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particularly type | or type |l diabetes mellitus, the pharmaceutical compositions
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thereof and processes for the preparation thereof.

Xanthine derivatives with an ihh_ibitory effect on DPP-IV are already known from WO
. 02/068420, WO 02/02560, WO 03/004496, WO 03/024965, WO 04/018468, WO
- 04/048379, JP 2003300977 and EP 1 338 595.

The aim of the invention is to provide.rew:compounds of formula'l, particularly salts

with advantageous properties for pharmaeeutical use.

In addition to its actual efficacy for the desired indication, an active substance must
also meet other requirements in order to be capable of being used as a
pharmaceutical composition. These parameters are to a Iarge extent connected with
the physicochemical nature of the active substance. '
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any existing polymorphism of an active substance present in crystalline form. If there
are different polymorphic modifications of an active substance, care must be taken to
ensure that the crystalline modification of the substance does not change in the
phérmaceutical preparation later produced from it. Otherwise, this could have a
harmful effect on the reproducible potency of the drug. Against this background,

active substances which are characterised by-only slight polymorphism are preferred.

Another criterion which may be of excéptional importance under certain
circumstances depending on the choice of formulation or the choice of manufacturing
process for the formulation is the solubility of the active substance. If for example
pharmaceutical solutions are prepared (e.g. for infusions), it is essential that the



pharmaceutical preparation |ater produced fromit.
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the bydratasstheradnti on are the nmono- and di hydrochl ori de
~ as well as the enantioners thereof, the m xtures and

the hydrates thereof. The following terns are used
Thes’.altmmmgmmhs/are eedd syndriyniouhyachl oric acid -

drochl oride The invention therefore relates to the
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yl')-xanthine with hydrochloric acid, as well as the
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peridi n-1-yl | -xant hi ne an
includesios epqarmiple theompinprrand giilydeochdotige of71-((3-tyanporpyiridin-2- 8
yl)méil#@@-%ﬂ&ﬁ]ﬂwf(f-ib%?yrr{-ﬁj-iyi)'-Bl-'[(H)l&am_ino-pipéridin-1-yl]-xanthine and 1-[(3-
' t:ya no-pyridin-2-yl)methyl]—3-methyl-7-(2-butyn-1 -yl}-8-[(S)-3-amino-piperidin-1-yl]--
xanthine and the mixtures thereof, including the racemates. The invention further
relates to pharmaceutical compositions containing at least one of the above-
mentioned salts or hydrates thereof and processes for preparing pharmaceutical

compositions.

In view of their ability to inhibit DPP-1V activity, the compounds of general formula |
according to the invention and the corresponding pharmaceutically acceptable salts
thereof are suitable for influencing any conditions or diseases which can be affected
by the inhibition of the DPP-1V activity:: Itis therefore to be expected that the '*
compoUnds éccording to the ihyention will be suitable for the prevention or treatment

of diseases or conditions such as type | and type |l diabetes mellitus, prediabetes,



xant hi ne and the m xtures thereof, including the
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the above- nentioned salts op hydrates thereof and
processes for preparing pharmaceutical conpositions.
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pancreatic B-cells. Additionally, on the basis of the

abov%a@d onedigted by GERgbar BLBs2pdhe ersapaiinds agcoedigg tethe invention
mayaés]g% geec ; dgé?ﬂhflﬂ cﬁ dr'dﬁ%%é@%@z \é%éor nd h@%me{%@fbr drbventing
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dam@geabdhé gabRombstinBlVeadt Rth as:may:occur in colitis and enteritis, for
example. Moreover, it is expected that DPP-IV inhibitors and hence the compounds
according to-the invention can be used to treat infertility or to improve fertility in
humans or mammals, particularly if the infertility is connected with insulin resistance
or with polycystic ovary syndrome. On the other hand these substances are suitable
for influencing sperm motility and are thus suitable for use as male contraceptives. In
. addition, the substances are suitable for treating growth hormone deficiencies
connected with restricted growth, and may reasonably be used for all indications for
which growth hormone may be used. The compounds according to the invention are -
also suitable, on the basis of their inhibitory effect on DPP-1V, for treating various
autoimmune diseases such as e.g. rheumatoid arthritis, multiple sclerosis, thyroiditis

and Basedow’s disease, etc.. They may also be used to treat viral diseases and



- may al so be used as diuretics or anti hypertensives

suitable for preventing and treating |
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neur odegener ati ve di seases such as Al zhei ner’

ganmgna/alpha/delig meduiaars, AWK ae@vﬁ@tﬁq&&%gwmmbltors DGAT- -
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. KG'HﬂQéM&fS%ﬁ*&Q)ml@ﬂhmme of Iproteidivrosine phosplmtase 1, substances whach
influence deregulated glucose production in the liver, such as e.g. Inhibitors of
glucose-6-phosphatase, or fructose-1A,G-bispho'sphatase, glycogen phosphorylase,
glucagon receptor antagonists and inhibitors of phosphoenol pyruvate _
carboxykinase, glycogen synthase kinase or pyruvate dehydrokinase, lipid lowering
agents, such as HMG-CoA-reductase inhibitors (e.g. simvastatin, atorvastatin),
fibrates (e.g. bezafibrate, fenofibrate), nicotinic acid and its derivatives, PPAR-alpha
agonists, PPAR-delta agonists, ACAT inhibitors (e.g. Avasimibe) or cholesterol
absorption inhibitors such as for example ezetimibe, bile acid-binding substances
such as for example cholestyramine, inhibitors of ileac bile acid transport; HDL-

- raising compounds such as for example inhibitors of CETP or regulators of ABC1 or
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2007/ 014886 PCT/ EP2006/ 064657 6 LXRal pha antagonlsts

LXRbet a agoni sts or LXRal pha/beta regulators or active
Figures 1, 3, 5 and 8 show the X-ray powder diagrams of Examples 2 (anhydrous

form as well as the monohydrate), 3 and 4; Figures 2, 6 and 9 show the
thermoanalyses of Examples 2, 3 and 4 and Figures 4, 7 and 10 show the absorptioh
characteristics of the free base as well as of the mono- and dihydrochlorides of 1-[(3-
cyano-pyridin-2-yl)methyl]-3-methyl-7-(2- butyn 1-yl)-8-(3-(R)-amino-piperidin-1-yi)-
xanthine (Example 2,3and4). - Ea

The Examples that follow are intended to illustrate the invention.



~of aggiispdithe Ihis hygrogsnated & 24 Caand

substances for the treatnent of obesity, such as e.g.
wo SdoPlalsagagi ne or tetrahydrolipostatin, dexfenfl usanE®Ro6/064657
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sorption characteristics of the free base as well :

W’tth Igres; MeaGelis Acihnd di hydr ochl-ori des of 1-[(3-
“cyano-pyridin-2-yl)nmethyl]-3-nmethyl-7-(2-butyn-1-yl)-8
-(3-(R)-anml , no-piperidin-1-yl)- xanthine (Exanple 2,
The 3eactibndyill albe stecegul exddriieds daistiopregsiréant ended to
illustrate the invention. WD 2007/014886
PCT/ EP2006/ 064657 7

" b._Acylation:

Q

o

; HN )

HN o - o
. phthalic anhydride N

NH, o

16.74 kg (1 06.25 mol) phthalic anhydride are placed in the reactor and combined

with the filtrate from the hydrogenation. The mixture is rinsed with .7.5 litres of acetic

acid, and then the reaction mixture is féflukéd, while about 30% of the acetic acid

used are distilled off within one hour. The reaction solution is cooled to 90°C.



Exanple 1 D-tartaric acid salt of the R-enantioner of
i mdo)piperidine a. Hydrogenation: H2
WO 500(?}@%533%'_2 NH2  3- Am nopyri di ne rac- 3- Ani nopi perlr%ﬁ%PZ{)oeloe%S?
10. OO kg (106.25 nol) of 3-ag nopyridine, 500 g of
i ndustrial grade activated charcoal and 65 litres of
c. Racemiate atéavatjee pl aced in the hydrogenation reactor.
50 g of N shinura catal yst (a commercially obtainable
m xed rhodiunf pl atinufjff'catal yst) are added, suspended

in 2.5 tres of ac id, and the nixture is
rinsg h 2.5 litres [of acetic acigf I is*™
hydr o ted at 50C an bar excess rogen

%1 the hydr n uptake has s®ppp
t hen hydr/ogénat ed for—a furtier=30 m nutges at 50C.

The cafalyet~and t he HfF5PEY charcoaloar | tered
of f and wth 10 litres of acetic a( The
reacti on w al so succeed under |ess drasti™
pressures. Db. Acylation: 0 O" (,\ ( t,l;!hlnmgmdmetamte
pht hal i ¢ anhydride N NH2 15.74 kg 6. 2ERAW)

haI i [ re plac ot r t or
A s el 51 ke BiaRaf: Ba%ﬁﬂréélwpﬂ ﬁ@ﬁﬁ@gmqsewe ethanol
heafBdeoNBa T iLmeteroti 90°0/ikid tﬂe%c&lahbﬁ?e@étuﬁ?@dlbﬁon athidis rinsed
and then the reaction mixture i 5 refluxed, while about
with3igblitegs efirbsedeteiathargl@nd stirred for 30 minutes at 90° C, during which
time the product crystallises out. After cooling to 5°C the product is centrifuged off

and washed with absolute ethanol.

d. Recrystallisation:

The moist crude product is refluxed in a mixture of 50 litres of acetone and 90 litres of

- water until a solution has formed. Then the mixture is cooled to 5°C, during which

-time the product crystallises out. The suspension is stirred for 30 minutes at 5°C, the

product is centrifuged and finally washed with a mixture of 20 litres of acetone and
10 litres of water. It is dried in the drying cupboard while being rendered inert at
45°C.

Yields: 11.7-12.5 kg

Example 2
Preparation of 1-[(3-cyano-pyridin-2-yl)methyl}-3-methyl-7-(2-butyn-1-y1)-8-[(R)-3-
amino-piperidin-1-yl]-xanthine base

a. 3-cvano-2-{chloromethyl)-pvridine . -

165.5 g (0.98 mol) 2-hyd roxymethyl-S-pyridihecarboxamide are heated together with
270 ml of phosphorus oxychloride for 1 hour at 90-100°C. The reaction mixture is
cooled to ambient temperature and then added dropwise to about 800 m!' of water at
a temperature of 50-60°C . After hydrolysis of the phosphorus oxychloride the
mixture is neutralised while being cooled with sodium hydroxide solution, whereupon



used are distilled off within one hour. The reaction
j is cooled to 90C. WD 2007/014886

WQ%@W%’%@OG/ 064657 8 c. Racenmmte cleavage: WPGIE%QOGIOG4657
1111 ] ~~~~~~ """\ ~~\~~x TD BN HN\~- DHO O -6 NCH NO
D-(-)-tartaric acid 0 (R)-3-(phtha |im do) pi

the pydudt Repreaibitaride It fs(fﬁbréd o] whsh&d WithQIDG)ﬁ‘nl éflwé@f k@d then
@i 25 tartaric acid (74.38 nol) in 50 litres of

dried gt 861iCet hanol  heated to 50C is metered at 90C into
the acylation reaction solution. This is rinsed wth
10 litres of absolute ethanol and stirred for 30

Yieldi 122,63 @2%90Cthadustidag) whi ch  tine the product
crystallises out. After cooling to 5C the product is
centrlfuged of f and washed with absol ute et hanol d.

c U

vvater until asolutlo\r;wt%torned. henthe mxturels
cool ed toxg durin ' [

crystal lli sgs ouf . spension. i s 30

m nut es , t uct is ce Erleu ed 1aﬁo‘5'f| nal |y
washed with @& mxtune of 20 litres Bf %ceforde and 10
litres of water. It is dried in the drying cupboard

| 202\@}1‘0‘& Hﬁil)’@-nﬁc—ﬁ@?\ gﬁ-bhfw i- pts -bbtho-xAhiHife 1885 §(436%mol)
- anhn rp@Sp@i@erpmrmnate ayd) 188 litred o8 Mméthl—Z?p;(rB)IHony @ard placed
in the regct%r%“ncpi)heateg E'c]) 8¢ | ﬁlﬁ{e}}q@ d (OVJIé mcﬁpﬁ hporome¥hyl -3-cyano-

pyridine in 240 ml N-methyl-2-pyrrolidine (NMP) are added dropwise. The contents

of the reactor are stirred for 19 hours at 70°C. After the reaction has ended 2.8 litres
of water are added to the reaction mixture and it is cooled to 25°C. The product is
filtered off, washed with 2 litres of water and dried in the drying cupboard at 70°C
while being rendered inert. '

Yield: 257.5 g (91% of theoretical)

c. 1 -[(3-cyano-pyridin-2-y)methyl]-3-methyl-7-(2-butyn-1-y1}-8-(3-(R)-phthalimido-
piperidin-1-yl}-xanthine

N N
Il 0 / i 0 /%
XN N XN N
W — f Ra. W
N OJ\T N N OA\T N

N

o)

230 g (0.557 mol) ‘1-[(3—cyano—pyri_din-2—yl)r'nethy!]—3—methyl-?-(2—butyn-1-yl)-8—bromo-
xanthine, 318 g (0.835 mol) 3-(phthalimido)piperidine D-tartrate and 1.15 litres of N-
-methyl-2-pyrrolidone are placed in the reactor. The contents of the reactor are
heated to 140°C. After reaching this temperature, 478 ml (2.78 mol)
diisopropylethylamine are metered in within 20 minutes and the reaction mixture is
then stirred for 2 hours at 140°C. Then the reaction mixture is cooled to 75°C and



a. 3-cva n 0-2-(ch toro nethyl)-pyridi n e 165.5 g
) 2-hydroxynet hyl - 3- pyri di necar boxam d
.WO L(ebgt edggéoget her with 270 ml of phosphorus oxyc'ﬁ?ﬁéschoemmsm
for 1 hour at 90-100C. The rgpaction mxture is cool ed
to anbi ent tenperature and then added dropw se to
dilut@biasith 390 nﬁﬂof%ﬁetﬂ@h@lr 2@* itres SENRRY %wfr%rpédo%&m 60°C and the

After hydrol éSIS of phosphorus oxychl ori de
mlxiiw&taﬁ»@le@ ton E%Gal‘rheémomtllef%eradgof&am sashied wl’@o%llltmﬁ of

watdl BESBBLPObH sk Ro sOBRREPRTA Ve BB deRa e

Theigudié prafied tindd obtapriads thér bt:r%)@lrﬂb 1afreNstrathang! étfmnng
dried at 35-40C. Yield: 122. (r:] f( 82% of theoretical)
temperature; fitkeregdin - washed with 200 m! of methanol and then dried at 70°C

whuﬁfbe?n%gr;%&%xf,{er? met hyl - 7- (2- but yn- 1- yl ) - 8- br ono- xant

O NL' ~I'I N"JII=YNC | Oi N
202 g (o 68 ol )

. 3-net hy 7(2 butyn-1-yl)-8-brono-xanthine, 188.5 g

Y'elé-'l%%g o Of iRAIEERAD) pot assi um carbonate and 1.68
litres of N- net hyl - 2-pyrrol i done are placed in the
reactor and heated to 70C. Then 119 g (0.75 nol)

d. 13{3:4cyanmmrridm- Nmeting]-3oyethgl- 2 butyad0-yilk8-(3-(R)-amino-piperidin:

) mati hél -2-pyrrolidine (NW) are added dropw se. The
—g of the reactor are stirred for 19 hours at
N70C. After the reaction has ggpded 2.8 Iitres of wat er
lare adged to=ttre reaction mixfure apd |t oled to
\55. e groduct is filtered off,y%vd With 2
er \and_dried i cyp rd at -
/)(@N ell >“g (91%

belng rendered [
of the]oretlcal) ,

J6TE- 2- vy et hvl 1 - 3- et hyl - 7- (2 But yn- 1

i m do-

1-[(3-cvano- PY /di
- 1- v- xant hi nexant hi ne

-yl') - 8- (3- (R) -"phtyf
pi peri di n- 1pi peri

412.5 g (0.733 mol) of 1-[(3-cyano—pyfidin-2-y!)methy]]-3-methyl-7-(2—butyn-1 -yl)-8-(3-
(R)-phthaIimido-piperidin'-1-yI)-xanthine are heated to 80°C in 4125 ml of toluene.
Then at 75-80°C 445 ml of ethanolamine (7.33 mol) are added to the suspension. To
complete the reaction the mixture is stirred for another 2 hours-at 80-85°C, during
which time the solids go into solution. Then the phases are separated. The
ethanolamine phase is extracted twice with warm foluene (1 litre ih each case). The
combined toluene phases are washed twice with 2 litres of 75-80°C warrh water on
each occasion. The toluene phases are dried with sodium sulphate, filtered and then
reduced to-a volume of about 430 ml by distillation in vacuo. Then at 50-55°C 1 litre |
of tert.-butylmethylether is metered in and the mixture is then cooled to 0-5°C. The
product is isolated by filtration, washed with tert.-butylmethylether and dried at 60°C
in the drying cupboard. |

Yield: 273.25 g (86.2% of theoretlcal)

melting point: 188 + 3 °C (anhydrous form)



NN Oi &NQ ON N>-Br N>-Oi NNO O 230 g (0.557

WO%RJ[)(J 48csyf/aano pyridin-2-yl)methyl]-3-methyl - 7-(2-%%];/9%%0?6’064657
-yl )-8-Dbrono- xanthine, 318 g (0.835 nol)
3- (pht hal i m do) pi peri di ne Dtartrate and 1.15 litres

TheQinH\drdRs fayi-a- 19%(31c95h6-®9ﬂdﬁ‘{ Q-mhﬂéimﬁ] Bfinéth g%hgrn 1-y1)-8-

The cont ents of reactor aré ed to

(3-(Reatinerginasidin-f efpenihineds statde at re{latNEBthnIO)ttes up to about 50%,

- abofle BRI KR LS R £ hEMeleh afecbegRS sty <°

mommyaﬁe&é: adban ctdaﬂgltfé%éérpﬁomtﬁbl&b%otfﬁlo%%b@%rﬁ fh ﬁ’.@ﬁre 4. Ifthe
and WO 2007/ 014886 PCT/ EP2006/ 064657 10 dil uted wit

relatiyghumidity igsuksaauentty, bropgit kackdp Sk¥eor lass the @mhadma form is

fornfRe B 7P LB fuerSigh MRl s oty Ferspre

water. It is dried in the drying cupboard at 70C while
bei ng rendered inert. The crude product thus obtained

Tabies1t henxsiyi réﬂé’cl s Qith Intdr
2 tenper at ur'e Y refiections hc?;té Saté%g(eslcfjﬁ t i@g%gfor*t’ﬁ’é?hﬁﬁjmusform

met hanoPf 4hi3- @mw l@NI'ICbTGi-Za!I)memyilrﬂﬁme&}&@r@gbwt&ndievié@ (3-(R)-

[ t. %.0f th t ) d.
'IlnEES cyaan)OdB %Z'glr%l %ﬁ\)f Ilnf?yl Ie?rSerr:efﬁyl) 7-(2-butyn-1

-yI) 8- (3-(R) -am no- plperld in- 1-yl)-xanthine N N |1
o1 AN N="Q R L NNOONNI NNPR O

20 dhki intensity
[°] [Al o [%]
8.17 . 10.81 22
837 10.56 19
10.29 8.59 100
11.40 776 14
11.70 7.56 6
12.48 . 7.09 9

 14.86 . 596 A
15.49 57D 2
16.26 5.45 7
16.75 529 18

. 18.38 4.82 11
18.60 477 7
18.92 469 3
19.35 4.58 3
19.55 454 2
2073 4.28 24
21.34 4.16
21.77 4.08 4




412.5 g (0.733 nol) of :
Wogoo[yﬁm‘sgano pyridin- 2- yI)met hyI] 3 met hyl - 7- (2

-yl )-8-(3- (R -phthalimdo-piperidin-1-yl)- Xantlﬁ?’ﬁéﬁiuﬁelosmm

are heated to 80C in 4125 m4pof toluene. Then at

75-80C 445 m of et hanol am ne (7.33 nol) are added to

t he sjuspensi qonpl et g, the reafti on, he .m xture

is stfrred f%@ anot hdr 2 ho&"@ at 80j8sC,! ?'%

go i nt@ysol uti on. Thgn e

phas The J apol ant ne nnggg%ﬁlq

extr war m t glpgene (1'Iitre in each

case)f—the corbi-red-t-oluene phases a-pe——wa-shed—t—w—cfel
with 2 |itr2s60f 75-40C war®98ater op each #ccasion
The tOIUEﬂﬁafHdbEb aredrred—wthsotunrsttpitate:
filtedred antE-Ben rdduced 889 a vol yme of about 430
m byl di sti :{, on 1 vacuo hen at |[b0-55C I Tit{re
of t u# ﬁﬁethvlether |§ teredjin and %h
mxt}e |SQ$F\ coolgd to O . The product11|s
L1t

i sol ed by ration__washed with

tert. -butyImeYI et her and gmweed at $0C i nqphe dryipg

. sl AV Ll N7 90 .
cupbgar-t—Yiet-t-—2F3125-g—86—2%ef+theoretieal)

mel tijng poi2d.66188 3 C (anBydrous form WOS5
2007/j0T488%6 é%’él EP20767 uo4o5‘7'—1‘t"ﬂ1'3—crnﬁy'd'ro'crs—.f-o'm

1-[(’3-cyan 1din-2-yl)meghyl T-3-methyl-7-12-butyn} 1
-yl ) - %@géam no-pi perj é'ﬂ% 1-yl) i xant hi is

st abl]e at rzﬂ gjgl ve hiniditi 83pUp to about 5Q% above
50 %} lakes—upabout 4{% water and |
chandes |nt2)7 45 nonolydrate3.28s can ¢learly e seen

f r om fthe—absorpttomdiagram-n—F+rgure—4—H—the

reI at i ve hufi- @5ty i s [subseq@@dt|y br Jught ba%k. to 50| %

SS, hydrous 1 or forngd—agar n €. The
conv r Si onhf?hé t he rmnohygbé%e is totally r%ver si bl .
Tabl g 1: X- refl egtions h inte1s|t|es2
(standardised) for the anhydrdus forin of
1-[({cyanqgg)34| di n- -yI)rregI@ygI] 3- et hyl - 7-;§2-butyn-1
-yl) S R—amnepiper-di-a—1-—yl-xanthine—20 dhk]

P 7%
intensity 29.8pA] 8.17 10. 83.022 5
30.02 297 8

D

Table 2:  X-ray reflections with intensities (standardised) for the monohydrate
of 1-{(3-cyano-pyridin-2-yl)methyl]-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-
amino-piperidin-1-yl)-xanthine

20 dh intensity

[] A] U, [%]
8.00 1105 | 12
8.45 10.46 26
9.27 9.54 5
10.43 8.48 100




8.37 10.56 19 10.29 8.59 100 11.40 7.76 14 11.70 |
wo Z0g91fego12. 48 7.09 9 14.86 5.96 1 1549 5.72 gepeopppnnsgsy
O R 7° 16.75 5.29 18 1898 4.82 11 18.05%Y
77 18.924.69 3 19.35 4. 58 @& 19.55 4.54'2 20.73
4.28 24 21.34 4.16 1 21.77 4.08 4 WD 2007/ 014886

[ b2 10 £85 7 2] 60 3 s 25 bo 3 Bensihs’ o9
3.85 5 23.4713.79 11 24:3Qa3. 66 12| 24. 6§ f§l 5
11.45 7.72 23
11.74 753 4
12.53 7.06 6
15.91 5.57 8
16.01 553 7
16.73 '5.30 |l 29
16.94 5.23 47
17.99 4.93 | 11
18.43 4.81 15
18.95 4.68 7
19.31 14.59 2
20.54 4z 36
20.85  4.26 30
21.86 4.06 19
22.13 401 8
22.70 3.91 7
22.96 3.87 | 15
23.43 1 3.79 8
2456 3.62 18
25.45 350 2.
25.84 3.44 14
25.99 3.43 14
26.58 335 6
26.88 331 4
28.06 3.18 3
29.04 3.07 4
29.29 3.05 9
30.22 2.06 6




25.58 3.48 2 26.02 3.42 2 26.52 3.36 13 27.15 3.28

wo fooris®8 3.23 2 28,22 3.16 4 28 60 3.12 2 28P§§EP2006,064657
09 3~ 29.80 3.00 5 30.02 2.97 8 Table 2: Xr

refI ections with intensitiesqq{standardi sed) for the
nonohydr at e of
1-[ (3-cyano-pyridin-2-yl) net hyl ] -3-nmethyl -7-(2-butyn-1

- -8-(3-(R) - arrino pi peridin-1-yl)-xanthine 2 O dhki

_llfvw!%ﬁéExa sity [0] [A] ° |||p[0/q soo 11.05 12 8.45
8

AR DRSPS (84 i fgoran
yll-xp#hind inotie thRﬁ:hBﬁldell 74 7. 53 4 12 53 7.06 15. 91
5 .005 g o? 1 é?[(‘3;-<:yano-pync§i| n—2-yl)methyl]-37methyl-7-(2-butyn-1 -y1)-8-[(R)-3-amino-
piperidin-1-yll-xanthine base are dissolved in 50 ml of methanol. Then 3.0 mlofa 3.9
molar solution of hydrogen chloride in isopropanol are added. The solvent is distilled

off and the residue is suspended in 40 ml ethy! acetate and refluxed, during which
time a precipitate is formed. It is cooled to ambient temperature the preC|p|tate is
- filtered off and washed with a little ethyl acetate and dried.

The product is then recrystallised from absolute ethanol.

Yield: 2.7 g (50 % of theory)

melting point: 265 + 5 °C (with decomposition)

- The monohydrochloride exhibits less marked hygroscopic characteristics; there is no
reversible change into a hydrate phase as is observed with the free bese between 50
and 60 % r.h. (see the absorption characterlstlcs of the monohydrochloride in Figure
7). Also, the monohydrochloride only ‘absorbs water at very high relative humidities
(> 80 % r.h.). Humidity-dependent X-ray powder images show that there is no phase
change above 80% r.h. for the monohydrochloride.

Table 3: X-ray reflections with intensities (standardised) for the anhydrous form
of 1-[(3-cyano-pyridin-2-yl)methyl]-3-methyl-7-(2-butyn-1-yl)-8-[(R)-3-
amino-piperidin-1-yl]-xanthine monohydrochloride

20 A Intensity
[l [A] : W, [%]

17.95 ' 4,92 5
10.38 8.51 : 100
8.99 .. 983 22
6.80 . '13.0'1 ‘ 26
5.97 14.82 1
519 17.07 12




16.73 5.30 29 16.94 5.23 17 17.99 4.93 11 18.43
Woﬁo%wﬂs}% 18.95 4.68 7 19.31 4.59 2 20.54 4. 3%30rpoonein64657
8542630 21.86 4.06 19 22134018 22.70 3.91
‘7 22.96 3.87 15 23.43 3.7%s8 24.56 3.62 18 25.45
3.50 2 25.84 3.44 14 25.99 3.43 14 26.58 3.35 6

26. 8§ 3.31 8.06 3.18 3 04 3.07 4 2929 3.04 9
30.24_2.96 é% 2007/ 014888%/ EP2006/ 0646 14
Exangdle 3 474 18.72 8
1_[(" r\ugnn p\lrl di-n-2 \I| \ = =7 = - |
-yl) -|8- [(R)431-4amno plperldaOrea yII xant hi ne
nono yU| ochtoride
4.31 : 20.60 13
3.98 © 2233 10
3.93 22,61 _ 11
- 3.80 23.38 4
3.57 _ 24.91 . 11
3.50 2543 11
3.32 26.87 4
3.15 28.35 2
2.96 30.20 1
' 2.89 30.97 2
2.80 31.92 5
2.74 32.63 2
2.57 34.89 2

Example 4
1-[(3-cyano-pyridin-2-ylymethyil- 3 methyl 7—(2 butyn~ -y1)-8-[(R)-3-amino- plperld:n 1-
yl]-xanthine-dihydrochloride

1-[(3-cyano-pyridin-2-yl)methyl}-3-methyl-7-(2-butyn-1-y1)-8-[( R)-3-amino-piperidin-1- _
yi]—xanthiné base (1.00 g; 2.31 mmol } are dissolved in 9.5 ml abs. ethanol and 0.5 ml
methyl-tert.-butylether at boiling fefnperature. Then 1.2 ml of a 3.9 molar solution of
hydrogen‘ chloride in isopropanol is added. A precipitate is formed. After cooling to
ambient temperature the mixture is filtered, washed with a little MTBE and dried.
Yield: 1.04 g (89.0% of theory)

Melting point; 205 £ 5 °C (W|th decompos:tlon) above about 150°C gaseous HCl is
given off.



5.00 g of

WO:SUUHO%B%F*’J‘”O pyridin-2-yl) met hy'] 3-nmethyl - 7-(2- M/E&O&@/O&BS?
: -yl) (R)-3-am no- piperidin-1-yl]-xanthine base are

di ssolved in 50 mM of nethangy. Then 3.0 m of a 3.9

nmol ar sol ution of hydrogen chloride in isopropanol are

TheatitdetocHlbede elsoeé)thlbltis amreindrk&isle Hygrosvodid hshavisirddere is no
uspended. i n 40 et hyl acetate and refl uxed,
revelblpig

angiediAto 2 .huéraée phage gsobserves! with thaifree bape between 50
and %@Q’l/a% ?Fﬂﬁa Q%Q%Eﬁﬁﬂ?gﬁglta{&aﬁlstifzg of eeﬁf {O%Q(;E’é‘td%t"e’ Figure 10).

flltere |tt

Theaiﬂu}/ctﬂochﬂdndg tm<epsru1da certam afeant @fwval@t @bhllmﬂhsiy over the whole

P g{ g Yield: 2.7 8 (50 % of theory)
-ra”%‘P r@ﬁaélvs Yrpiaitisgs HLS“'@'%MG(PFF“ BRlfIBY PPVERY | "”*WQ;BS show that
scopi c

e e Srhbe ™ Fhinkdry 18ige FEML TE OBk Ce i nto o
‘hydrate phase as is observed with the free base
between 50 and 60 %r.h. (see the absorption
characteristics of the nonohydrochloride in Figure
7). Al so, the nonohydrochloride only absorbs water at
very high relative hunidities (> 80 %r.h.).
Hum dity- dependent X-ray powder inmages show that there
is no phase change above 80% r.h. for the '
nonohydrochl oride. Table 3: X-ray reflections with
intensities (standardi sed) for the anhydrous form of
1-[ (3-cyano-pyridin-2-yl)nmethyl]-3-nethyl-7-(2-butyn-1
-yl)-8-[(R)-3- am no-pi peridin-1-yl]-xanthi ne
nonohydr ochl oride 20 dhki Intensity [l [A] Ina [%A
17.95 4.92 5 10.38 8.51 100 8.99 9.83 22 6.80 13.01
26 5.97 14.82 1 5.19 17.07 12 WD 2007/014886
PCT/EP2006/064657 15



4.99 17.78 5 4.74 18.72 8 4.44 20.00 10 4.31 20.60
WOQ@710$4&% 22.33 10 3.93 22.61 11 3.80 23.38 4
.91 11 3.50 25.43 11 3.32 26.87 4 3.15 28. 3 !%520061064657
29630201 2.89 30.97 2 %480 31.92 5 2.74 32.63 2
2.57 34.89 2 Exanple 4
‘Table *’l& § 380Xalag-rpﬂe¢tiﬂm3 vﬁtWiniémiitied Gstéhdmti Red) for (e Bnthydrods form
-y ami no- pj peri
yil- xaanﬂﬂ@ QY&RPdPthQW'@rY'B'@ethVE] -3-methyl-7-(2-butyn-1-yt)-8-[(R)-3-

VRPN ) S L G Lo s TS ey

(1.00 g; 2.31 mmol ) are dissolved in 9.5 nl abs.

et ha g_t_hul ~tort-butylether at pojling
ten‘par ature. z@en 1.3 m of ggy3. 9 nollar smtgﬁgw of
hydr oggen chl oride in |sopropanol i s 4dded.
precifpitate [5 f or med. Aftel{Ac}ooI [ ng to anl[%jt
t enpgrature _themxtgre s friteredTwastred—wtir=
littlle MIBE7a#l dried. Yi élZd261. 04 * (89. 098 of
t heorly) Mel 1‘7| pol ni[: 205 15 (W thm déco ition)
above_about "150C _gasgous HA -2 gi vén off.
2007/{014886 gRgAT/ EP20Q6/ 06468 414 g
10.04 8.81 | 54
11.63 7.67 100
11.87 7.45 5
12.20 7.25 . 19
13.25 ‘668 2
13.97 6.33 5
14.47 6.12 16
15.77 561 18
16.65 5.32 4
17.15 517
18.05 : 4.91 11
18.50 4.79 _ 37
18.80 4.72 14
20.16 4.40 15
20.46 - 434 2
21.03 - 422 3
21.36 T a6 - 10
21.64 4.10 18
22.54 3.94 9
23.17 3.84 13
23.90 3.72 15
24.57 3.62 7




16 The di hydrochl oride al so exhi bits unremarkabl e
wo Potgfoaaggepi ¢ behaviour; there is no reversible %%55%061064657

into a hydrate phase as observed with the free base

between 50 and 60 %r.h. (sge the absorption

characteristics of the di hydrochloride in Figure 10).
The d!.‘hydroc |.oride tlakes up, a certafn arml{nt%xp wat er

cont i huousl @ver t he V\/noledhl"ange of r\%

hum dj ti es. m di t y-|Jdepend X-ray |powde ges
show bkhat—tf i cyrn ghnejm:lhanma iln thpﬂlﬂlg‘}?dl Ly
rangel froma9ss 90 r.th. WO 3(537/ 014836

PCT/ HP2006/-66465% 14 Table wXeravlrofl oct | ons Wit
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intensiti es%@ﬁandarm sed) 8d@5 t he aphydroustfform o
1- [ (3Fcyano-pyridim=4-ytymett rJ-oulﬁ‘ry'Q??-—?-—b'm‘W-l
-yl)-B-[(R?* éﬁ 3.50 1

am nof pl per 1-vyl ] -Xanth di hydr ochlorrge 9(.
dhki 'ntens#?\bg [ 0] A] 1/ 13% .20 12. 268| : 188
11.24 27 99 9.46 § 10.0 81 54 11. 53 7

11. 871-7.-45 R§'4$7 20 4.25 1q§4$l? 25 6168 2 1’7? 97.6 3[3

5 14| 47 6.28525 15./77 5.6338 16.65 5.324% 17.15
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26.79 $3.32 43
2724 - 327 4
27.66 3.22 | 3
28.15 3.17 6
29.22 3.05 3
29.48 . 3.03 23
30.16 2.96 18

The melting points were determined by DSC, using an apparatus supplied by Mettler-
Toledo (type: DSC 821). The melting temperature used was the temperature of
onset of the corresponding melt peak in the DSC diagram. Heating rates of 10 K/min

were used and the experiments were carried out under a nitrogen atmosphere.

The X-ray powder diagrams, with one exception, were .recorded using an STOE
Stadi P X-ray powder diffractometer. This diffractometer opérates with Cuk,4
radiation(A = 1.5406 A) and a location-sensitive detector. The X-ray generator was
operated at 40 mA and 40 kV.

The X-ray powder diagram of the monohydrate of the free base was recorded with a
Bruker D8 Advance X-ray powder diffractometer on which a special air humidity cell
made by MRI had been placed. The diagram was recorded at about 72 % r.h.. The
Bruker D8 Advance operates with CuK,, radiation (A = 1.5418 A) and also a

location-sensitive detector. The X-ray generator was operated at 30 mA and 40 kV.
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Coatéd tablets containing 75 mg of actlve substance

" 1 tablet core contains:

active substance | ' 75.0 mg
calcium phosphate : 93.0 mg
corn starch 35.5 mg
polyvinylpyrrolidone _ 10.0 mg
hydroxypropylmethylcellulose 16.0 mg
magnesium stearate 1.5 mg

230.0 mg

Preparation: ‘

The active substance is mixed with calcium phosphate, corn starch, polyvinyl
pyrrolidone, hydroxypropylmethylce!liﬂbse and half the specified amount of
magnesium stearate. Blanks about 13 mrﬁ in diameter are produced in a tablet-

- making machine and these are then rubbed through a screen with a mesh size of 1.5
mm using a suitable machine and mixed with the rest of the magnesium stearate.

This granulate is compressed in a tablet-making machine to form tablets of the
desired shape.

weight of core: 230 mg
die: 9 mm, convex
The tablet cores thus produced are coated with a film consisting essentially of

hydroxypropylmethylcellulose. The finished film-coated tablets are polished with
- beeswax.

Weight of coated tablet: 245 mg.
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maB6esiER?ORGIMNEe4657 19 ZIRangle 5 Coated tablets
containing 75 ng of actlive substance 1 tablet core
contains: active subs€€hPdngs. 0 ng cal ci um phosphat e
93.0 ng corn starch 35.5 nmg pol yvinyl pyrrolidone -~
10.0 ng hydroxypropyl nmet hyl cel | ul ose 15.0 ng-

- MethodhobBiapargtisar ate 1.5 mg 230.0 my Preparation: The
The%?:ﬁ\'(% %ugégﬁéj‘%ﬂ%gtpgg rgp;(%gcho%t{g’n%&ggiltg&tﬁgg g crI] zE‘Jtni c')rrﬁl?/rrrr;oistened |
with %ﬁ@bﬁ{s@@!&tw StheJoHiasyridIdionR! Tarddiehe RESis dothbosition has
~ been screened (2.0 mm mesh size) and dried in a rack-type drier at 50°C it is
screened 'again (1.5 mm mesh size) and the lubricant is added. The finished mixture
is compressed to form tablets.

Weight of tablet: 220 mg

Diameter: 10 mm, biplanar, facetted on both sides and notched on one side.

Example 7 . _
Tablets containing 150 mqg of active substance

Composition:
1 tablet contains:

active substance | 150.0 mg
powdered lactose | 89.0 mg
corn starch 40.0 mg
colloidal silica | 10.0 mg
polyvinylpyrrolidone 10.0 mg
magnesium stearate 1.0mg



magnesi um stearate. Bl anks about 13 mmin dianmeter are
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Exafipld 81

Hard gelatine capsules containing 150 mg of active substance

1 capsule contains:

active substance 150.0 mg
corn starch (dried) approx. 180.0 mg
lactose (powdered) approx. 87.0 mg
magnesium stearate ) 3.0 mg

approx. 420.0 mg

Preparation:

The active substance is mixed with the excipients, passed through a screen with a
mesh size of 0.75 mm and homogeneously mixed using a suitable apparatus The
finished mixture is packed into size 1 hard gelatine capsules.

-Capsule filling: approx. 320 mg

Capsule she_li: size 1 hard gelatine capsule



Is conpressed to formtablets. Weight of tablet:
wo bEb7ldhaggt er: 10 nm bi pl anar, facetted on both ? 0 6/064657
and notched on one side. Exanple 7 Tablets containi
150 ng of active substance 4£onposition: 1 tabl et
contains: active substance 150.0 ng powdered | actose
Exafitpl®9ng corn starch 40.0 ng colloidal silica 10.0 ng

pol yvi nyl pyrrol i done 10.0 g magnesi um stearate 1.0
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Preparation: The active substance m xed with | actose,
corn starch and silica is noistened with a 20%

1 supgosibery qootaing:nyl pyrrol i done sol uti on and passed

a screen with a nesh size of 1.5 mm The

acﬁ‘@aﬁ'ﬁ%&% C%ried at 45C, are passed thrdbg® F[ﬂﬁe sanme
po%fﬁgﬁ‘éhe’g?nﬁomg@g mxed wth the speci égﬁ unt of

tearate. Tablets are presse

ne
.poiyeamlﬂr@glymll gﬂG)Oof tablet: 300 ng di e460@ rmy fI at
el atine c%psul es containing 150 ma of

9015’8}(!?%[3%5[]6 MPNESISAE cont ai ns: 840.0mg
| 2,000.0 mg

‘ Preggr_ation:

After the suppository mass has been melted the active substance is homogeneously
distributed therein and the melt is poured into chilled moulds.

. Example 10
- Suspension containing 50 mg of active substance

100 ml of suspension contain:

active substance 1.00¢g
carboxymethylcellulose-Na-salt 0.10g
methyl p-hydroxybenzoate 0.06¢
propyl p-hydroxybenzoate 0.01¢g
glucose ' 10.00 g
glycerol 5.00¢g
70% sorbitol solution 20.00g
flavouring e 0.30g.

dist. Water ad 100 ml



active substance 150.0 ng <corn starch (dried) approx.
wo 358904439 | act ose (powdered). approx. 87.0 ng PCT/EP2006/064657
magnesi um stearate 3.0 ma approx. 420.0 ny
Preparation: The active subsjgance is mxed wth the
- excipients, passed through a screen with a nesh size
Premdrafion’S mm and honogeneously m xed using a suitable
apparatus. The finished mxture is packed into size 1
har d gelatine capsules Capsule fiIIing approx 320
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Example 11

Ampoules containing 10 ma active substance

Composition: _ _
active substance 10.0 mg
- 0.01 N hydrochioric acid q.s.
double-distilled water cad. . 20ml

Preparation:

The active éubstance is dissolved in the necessary amount of 0.01 N HCI, made

isotonic with common salt, filtered sterile and transferred into 2 m| ampoules.

Example 12
Ampoules containing 50 mq of active substance

Composition:
active substance 50.0 mg
0.01 N hydrochloric acid g.s. |
double-distilled water ~ad . 10.0:ml



~,100 m of suspension contain: active substance 1.00 g
thyl cel l ul ose-Na-salt 0.10 g nethyl
‘Nog@ﬁy %%gﬁbenzoate 0.05 g propyl p-hydroxybenzog?ngmmsm&WST
0.01 g glucose 10.00 g glyggrol 5.00'g 70% sor bitol
solution 20.00 g flavouring 0.30 g dist. Water ad
Preg&atioh: WO 2007/ 014886 PCT/ EP2006/ 064657 23
- Preparation: The distilled water is heated to 70C. The
met hyl and propyl p-hydroxybenzoates together with

t I I : j f_.carbox thyl cel | pyl,ose
The <t LB S{efloq 1 His3Bel M heBhsh g OHRE L Biolch it Eoce
isotaiolvdith cammobi st filteniadtelileadtrahsi8Re@itb I® mi ampoules.

substance i s added and honobgeneously dispersed therein
with stirring. After the sugar, the sorbitol solution
and the flavouring have been added and di ssol ved, the
suspension is evacuated with stirring to elimnate
air. 5 m of suspension contain 50 ng of active
substance. Exanple 11 Anpoul es containing 10 ny
active substance Conposition:. active substance 10.0
nmg 0.01 N hydrochloric acid q.s. double-distilled:
water.- ad 2.0 ml  Preparation: The active substance is
di ssolved in the necessary anmount of 0.01 N HCl, nade




i sotonic with common salt, filtered sterile and

wo beRshglsred into 2 arrpoul es. Exanple 12 Anp
cont alﬁﬁfng 50 ng of active substance Conpositi gﬁjnﬁﬁzoosfomes?

active substance 50.0 ng 0.84 N hydrochloric acid

g.S. double-distilled water ad 10.0 ml WO 2007/ 014886

PCT/ EP2006/ 064657 24 Preparation: The active

substance is dissolved in the necessary anount of 0.01
Patentfelaimgade i sotonic with conmon salt, filtered

sterile and transferred into 10 ni anpoul es. WO

2007/ 014886 PCT/ EP2006/ 064657 25 Patent C.ainms 1.
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hydrates thereof. 2. Hydrochl ori des of
1-[(3-cyano-pyridin-2-yl)nmethyl]-3-nethyl-7-(2-butyn-1
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Y tes.thereaf, i drochl ori des
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-yI) 8- [(S)-3-am no-piperidin-1-yl]-xanthine and the

ﬁyrates thereof. 4. 1-[(3-cyano-pyrid

quth%reielsﬂf]Li{afn@rahwpy?"d(rﬂzmmhy!}s methyl-7-(2-butyn-1-yl)-8-

am _na
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1-[(3- cyano pyridin-2- yl)msthyl] 3-met hyl - 7- (2- but yn- |
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4. _d H\aaevana-pyridie-Zaw eﬁwllrﬁfmeamdsz {rbubyof 1-yH-8-(B-amino-piperidin-

- B GHAREbhShydrachioride apd the fydrates fhergof  m - 3- an

- no- piperidin-1-yl]-xanthine nnnohydrochloride and the
tes thereof. - 7. 1-[(3-cyano-pyrid

. h
3. ﬁ@?w@r}ﬂ;?)ﬁrwpisylh@@ﬂwﬂ 47n‘(82h}dd{ g,;h tyn-1 -yl)-8-(3-amino-piperidin-
- Yyl Btk R SaAfiRRhioride and the hydrates thereof.

6.  1-[(3-cyano-pyridin-2-yl)methyl]-3-methyl-7-(2-butyn-1-y1)-8-[(R)-3-amino-
piperidin-1-yl}-xanthine monohydrochloride and the hydrates thereof.

7. 1-[(3-cyano-pyridin- 2-yl)methyl] -3- methy! -7-(2-butyn-1-yl)-8-[(R)-3-amino-
piperldln 1-yl]-xanthine d:hydrochlonde and the hydrates thereof.

8 1 -[(3-cyano-p'yridin—2—yl)methyl]-’3—methyl-7-(2-butyn-1 -yl)-8-[(S)-3-amino-
piperidin-1-yl]-xanthine monohydrochloride and the hydrates thereof.

9. 1-[(3-cyano-pyridin-2-yl)methyl]-3-methyl-7-(2-butyn-1-y()-8-[(S)-3-amino-
piperidin-1-yl}-xanthine dihydrochloride and the hydrates thereof.

10. 1-[(3-cyano-pyridin-2-yl)methyl]-3- methyl 7-(2-butyn-1-yl)-8-(3-amino- plpend:n-
1-yl}-xanthine monohydrate




pi peridin-1-yl]-xanthine dihydrochloride'" and the
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11.

12.

13,

14,

1-[(3-cyano-pyridin-2-yl)methyl] - 3- et hyl - 7- (2-
-yl)-8-[(9)-3-ani no- piperidpg-1-yl]-xanthine
nmonohydr ochl ori de and the hydrates thereof. 9.
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in-2-yl)methyl]-3-nethyl-7-(2-butyn-1-yl)-8-[(R)-3-am
no- piperidin-1-yl]-xanthine nonohydrate. 12.
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