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WO 2007/128721 PCT/EP2007/054201 -1 Polymorphs The invention

’ WO gg(l)e}}%stﬁpolymorphous crystal modifications of a DPP-IV inhibiﬁ%&{g—%@mmzm

preparation thereof and the use thereof for preparing a medicamen
enzyme DPP-IV, also known by the name CD26, is a serine protease
which promotes the cleaving of dipeptides in proteins with a proline or
alanine group at the N-terminal end. DPP-IV inhibitors thereby influence
the plasma level of bioactive 10 peptides including the peptide GLP-1.

Compounds of this type are useﬁw)]‘gfntg RLevention or treatment of
illnesses or conditions which are asSociated with an increased DPP-IV
activity or which can be prevented or alleviated by reducing the DPP-IV

The 304 INoRGISHAT Y YBRHBrIKBEL Lrabeiss dirlitibhPEr dansiesy Shhibitor, the
reduced glucose tolerance. 15 WO 2004/018468 describes DPP-IV

Prenarbitey RIgrT anABNe pissrharer Juapropaisigasmodicananble of the
inhibitors disclosed therein is 1-[(4-methyl-
quinazolin- fy %nethyl -3-methyl-7-(2-butyn-1-yl)-8-(3-(R)-amino-pi

2-y1l

The gazyima K FRhuwise. oo wnthn e ReeiseoP it israstaiinevemisasesich

prorRE RS Nl dairks [6f diBYbies in proteins with a proline or alanine group at the
quinazolin-2- IEmethyl]-C_%-meth I-7-(2-butyn-1-yl)-8-(3-(R)-amino-piperidin-

N-telngiakahing P RO TR B MABRSUE SR RN Sh iRactve

pepBBEiRthingamPespierepased ITYY0RADIPHRS tidey apeisdtul for the

ambient temperature as a 25 mixture of two enantiotropic polymorphs.

preventieaapdraninecat RhiMesRERRS UMHBRshYRiISherATARS BHhRAWEman

incréaded Py higigs ok AMcR) cARDEWRININAEDPSIRIMERLIHY reducing the
polymaorph A), which can be obtained ln%ﬁkgating the mixture to

DPheaditive #9A6EIame RO 6 RS ARGy shitdRrRIRiRRASS @ereduced
glucoesiteidrdhiseform shows characteristic reflexes at the following d values:

11.49 A, 7.60 A, 7.15 A, 3.86 A, 3.54 A and 3.47 A (cf. also Table 1 and

2).

WO 2004/018468 describes DPP-IV inhibitors with valuable pharmacological
properties. One example of the inhibitors disclosed therein is 1-{[(4-methyl-
quinazolin-2-yl)methyl}-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-amino-piperidin-1-yl}-
xanthine. '

Within the scope of the present invention it has been found that 1-[(4-methyl-
guinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-amino-piperidin-1-yl)-
xanthine may take on various polymorphous crystal modifications and that the
compound prepared in WO 2004/018468 is present at ambient temperature as a
mixture of two enantiotropic polymorphs. The temperature at which the two
polymorphs transform into one another is 25:15°C (see Figures 1 and 2).

The pure high temperature form (polymorph A), which can be obtained by heating the
mixture to temperatures >40°C, melts at 206+3 °C. In the X-ray powder diagram
(see Figure 3) this form shows characteristic reflexes at the following d values: 11.49
A, 760A 7.15A,3.86 A, 3.54 A and 3.47 A (cf. also Table 1 and 2).

Anhydrous polymorph A may be prepared by
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Anhydrous polymorph A may be prepared by WO 2007/128721
PCT/EP2007/054201 -2 (a) refluxing
WO ZP({Z 1%ﬁgﬁyl -quinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1-yl)- 8'?%75?2007/054201
amino-piperidin-1-yl)-xanthine in absolute ethanol and optionally filtering
the mixture, (b) cooling the hot solutign or the hot filtrate until
crystallisation sets in, 5 (c) diluting wifh"a solvent such as
I I
rylng th Ei%/yrrﬁ%%p A a{%{ggﬁﬁ \5/85@ lﬂg e]l?wxfémgera ureﬁ%qn (ﬂ/i) 8-(-(R)-
(pawmomesghn@ dhitineatbinedblreslutnsibenotesdioptivoallylfiliering the
ﬂﬁ deer diagram (see Figure 4) this form shows characteristic
exes at the following d values: 11.25 A, 9.32 A, 7.46 A, 6.98 A and
(b) 3primgdhaket Felulkios ahm)hsn\hﬂﬂtr@mmmqwsstmwé prepared
sol
O Sy R NS Y B -1y
(d) (=yctiombtisivesidne 159l sahmgeia apdolute ethanol and refluxing and
(e) o&%l{milﬁg d%%%9%°@)lﬁ%% the hot solution or the hot filtrate
for crystalllsatlon to a temperature below 10C, 20 (c) diluting with a
solvent such as tert.-butylmethylether, (d) suction filtering the solvent

Theww%%@%&%}@wg (BSI%MBWB%@%?S?HB& BRI 1M Rratures

vacuo. Another polymorph (polymorph C) shows c racterlstlc reflexes in

<10He. kﬂr&w&mépoz@@ra@ﬁwwe(é@daweg &) thistionaipws shracteristic
reflek@81ind JoHowing 44/ Awd 3 A 238 D BbAA(CF. AR BRBIE DL RCYFPILS. also

C is obtained if (a)
Tablg Rantbthyl-quinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-ami
no- 30 piperidin-1-yl)-xanthine is dissolved in methanol and refluxed and

_optionally _
Anhydrous polymorph B may be prepared by

(a) dissolving 1-[(4-methyl-quinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1-y1)-8-(3-
(R)-amino-piperidin-1-yi}-xanthine in absolute ethanol and refluxing and
optionally filtering the mixture,

(a) |

(b) cooling the hot solution or the hot filtrate for crystallisation to a temperature
below 10°C,

(c) diluting with a solvent such as tert.-butylmethylether,

(d) suction filtering the solvent mixture and

(e) drying the polymorph at a temperature below 10°C in vacuo.

Another polymorph (polymorph C) shows characteristic reflexes in the X-ray powder

diagram (see Figure 5) at the following d values: 12.90 A, 1110 A, 6.44 A, 3.93 A
and 3.74 A (cf. also Table 5).

Polymorph C is obtained if

(a)  1-[(4-methyl-quinazolin-2-yl)methyl]-3-methyl-7-(2- butyn -1-y1}-8-(3-(R)-amino-
piperidin-1-yl)-xanthine is dissolved in methanol and refluxed and optionally
filtered in the presence of activated charcoal,

{b)  the methanolic solution is cooled to a temperature of 40-60°C,
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filtered in the presence of activated charcoal, (b) the methanolic solution is

WO z(é%%eéé% a temperature of 40-60C, WO 2007/128721

bO7/054201 -3 (c) a solvent such as tert.-butylmethylgt(f;ﬂ(y‘:‘8!2007"05'4201
diisopropylether is added, (d) the resulting suspension is first of all cooled
slowly to 15-25C and then later to O_—%Q., (e) the crystals formed are
suction filtered and washed again with tert.- 5 butylmethylether or

(c) diia%%ﬂ#@&wgdxgh%mﬁ@%@%Pemﬁe;?rr)(g?gré?ﬂe?ta added,

temperature of 70C in the vacuum “dryer. Another polymorph (polymorph
(d) D)theefesattrapsusPaRsosos st &lcisaladdipwly tolimdbph end then later
hegiedga=a temperature of 30-100C or dried at this temperature. Finally,

there is also polymorph E, which melts at a temperature of 1753C.
(e) Aﬁn@o@a(gqié|§ﬂﬁ6ﬁ$ﬁ%ﬁ§r&ﬁ*ﬁ@dtl¥%®@ﬁaﬂowa§h@%@ﬁém Wihttgther
’ heBﬂﬂﬁm@l‘WﬁW&%’?&@éfﬁWﬁ%ﬂ&‘gﬁﬁe melt. 15 The polymorphs thus

obtained may be used in the same way as the mixture of the two

(B polhmersiala tivs odainemassied o iamparius pfdPakng the vacuum
phapraceutical composition which is suitable for treating patients with
type | and type |l diabetes mellitus, prediabetes or reduced glucose
tolerance, with rheumatoid 20 arthritis, obesity, or calcitonin-induced

Ano®EEpBRiAs m@@rﬁuﬁmﬁmmi&%qmm afoorgié FaRsREIPhNa btained if

been carried out. se medicaments contain in addition to_one or more
PolyfRErPBArisrieatRh e 6 19MRpERbYS pletRraBy & Rliersdtiisitemparafure.

particularly preferably at least 1 % to 3% of one of the polymorphs A, B, or
. C. WO 2007/128721 PCT/EP2007/054201 -4 The following Examples are
Finajiyelifsa 1B AR PR TRIBMEntidich Meie abaierenaiaive pf 175+3°C.

Anh{eistialbepion@Hrlieraied if polymorph D is melted. On further heating,
polymorph E crystallises out of the melt.

The polymorphs thus obtained may be used in the same way as the mixture of the
two polymorphs A and B described in WO 2004/018468 for preparing a
pharmaceutical composition which is suitable for treating patients with type | and type
Il diabetes mellitus, prediabetes or reduced glucose tolerance, with rheumatoid
arthritis, obesity, or calcitonin-induced osteoporosis, as well as patients in whom an
allograft transplant has been carried out. These medicaments contain in addition to
one or more inert carriers at least 0.1% to 0.5%, preferably at least 0.5% to 1.5% and
particularly preferably at least 1% to 3% of one of the polymorphs A, B, or C.
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‘ -[(4-methyl-quinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1-yl)-8-(3-(R)-amij
wo 2:%%/%5@%1 éégﬁﬁ%

Crude :
- 5 piperidin-1-yl)-xanthine is refluxed with 5 times as much a 007/054201

ethanol and the hot solution is filtered clear through activated charcoal.

After the filtrate has been cooled to _ZQC_Z and crystallisation has set in, the

solution is diluted to double the volume with tert.-butylmethylether. Then

The %;ﬂcﬁ}ém%}ﬂﬂ%%%@%@@eﬂgfﬂgJﬂéﬁahﬂ%rﬁ’wéHﬁBﬂﬂr{iH%?éjc?étgil.

dried i vacuum dryer at 45C. 10 Polymorph A melts at 206 3 C. In
the DSC diagram another slightly endothermic signal can be seen at

Exa oK. 2BGysthlfidnadn iy puiiriiepiplid-solid phase transition between

e two enantiotropic crystal modifications A and B. The form A is 15 the

t
Crudgelidapstivicaniparalie-drameindh e uhd-(anhstornttibhs-(3-(R)-amino-
pipeFﬁmP?f%‘lthk%nﬂ‘YW@i@f@?&@(@dtMEr@EMQ%W%W&?S@Q@@‘?@%%%@% the hot

below this transformation temperature. Figure 2 shows a cyclic

solufipfyiafitared sler tharpHab e slivdrl shasepalo &fter the fidvetediasieen cooled
to 20/85SEASPREMSHAJATREgRA IAlahelsd e iIPHINR A RALRARNASEBme with

transition is observed as an endothermic signal and, correspondingly,

tert WP BN IRIG ST is IR HESHSRENERS IR ARG IR BusHE e & hours,

suctheplingrsydadneiaasekansitiommaksisofe gbserved as an
endothermic double signal or as a very broad signal while in all the other

cycles the signal occurs as a very sharp 25 endothermic or exothermic
signal, depending on whether heating or cooling is taking place. WO
2007/128721 PCT/EP2007/054201 -5 Table 1: Labelled X-ray reflexes up

Polyinapy 2 BeliRrPhARstias tstdRdarRed) Hrsme AL Yigbinripataermic

signdPdatepsibedhlalalpiing deag:caisisllslalrifplédb Rl Abid-26 i Bh 88l
0.0-0.008 7.183212.3101 1 0.005 o

transition between the two enantiotropic crystal modifications A and B. The form A is

the thermodynamically stable moedification above this transformation temperature,

while form B is the thermodynamically stable modification below this transformation
temperature.

Figure 2 shows a cyclic DSC diagram, in which the phase transition from -40 °C to
120 °C and vice versa has been run through a total of 3 times. During heating, the
phase transition is observed as an endothermic signal and, correspondingly, during
cooling it is observed as an exothermic signal. During the first heating cycle the
phase transition may also be observed as an endothermic double signal or as a very
broad signal while in all the other cycles the signal occurs as a very sharp

endothermic or exothermic signal, depending on whether heating or cooling is taking
place.



7.6210011.5911 0 0.007 8.492010.41-1110.002 9.91248.9200 2
©0.003 10.41188.490200.024 11.18247.912000.038 11.63 41
WO 20%0' %5 0.003 12.37597.15-1 2 1 -0.003 13.19 6 6.71 1 21 YHFRRO07/054201
13.4536.58 -2 02 0.007 14.056 6.302 11 0.011 14.3866.16 02 2
0.003 14.71 10 6.02 -1 2 2 -0.008 15,26 135.80 2 2 0 0.001 15.76 10
5.62-1130.008 16.091551 1229010 16.3215.432 0 2 0.035

Teble § b XA 6008 i B0 Sttt Bispdetdsati e

-2 e EIIMWLQ'OIJQ ﬁﬂ)l?MCﬁ’ﬁhB\Z 1 0.036 19.86 204.47 -2 2 30.040 20.29

1.0..4-237 2 I'_I/IAﬁ'lf\’I VAW aYaValllile L B s B BV, s Talls Wale WaWaW. Ko]

20 Eii@téf%?’ti 1’4 6‘%‘2’8 2445 103.06/00elges | dexponc
o e AL ] h k. A
5.56 1 15.89 1 0 0 -0.008
7.18 32 12.31 0 1 1 0.005
7.62 100 11.59 1 1 0 0.007
8.49 20 10.41 -1 1 1 0.002
9.91 24 892 | O 0 2 0.003
10.41 18 8.49 0 2 0 0.024
11.18 24 7.91 2 0 0 0.038
11.63 41 7.60 -1 1 2 0.003
12.37 59 7.15 -1 2 1 -0.003
13.19 6 6.71 1 2 1 -0.014
13.45 3 6.58 -2 0 2 0.007
14.05 6 6.30 2 1 1 0.011
14.38 6 6.16 0 2 2 0.003
14.71 10 6.02 -1 2 2 -0.008
15.26 13 5.80 2 2 0 0.001
15.76 10 5.62 -1 1 3 0.008
16.09 1 5.51 1 2 2 -0.010
16.32 1 543 | 2 0 2 0.035
16.69 4 5.31 2 2 1 -0.007
17.03 3 5.20 -1 3 1 0.026
17.63 6 5.03 1 3 1 0.006
18.17 5 4.88 -1 2 3 -0.004
18.78 7 4.72 -1 3 2 -0.014
19.30 1 4.60 2 3 1 -0.019
19.61 2 4,52 -3 2 1 0.036
19.86 20 4.47 2 2 3 0.040
20.29 10 4.37 2 0 3 0.019
20.57 4 4.31 0 1 4 0.006
21.12 1 4.20 3 0 2 0.048
21.57 12 412 -2 1 4 0.028
22.46 10 3.96 1 4 1 0.035




WO 2007/128721 PCT/EP2007/054201 -6 20 intensity dhkr labelling

wo AT,

[0] 1110 [0/0] [A] h k | [A] 23.03 353.86 4 1 0 0.022
0.019 24.08 2 3.69 -3 1 4 -0.006 24.51 1 3.63 -4 0

5% 6%? 007/054201

24.91103.57-2420.003 25.14 39 3.54 313 0.043 25.69 36 3.47 -3 3

30.041 26.68 33.340510.035 26.

0250.030 274233254300006

023.313400.027 27.102 3.29
8192316 -152 0035 28.54 2

J.édU {72869 30 A4~-003 ] U0 500 "
550 4% 8334% 60. 87206 11 BBENAGS Tapie o || ares-eat

| [ﬁiet_ncs dﬂt_;l”[&’dn.hyc_i[o[é]fgrm A SHmmetry: mbnocllnle sphtial group[#]
239)46. 16(2)315 b: 17.0XBA C 18.1;8(2)A100195(6) cell yolume: g go9
23 9GRS, 3.80 -1 4 2 0.019
24.08 2 3.69 -3 1 4 -0.008
24.51 1 3.63 . -4 0 3 0.036
24.91 10 3.57 -2 4 2 0.003
25.14 39 3.54 3 1 3 0.043
25.69 36 3.47 -3 3 3 0.041
26.68 3 3.34 0 5 1 0.035
26.90 2 3.31 3 4 0 0.027
27.10 2 3.29 0 2 5 0.030
27.42 3 3.25 4 3 0 0.006
28.19 2 3.16 -1 5 2 -0.035
28.54 2 3.12 3 0 4 0.047
28.94 11 3.08 0 4 4 -0.036

. 29.18 5 3.06 -4 3 3 0.017
29.50 4 3.03 -1 0 6 0.041
30.18 7 2.96 -1 5 3 -0.042

Table 2: Lattice metrics of the anhydrous form A

Symmetry: monocline
spatial group: P
a: 16.16(2) A
b: 17.02(1) A
o 18.18(2) A
R 100.95(86) °
cell volume: 4907(11) A3

Example 2 Crystallisation of polymorph B

Polymorph B is obtained by cooling form A from Example 1 to temperatures <10 °C.
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5 Example 2 Crystallisation of polymorph B Polymorph B is obtained by
coolirggform A from Example 1 to temperatures <10 C. WO 2007/128721

WO 385871

3807/054201 -7- 5 Table 3: Labelled X-ray reflexes up & 36F3087/054201

with intensities (standardised) for the anhydrous form B 2 0 intensity dhkJ
labelling dexpcaic [0] 1/10 [0/01- [A] hk I [A] 5.82 3 15.17 1 0 0-0.007
7.043312.550110.001 7.8210019.3110-0.004 8.841110-111
0.001 9.44409.361110.011 10.62 148.32-1020.013 10.79 24 8.19
012-0.005 11.82397.48-112-0.003 12.64537-121-0.009 13.07
116.77121-0.006 13.2466.68-2110.004 14.04166.32110.003
15.23175.81-2120.003 15.70225.642200.016 16.3825.4103 1
-0.010 16.7365.32210.008 17.6785.020230.014 18.16 34.88 -1
230.005 18.3394.843100.016

Table 3: Labelled X-ray reflexes up to 30 ° 2 ® with intensities (standardised) for the

anhydrous form B

2@ .. intensity dnt ey labellmg | | daxp—calc
o wmer tAL Lo [k o
5.82 3 15.17 1 0 0 -0.007
7.04 33 12.55 0 1 1 0.001
7.82 100 11.3 1 1 0 -0.004
8.84 11 10 -1 1 1 0.001
9.44 40 9.36 1 1 1 0.011
10.62 14 8.32 -1 0 2 0.013
10.79 24 8.19 0 1 2 -0.005
11.82 39 7.48 -1 1 2 -0.003
12.64 53 7 -1 2 1 -0.009
13.07 11 6.77 1 2 1 -0.006
13.24 6 6.68 -2 1 1 0.004
14.04 16 6.3 2 1 1 0.003
15.23 17 5.81 -2 1 2 0.003
15.70 22 5.64 2 0 0.016
16.38 2 5.41 3 1 -0.010
16.73 6 5.3 2 1 0.008
17.67 8 5.02 2 3 0.014
18.16 3 4.88 -1 2 3 0.005
18.33 9 4.84 3 1 0 0.016
18.48 10 4.8 -3 1 1 -0.003
18.97 15 4.68 0 0 4 -0.001
19.56 6 4.54 3 2 0.013




18.48104.8-311-0.003 18.97 154.68 00 4 -0.001 19.56 6 4.54 1 3 2
) 0.013 WO 2007/128721 PCT/EP2007/054201 -8 2 intensity dhki [abellin _
WO 2084884 [ 1/20 [A] h K I" [A] 20.00 17 4.44 2 1 3 0.000 20.43 6ﬂ%§%g°54201
40.009 20.76 4 4.27 302 -0.014 20.97 44.23 040 0.010 21.07 5 4.21
114-0.009 21.22 12 4.180330.001 21.407 4.1532 1 0.004 21.66 4
4.1-1330.018 21.98 7 4.04 2 2 3-3°003 22.16 10 4.01 -3 1 3 0.008

226733 871 2A~-0:006—23.58 43 377 =2-3-3=0.003 2378 15 37422
- 28.0,008REY 3.7 A1k0 0002 24.20 8308HINGL 1 0.008 4 4Bempcalc
19693 SIAY998 24 7143 0P 3 h0 001 249028350 433 POUAL
P5AS4P-3 504 P—0-010- 95 75-35-346-42 0 0-011 25994 343523
209814| 26.796 3.41 3%%0.010 2 ! 3 0.000
20.42 9 4.35 1 0 4 0.009
20.76 4 4.27 3 0 2 -0.014
20.97 4 4.23 0 4 0 0.010
21.07 5 4.21 1 1 4 -0.009
21.22 12 4.18 0 3 3 0.001
21.40 7 4.15 3 2 1 0.004
21.66 4 4.1 -1 3 3 0.018
21.98 7 4.04 2 2 3 -0.003
22.16 10 4.01 3 1 3 0.008
22.97 3 3.87 1 2 4 -0.006
23.58 43 3.77 2 3 3 -0.003
2378 | 15 3.74 -2 2 4 -0.004
24.05 6 3.7 4 1 0 -0.002
24.29 8 3.66 2 4 1 -0.008
24,46 5 3.64 3 1 0.018
24.71 7 3.6 3 4 0.001
24.96 23 3.56 3 3 -0.001
25.45 12 3.5 -2 4 2 -0.010
25.75 35 | 3.46 2 0 0.011
25.99 4 3.43 2 3 0.014
26.15 6 3.41 3 2 0.010
26.57 12 3.35 2 3 4 -0.001
26.82 4 3.32 -3 2 4 0.011
27.20 6 3.28 1 2 5 -0.010
27.43 4 3.25 2 4 3 -0.003
27.60 3 3.23 2 2. 5 -0.005
28.19 4 316 4 1 0.010
28.40 15 3.14 4 4 -0.013
28.64 12 3.11 0 6 0.016
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26.57 123.35-234-0.001 26.8243.32-3240.011 27.2063.28125
-0.010 27.43 4 3.25-243-0.003 27.60 3 3.23-225-0.005 28.19 4

WO 290813321 0,010 28.40 153.14 0 4 4 -0.013 28.64 12 3.11 0 0'6-0/016°07/05420"

WO 2007/128721 PCT/EP2007/054201 -9 2 O intensity dike labelling
dexp-caia [] 1110 [A] h k I [A] 29.18 6 3.06 -4 32 0.004 29.4223.0314
4 0.002 29.99102.98 05 3-0.008 3%77329 -4 330.018 Table 4:

2ddoup:

I_aLLIbC IIICLI Ibb UI lI < di II I_yUIU

PUERSHYI4) 298 23(]
[P 6(2).... @plwglume 4@@13(3) {AS 5|1Exat|nple 3|prysta

is-formB-S uuucuy.l

)A b: 16.9

IIUIIUbIIHU

eling 15 79(1) A

apqual_;
1 3:dexpecalc

satipn offpolyrpaph

29?—?{4- neth\/@-quma

zonﬁ-ﬁ%mlethm‘-s-rr

ethyl-?-(2-but

yn-19y1)-81(3- (R4

29p piperidin-1-yl) xangw'mg: (26

b kg)yis re

fluxed yvith 15

71 nqethamol 0.002

(] )
red-with-1-3kg—of-activ:

—combi
29488 mixture'R filteted #nddinse

[l L
atecchare

b | methanol.

L (] Ny
Udl al'iu aitci

laVal -
SO mmute

122 1%f méthaito? ‘g?e

bLIIIIII

30drstillgd off fsom the filtrate, the

3

3

0.018

Symmetry: monociine
spatial group: P24/c (#14)
a: 156.23(1) A
b: 16.94(1) A
c: 18.79(1) A
R’ 95.6(2) °
cell volume: 4823(3) A

Table 4: Lattice metrics of the anhydrous form B

Example 3 Crystallisation of polymorph C

Crude 1-[(4-methyi-quinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1-yl}-8-(3-(R)-amino-
piperidin-1-yl)-xanthine (26 kg) is refluxed with 157 | methanol, combined with 1.3 kg
of activated charcoal and after 30 minutes' stirring the mixture is filtered and rinsed
with 26 | methanol. 122 | of methanol are distilled off from the filtrate, then the
residue is cooled to 45-55°C. 52 | of tert.-butylmethylether are added to the residue
over 30 minutes. Then the mixture is stirred for another 60 minutes at 45-55°C.
Crystallisation takes place within this time. A further 78 | tert. butylmethylether are
added to the suspension over 30 minutes and then it is stirred again for a further 60
minutes at 45-55°C. It is diluted to four times the volume. The suspension is slowly
cooled to 15-25°C and stirred overnight at this temperature. After the suspension
has been cooled to 0-5°C the crystals are suction filtered, washed with 2 batches
tert.-butylmethylether and dried at 70°C in the vacuum dryer.
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10 residue is cooled to 45-55C. 52 | of tert.-butylmethylether are added to
the residue over 30 minutes. Then the mixture is stirred for another 60

WO 20iH1¢8< % 45-55C. Crystallisation takes place within this time. %Cfﬂﬁﬁ%?m/ 054201

78 | tert. butylmethylether are added to the suspension over 30 minutes
and then it is stirred again for a further, 60 minutes at 45-55C. It is diluted
to four times the volume. The suspen 90n is slowly 15 cooled to 15-25C

e ed to %g’%me%t o o SRR g8 e

tert. buty?m er er and dried at 70C in the vacuum dryer. WO
2007/128721 PCT/EP2007/054201 -10 Table 5: X-ray reflexes up to 30 2

\ndarfigedy ror e 1y form
ﬁ‘y hsity 2 c? k1 Snsi Pﬁ%&%l b [9%] [1 A ?k’;"um‘{% fntensity
- [Wio [%j 3. 38’!26%15 a14.38 d96 1141 .96 mam 6.85 14.96F100° [LA]74 !llo [%]
3 36.04611632.59 3.93 2B 7.184280c364.95 392 1023.763.66 29 532 4
T1-74 12115635665 24.6 6.28 o8
6-851@6@ PR DA Ao A LT ey oD i v e B NPT
7.18598.3143 4 11.58 71.64 318.95|9821)5 26.98 3.31 18 [233067.394 29
7 520 b1 433 8 2422 3 21415;1 838DHEH16 20577 4.27 8 {0088V 6
T o P CsEton SRy

9. S&m%é}%lture 0$30-100C o draH] 4t 88s tempétature.  |25.57| 3.48 4

11.11] 7.96 2 18.33| 4.83 §) 25.96 3.43 4
11.568| 7.64 3 18.75| 4.73 15 26.931 3.31 18
12.301 7.19 5 20.51} 4.33 8 27.22| 3.27 13
13.30| 6.65 16 20775 4.27 8 27.92| 318 10
13.75| 6.44 26 2147 4.14 3

Examgle 4 Crystallisation of polymorph D
Polymorph C is obtained if polymorph C from Example 3 is heated to a temperature
of 30-100°C or dried at this temperature.

Example 5 Crystallisation of polymorph E
Anhydrous polymorph E is obtained if polymorph D is meited. On further heating,
polymorph E crystallises out of the melt.

In the DSC diagram of form C a whole range of signals can be observed. The
strongest signal is the melting point of the anhydrous form A at approx. 206 °C, which
is produced in the DSC experiment, Before the meiting point a number of other
endothermic and exothermic signals can be observed. Thus, for example, a very
broad and weak endothermic signal can be seen between 30 and 100°C, which

correlates with the main loss of weight in thermogravimetry (TR). A TG/IR coupling
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) ohtained if polymorph D is melted. On further heating, polymorph E

h
wo Qcor(%ﬂ&ﬁl?sze}s out of the melt. 15 In the DSC diagram of form C a WHQ[EF2007/054201

range of signals can be observed. The strongest signal is the melting
point of the anhydrous form A at approx. 206 C, which is produced in the
DSC experiment. Before the melting point a number of other endothermic

o A, USRS n s

temper v Faegeanith the main loss of weight in thermogravimetry (TR). A

A XA EOHBIn O RO LECTIERZNI R4, chSsPRISn o0

rovides the information that only water escapes fro e sa IS
shomg&_éﬁnt%rméeﬂwe@rﬁymdm@tanta@mtaﬁah sbiagestipiethat form Cis a
hyarBRIBRILE A PRARAIAS Sbhm B UTRRBN KT A aRR a8

the startmg{materlal, suggesting that form Cis a 5 hydrate p
monsteyghitetripestenenaiaterprenstrelishsemotie ininyothrr anmahohgdradification

D, whh$ tEHNPStabeFr Y aﬁdne'edﬁcﬁﬁeﬁ%‘?fﬂ@@@% sl 'éi%fettgodbr&.

which only stable under anhydrous conditions. The D form melts a

150%ppinothgnenhyidses: ekl s disatiandoaristaiisce bigstahzessitoand
whelhBdBel ﬁﬂ%%hﬁ@i@eﬂ%f%ﬁ‘.e{ 7Bels %iﬁ%ﬂ%?&%@\%{é@l@e&oﬁ&ﬁhe

crystallises from the 10 melt of form E. Form E is also a metastable crysta
melt btk RARE Je@ise chsiasiriieieniptabineaskfiagtiopovhich occurs only at
high48fhéstlddsP CT/EP2007/054201 -12- Patent Claims 1. Anhydrous

polymorph A of the compound 1-[(4-methyl-quinazolin-2-yl)methyl]-

3-methyl-7-(2-butyn-1-yl)-8-(3-(R)-amino-piperidin-1-yl)-xanthine,

characterised 5 in that it melts at 2063 C.



10

15

20

25

30

2. Polymorph A according to claim 1, characterised in that in the X-ray
owder_diagram it has inter alia characteristic reflexes at the foIIowing d

WO U887 49 A, 7.60 A, 7.15 A, 3.86 A, 3.54 A and 3.47. 10 3. PCT/EF2007/054201
Anhydrous polymorph B of the compound
1-[(4-methyl-quinazolin-2-yl)methyl]-
3-methyl-7-(2-butyn-1-yl)-8-(3-(R)-amirfo-piperidin-1-yl)-xanthine,

Pat R?@gﬁ?ﬁiﬁed in that at a temperature of 10-40C it transforms reversibly
into the polymorph A of claim 1. 15 4. Polymorph B according to claim 3,
characterised in that in the X-ray powder diagram it has inter alia

jsti lowi lyes; 11, ~9.32 A7
1 R BTN AR Ao At S o
13@etithyHGuindyotir P yBrie(RHaBrinethipridin-1-yl)-xanthine, characterised
(@qu%qIMPf§%§4gQi%rm'@p-piperidin-1-yi)-xanthine, characterised in that
it los ate

oses water a mperature of 30-100C and in the DSC diagram it
exhibits further thermal effects at approx. 150C and 175C. 25 6.

P C Ing 1o claim 5 C ' in thatJn t of
2. e S R I el poecer

veigggamiidma infer. shacleaacierisie iafldes Futhe follanripdrdusiues: 11.49 A,

pel r t 0, - hyl-quinazolin-2-yl)methyl]- 30

B?rhggt]f%yﬁg-(%%U?&-ﬁlﬁ)@%g?g}]%ﬁ%?ﬁlpiperidin-l-yl)-xanthine,

characterised in that it melts at 1503 C. WO 2007/128721

5. PAERR0TIIRAR0 19d AO e RPN O R GNP hmetry -

3z epbprint lyhtBES3dd aamacpmte aitint Jyyhxsattinae, characterised
Cﬁ?fﬁéfecﬂsf%ﬂﬂb@%ttﬂﬁg"s*tﬁ@h@zé%t%aﬁmg‘l%qﬁ%%@?gpﬂg%@%Oiymorph A

morph C according to claim 5, characterised in't
19{4l/etyl-quinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-

4. Polymorph B according to claim 3, characterised in that in the X-ray powder
diagram it has inter alia characteristic reflexes at the following d values: 11.25 A,
9.32A,7.46 A, 6.98 Aand 3.77 A.

5. Polymorph C of the compound 1-[(4-methyl-quinazolin-2-yl)methyl]-3-methyl-7-
(2-butyn-1~yi)~8»(3—(R)~amino-piperidin-1—yi )-xanthine, characterised in that it
loses water at a temperature of 30-100°C and in the DSC diagram it exhibits
further thermal effects at approx. 150°C and 175°C.

6. Polymorph C according to claim 5, characterised in that in the X-ray powder
diagram it has inter alia characteristic reflexes at the following d values: 12.90 A,
11.10 A, 6.44 A, 3.93 A and 3.74 A.

7. Anhydrous polymorph D of the compound 1-[{4-methyl-quinazolin-2-ylmethy!]-
3-methyl-7-(2-butyn-1-yl)-8-(3-(R)-amino-piperidin-1-yl)-xanthine, characterised
in that it melts at 15013 °C.
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amino- piperidin -1-yl)-xanthine is refluxed in methanol, (b) the methanolic

WO ?&J&J}L cooled to a temperature of 40-60C, (c) a solvent sucpéa

10.

11.

12,

uty methylether is added, 10 (d) the resulting suspension is coblet0 7054201
first of all to 15-25C and then to 0-5C, (e) the crystals are suction filtered
and (f) dried in vacuo at a temperatur?é)f 70C. 10. Method according to
claim 9, characterised in that after step’(a) the hot solution 15 is filtered.

1AnH§&8&Q'b%i9HB?pH@’8?%@§dﬁu§nﬁfoq FHRERPPQHRD zolin-2-yl)methyl]-

1-[(4-m
qﬁTﬁﬁBM’Té@)ﬁﬁ’éYﬁym 3LhietByiF)-emosripsidm 3y Rantinopipbatacterised

innLiyRr kK@t R stfor preparing a pharmaceutical composition for the
treatment of 20 patients with type | and type Il diabetes mellitus,

prediabetes or reduced glucose tolerance, rheumatoid arthritis, obesity,

OfRAKIP BINpRMYLGRE IREEBBRIPDIHIRE WRILAGIRGUSHBIH BNeALAlkterised in that

allograft transp ant has been carried out. 12. Medicaments containing the

cEpoUHd-givstREaHZoYhmeietn ety g -(2-butyn-1-y1)-8-(3(R)-
methy bnfRobsiperidntr Sz ER ARG RIMeKEIN wilkwapiiine in addition

to one or more inert carriers and/or diluents, characterised in that it

cPhaitheaeihanelic spldionsis SreiRE & thispRAMSHROAIBEOr G, 30

(c) a solvent such as tert.-butylmethylether is added,

(d) the resulting suspension is cooled first of all to 15-25°C and then to 0-5°C,
(e) the crystals are suction fittered and

(f d'ried in vacuo at a temperature of 70°C.

Method according to claim 9, characterised in that after step (a) the hot solution
is filtered.

Use of one of the polymorphs A, B, or C of the compound 1-[(4-methyi-
quinazolin-2-yl)methyl}-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-amino-piperidin-1-yl)-
xanthine for preparing a pharmaceutical composition for the treatment of
patients with-type 1 and type Il diabetes mellitus, prediabetes or reduced glucose
tolerance, rheumatoid arthritis, obesity, or calcitonin-induced osteoporosis, as

well as patients in whom an allograft transplant has been carried out.

Medicaments containing the compound 1-[(4-methyl-quinazolin-2-yl)methyl]-3-
methyl-7-(2-butyn-1-yh)-8-(3-(R)-amino-piperidin-1-y)-xanthine in addition to one
or more inert carriers and/or diluents, characterised in that it contains at least
0.1% to 0.5% of one of the polymorphs A, B, or C.



