray action using copper K-alphal radiation (wavel ength =
1. 5406 ARDstrons). e ‘
7.

A pharmaceutical composition comprising a crystalline form gccording to claim 1 and a

"pharmaceutically acceptable excipient.

8. A pharmaceutical composition comprising a crystalline form according to claim 3 and a

30 pharmaceutically acceptable excipient.

9. A pharmaceutical composition comprising a crysialline form according to claim 5 and a

pharmaceutically acceptable excipient.

35 10. A pharmaceutical composition comprising a crystalline form according to claim 6 and a

pharmaceutically acceptable excipient.

11. The pharmaceutical composition of claim 7 further comprising a second pharmacologically

active substance.



4. A crystalline formaccording to claiml1, known as Formll|l,
conpristing peak at 7.2 degrees two 15 Meta a- 0.1 degrees) when

anal ysed by powder X-ray diffraction using copper K-al phal radiation
(wavel engt h WORIBAEIANgSt r ons) . 5. A crystalline foPAT/EREGM0Y
to claim1, known as Form |, conprising a peak at -141.9 ppm when
anal ysed by solid phase 19F NWR using an external reference sanple of
trifluoroacetic acid (50% 20 vol une/vol B in water) at -76.54 ppm

6. A crystalline formaccording to claim11, known as Formll,
conprising a _peak at -1422 and - 153.4 ppm when anal ysed by solid
phase 19F N,\/g.) u Si'ﬂﬁ Paﬁo%g(ﬂ'éfftﬂape Touy éﬁ;g@ﬁglg g é}ﬁjp d igmanufacture of a medicament
Tri f1 u- or oact®f FEa3E INFsH96F8 MAmIWal £ | une i nk- 0- M AT- 7634- pl ar 7.
A pharmaceutical conposjtion conprising a crystalline formaccording
to claimi apd a Theushahheditive FF?C%%&?éél%Dé&&ab‘if@rW? of a medicament
A phar maceut Poetgatipgliyss 8peosig i aaBpPelsi ng a crystal line form according
to claim3 and a 30 pharmaceutically acceptable excipient. 9. A

phar maceut i cHt cOWpdEs of pe{yEdtasrfogn agroulingrty shaim B Bapufaciyra eEdefinamant
clai m 5 and & BrrspsBcatibrodiainaymawedpt abl e exci pient. 35 10. A

phar maceutical conposition conprising a crystalline formaccording to
claim6 and - phaMAdiesetfid @uyiallinefore prearing te giainp p énmanufactur af a medicament
phar maceut’i Al rREMHSEST fiPretis Be 84 HPdh-7 further conprising a second
phar macol ogi cal |y active substance. WD 2008/ 068615PCT/ 132007/ 003900
31 14. The use of a crystalline formaccording to clai for
tireating liver fibrosis in a manmal . 15. The use of a
crystalline formaccording to cla 10 for treating-liver fibrosis in a
manmal '





