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earlier point in the cascade than ACE inhibitors and have a different effect on the compo-
nents of the RAS. After the administration of a renin inhibitor, the formation of both Ang ! and
Ang Il is blocked, thereby preventing the formation of angiotensin peptides by ACE and non-
ACE pathways. These effects on the RAS provides the pharmacologic rationale for the study
of renin inhibition in hypertension and cardiovascular diseases, and aliskiren (SPP100,
SPP100A or SPP100B) is a potent and selective inhibitor of human renin: SPP100A (hydro-
chloride salt) demonstrated potent in vitro inhibition of human renin (IC50 = 0.6 nM).
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This compound and its manufacture are specifically disclosed in EP 678503 A.

The active ingredient aliskiren is the free base which is described specifically in EP 678503 A
and it has one basic group, the amino group in position 5. This group has a pKa of 9.79 and
can thus form salts with acids.

EP 678503 A, discloses the hydrochloride salt (example 137) and the hemifumarate salt
(example 83) as specific salts of aliskiren. No crystalline forms are found there.
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General and Detailed Description of the Invention:
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Fig. 2: X-ray powder diffraction pattern of Modification B (X-ray powder data measured with
Scintag instrument with Cu K alpha radiation source; Step 0.020 °, Cnt. time 2.400 sec.,

Range 2.00-40.00 (Deg.) Const. Scan Rate 0.50 Deg/min)

Fig. 3: X-ray powder diffraction pattern of amorphous aliskiren hemifumarate (X-ray powder
data measured with Scintag instrument with Cu K alpha radiation source; Step 0.020 °, Cnt.
time 1.200 sec., Range 2.00-40.00 (Deg.) Const. Scan Rate 1.00 Deg/min).

Fig. 4: X-ray powder diffraction pattern of Solvate Form S, (X-ray powder data measured with
STOE Stadi P Combi instrument with Cu K alpha radiation source; Slit 4 mm/2 mm between
kapton foil, Transmission; Monochrom.: Curved Germanium (111), Radiation 1.54060 Cu,
Generator: 50 kV, 30 mA, Detector: Linear PSD/Moving/Fixed Omega; Range 1: 2Theta
(begin, end, step) = 2.000, 39.980, 0.020; 325.0 sec/step, Imax = 1884)
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Fig. 10: X-ray powder diffraction pattern of Type Il (Form A equilibrated in tert-butyl methyl-
ether at 25 °C) (X-ray powder data measured with STOE Stadi P Combi instrument with Cu K
alpha radiation source; coll 2 mm slit, Sample position 10.000, 45.000, Transmission;
Monochrom.: Curved Germanium (111), Radiation 1.54060 Cu, Generator: 50 kV, 30 mA,
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wo edosnsieed a form of aliskeren hem fumarate (dPCEP2007/009573
substance = DS) which conpri ses preferably at | east
20 % nore preferably at |least 30 % yet nore
preferably at |east 40 % espegially 50 % (by wei ght,
respectively, and related to the total aliskirene
hem'fuma rate present (= 100 %) or nore of a specific

crystalline form eC| besi des her forns
e POR YRR BT e iREn Redeens s - AzBRg Reciasa o
Modifietiph Actypes/ Blf B dridid td Momﬁcatwbcm fication B and in
particular Mdification A as described below in nore
detail are especially pre ferred. Further, this
Thestepip ealugte inchides hydsalgs csolvates seentioned speifically ergprsefeaied. y
the forms SA (also called formE herein) and S as wel |
An gerggw e&@ﬁﬁ?'?%‘?fﬁ@'m%ﬁﬁr%ﬂafmﬂ giffeqart conty %%’P?EPF%OM@Q to the in-
venfibBRepreseniatdsy the C6MERSidrsdcREmE ghveh indigtiat e) , Type ||
(conprising tert-butyl nethylether), Type III
Esgecialiypihe Suirgnalermtauseddor hatufahye cahprisaraeyystal form according to the
mvérﬁlgﬁ Toef B9Y h %a%z&tEXI&Gr‘ p@rahoﬁxy Qc?mér\éln QQgErruP§hgsq%nce in cr'PlstaIIine

t
fOWZCegP%g%M&;'th the h@'ﬁ%m@ﬂes&f crefﬁﬂa&n@foym smr@'a'r'yrp@ ajher (especially amor-

phou§ B FidRey QIDSRAEL, ghien 3B HRARI)abo RS ARV, Yard &eiieh%d embo-
t age ust given. Note that,especially wth
d‘"‘?%‘@&f@“ %ef‘h ‘r X-ray diffraction pat terns, types I,
ax. : L]
ouls 0oy 45 ok BBl sy B byt
wetigganuigtier as desoribedhelow freswingck-g prea pait elthe pliskiren hemifumarate pre-

senPELAREHARLS rﬁé‘leﬁ’% %ﬁ&ﬁo?%l\‘igte)t Ih@veﬁ‘tﬁél%é fRsAsier REndiiRG better sto-
rr ed ferent Crxsta forms accordlng tot e in

raab5abfitst of (e prlsCutip G by AR SEGINAGEST bR oM G ARma-
ceutical piegaraligns dispeloéralsligh béweoflen)stallizaticdrdcadrs. 'lihie%fofﬁapllhe manufac-

ture@%”gf‘ﬁa gut%sﬁ?m.}]éti%ﬁs ﬁo:% Ylgﬁ %kmé gfr tn% gl%é Lgﬁltg}%e is also a pre-

I nven romaceuti cal

fe"@d)ﬁﬁjwfkmﬁfg}qfﬁ@'@\feugo%ubst ance in crystalline form
ecially h the percentages of crystalline formin
Wh?fé|f%rt"i'%iﬁ>"?ve9n%méer"e€é§>ﬁéaé fosmp gecarting ﬁ?H%%@)(e’f“BP erapflata are
merdiobd, shdysir@ preeralfly vistainas uidee trer doaditicHsaiescrived il®k @Wtresponding
figU%hl é%r gferred enbo dinents of the invention. During
manufacture at least part of the crystalline form
may be | ost, especially during wet granul ation as

Theqﬁ%ﬁﬁérp%eggﬂlma@33§ WlchsRPfofm g)f allsRiréh Mxﬁm@faté B&sed.on (-

al i skiren mar at e pre sent as anorp hous materi al
COMBFiRNG At '%%ﬂ‘x?gt"’e?'efeﬂ%‘%hé?‘t'ﬁaeﬁt e &, Pfé‘o?ﬁb@f atieastipe vpgyet more
prefbiblyeit 1eabiot0r BOGrs prfbrdbly 3t 1€4s€ 50 o, ndoBEprbratdblyaieki 60 % (by

welgﬁ{t rgép%%tlv%ly)?e 5""‘.9 tezaagrecalsre] uE) rt]oeg on r%%uaec;;rg{erab%fupptg%%%, besides
mainly amorphous material and possibly other crystalline forms of) a crystal form termed
Modification A which has the following X-Ray diffraction pattern (under the conditions given
in the description to Fig. 1) given as peaks at degrees 2Theta +/- 0.3 degrees: 6.0. 7.3, 8.6,
9.2 and 9.9, more preferably at degrees 6.0, 7.3, 8.6, 9.2, 9.9, 15.0, 17.2 and 17.9, yet more
preferably 6.0, 7.3, 8.6, 9.2,9.9, 15.0, 17.2, 17.9, 19.2, 19.7, 20.1; especially an X-ray dif-

fraction diagram corresponding to that given in Fig. 1.



ceutical preparations al so where such | oss of

crystallization occurs. Therefore, the manufac ture of
w@b@smeiset i cal formul ati ons from such forns oPCT/BR2007/009573

drug substance is also a pre ferred enbodi nent of the

i nvention. Were for the follow ng preferred crystal

fornms according to the inventigon X-ray data are

nmenti oned, they are preferably obtained under the

condi tions described in the corresponding figure

| | t I
o 80 B, DA BOSS B Pk Bl
baged dndasompiEiag iesfstiQibl prefatablyeh BhastZAD %) monemeeferably at least 30 %,

yetpﬁcﬁg SFe?é?!aMy at le%& §§t°/f %Qg%r?fgﬁbllygg%ggt%e’f q{r@'@ éfr}e%‘al{fzﬁ%ast 80

ver
% %nd m%%gtef%eg'%a( IpgstRe |°/g foy welighs, rﬁ%?P?FtWéW pegidegmainly aemrhous
ma(éﬂﬁl%n‘dﬁao%ﬁbl? Oth¥ ciyBtEBndlofhE6MR L:Mlst\épfofrﬁ) te?r%e&%od*ﬂ@é}ioﬂ ®Swhich

n?e, &”émng%’g?yoﬁ? ﬁr@c@r)er{algg%r 3%%5&%?%'}“3{ c{r@fgmga in the description to

Figh®)djifencatpeaks at debieeh 2Tiesta +h0.3fdelyte@wd 1§ 626, Rery 8.0, more preferably

at %8@;5 3 b7 pag ’E_zie{é‘e %ﬂd‘?ﬂ\i/ éfenﬁm%% %Jabg%sa gioven 58 148 145

scription to tdeg 7 &ds
15.6,TH«A: gsgqmallm ag Xd'gg diffeactiorgdiagrarp. cgrresg)oﬁdrngtcgthatrm\leg i9Fig. 2.
nor e preferably at degrees 6.0, 7.3, 8.6, 9. 2 9 9,
15, 0, 3 et nore preferably
In agre%‘rer ngo rgerg th;eL gwgntr elgtes {ea grysti:bf_ogn ) 1aysk7reni@mifumarate
bases pe ¢+ abrhyrishiy aX4e“aay10% fpréferabtyiaoleadizag&; anore praf@apipatiieas 30 %,

yet%ré Er%}erz%h?/ St]r' a%s'? 46: %g Ver% @rJ} P i€ast %Hbf) 21 qmglnkpltrérefee%a%% at least 80

inve orm-of”
% 4ndmdst pigfeiatdy atdeast 9@|% (by V\@mhp r&sspecrtgelat besidest maigly@morphous

maféFera%B %Q&éfblﬁbthEﬁ&%talm f(e){?mm &chéaf Lhak) ern@ferr“r@@§$lvé}{Q Form

nore preferab ¥ | east "40 % very preferab Y
Sa ‘%’E'C'Y'é%%‘ e &HOW/&Q KR 9 ’ﬁ?‘@ﬂé’PB‘HW'VSE‘ ap peaks abdegrpenpfheta +/- 0.3
degnast Pediaf(EaTablay: 428, 510 agt 148, 158 hg.0We. ghitd 20.7, more preferably 4.5,
r Y ) I p [
5o ERRREI S )11 BRI A58 TRLEL X 2UREPRORSGTPAEE! Ay 33 0.7,
21 'i,é’ﬂrﬂeazﬁ'b%ﬁpﬁtlélma@ﬁf@ difftaction iagrarrheorfespértinigrig theét Glagn in Fig. 4.
diffraction pattern (under the conditions given in the
description to Fig. 2) given as peaks at degrees
In addihet @mbddiméht Ihél Bgemtrn reldteSto HerPstal form ofBlitkireABEMIfumarate
bas%r} 8& r aobrrlr;}rﬁglg eaq Ee? e@?ﬁgﬁ%érgg% gf l%;% ZO '0/‘? l?n%’r% %%fe?itgy? gt least 30 %,
yet mr%premsab@/ atleasti40 %s pary pedfdrgblaat 19Gst &9 %dhighlyapcdferably at least 80
% &Rl Ws?&bfé%ﬂ' ﬁ&@éﬁggb@% (B?wEBﬁtt régbe/c%oel%/)nbe:ér&s nz'arnly Qmo?hfus

anot her enbod tion re
matggig! ﬁpeposcﬂ'h'xswhrfewwmefferﬁﬁroékaecrbsa@éaiva}ﬁ foren temﬁweraﬁ@ Form
Sg vitlich reg ke fb@c%rngpF(E!:fa@fcﬁbbc}troﬁbatﬁeﬁ@&lnd&(lh&torm&foﬂs given in the
desgrrp$on Oa]l_nl y5 %rve!w %g%eaks at d%grees 2Theta +/- 0.3 degrees: Peaks (°2Theta):
6.7,7.2,8.0,612.2,15.6, 16.9, 17.3 and 18.3, more preferably 3.7, 6.1, 6.4, 6.7, 7.2, 8.0, 10.0,
11.1,12.2, 15.6, 16.9, 17.3, 18.3, 18.7, 19.5; especially an X-ray diffraction diagram

corresponding to that given in Fig. 5.

In another embodiment, the invention relates to a crystal form of aliskiren hemifumarate ba-
sed on (= comprising at least 10%, preferably at least 20 %, more preferably at least 30 %,
yet more preferably at least 40 %, very preferably at least 50 %, highly preferably at least 80



yet nore preferably at |east 40 % very preferably at

| east 50 % highly preferably at | east 80 % and nost
w@e@Boembi y at | east 90 % (by wei ght, respectiRel/gEP2007/009573

besi des mai nly anorphous material and possibly other

crystalline fornms of) a crystal solvate formterned

Sol vate Form SA which has the §ollow ng X-Ray

diffraction pattern given as peaks at degrees 2Theta

+/- 0.3 degrees: Peaks (2Theta): 4.5, 5.9, 7.1, 14.8,
% g‘/\%lrgb% pgefeg'gbli at lﬁ_&%g ; %yivevgf r%spg(rj_tkey];gs %?%_X@f‘fn%ﬁg!y%n%rphous
mafeBialgnd o sgibly DheBcrydi8life folrBs df) a &§stal sak@ie/fornd ferrhed T@pelijl, which

hagt%e @ollo@ﬁﬁ 1!2 I%ra@‘{;bn)%alﬁ@% égﬁJefr [h%%‘bh(ﬂ{]onq g"?\%'ﬁmhﬁ description for

correspo
Flge@tﬂb‘(ﬁ”rﬁémeak% Hdalepiega ﬁ?heéfn +e §|3a1e9'§e§ ‘Peake ("gEnetn): ﬁdr o7, 9.1,

10. @I 1§4<I1e@rbnhenmzf HIERS %rmai 7040 s(rgqowel Bil, @916# 1282642,
0% prefgrgbty ea re era
15,1 o1kt 153 950 10 B2 TR <Yt 280y e PR IR Bffachopyfagram
corfspbrelirajab yhaivee askig. ®0 % hi ghly prefer abI y at | east
80 % and nost preferably at |east 90 % (by wei ght,

respectively), besides mainly anorphous material and
In another enhodimendr the invettidn relates toa aystelf fprmaoiatigidteal hegifimatate ba-

sed & R(g‘ctoﬁlrpﬁﬁgg FAbyay @%F&Ef@ra%@ Ma@t‘zd‘%smtn rb @bVt st 30 %,

fraction Qa tern un er condi ti ons Iven
Ye‘ impere H@fed&b?‘i IBRst 8f 7 yemipgeferahly gt ’%ﬁ‘rﬁ 593/0 péghiyspreferably at least
80 thegdensst grenaatily at leadd 98 %Wi@YWerBt, rdipadtiell ) bBSES) raiflly Amorphous
maffigiond gt ofer igding s ond cijs /L0y sy i BhEy Toop vwicn
hasjtpe fllowisg &;Rayadifgraction. pdtternh urler th8 canditiohs §jver sptbe idasdription for
Flgaﬂ gK/eF\ %X pgélisfart@8&&9§2ﬁ{e@¥ﬂ%%5r@3§ RRAKY {"%T tb§t5 9,7.2, 8.6,

anot di nent , ven I on

9. 2r19 %t1é§ 3503”&19& @P’ef%‘?fﬁﬁaé'b’ "a? |%%7r?eﬁ B i fQJPrHPaY d1§a15.0,

16.8,81¢.40n7.6, TS esgeclly heRAShy difidetiopldRigedn bbiyespbndif@etthat

w%ﬂnff re preferably at least 30 % yet nore

9 pre é*ably at least 40 % very preferably at |east 50
% highly preferably at |east 80% and nost preferably

In aAbthbe@RbodHRert® thd ¥ ¥ficH rF'éliateg W&%tél\fﬁ'}wyaf’ahﬁ@réh HERifumarate ba-

mai nl y anor phous materi a 0ssi
sedqny(3 £APPiSRg ?f&%%ﬁ)p%feabgw IePSIc| % e PR PRI ohigas! 30 %,
yet wansprbietabnwmlnéaat %, Ve pletdrhsybtehsXsiRey highkyfpréisitabl it least
L N T
matgeiq) raeésossmadxtber(@mwtra)foms of), a Gfystgl sBlvate f@miterniddl Bype VI which
has]tﬁe ﬁ)llov&@gﬁQ RaJi% ffgr§ct|%n 9%&@ (@B@rf thé g&ld)ﬁgﬁs éwirgrnjhe q%s%Bptlon for
Fig. féggen qugaksggd%greq_#ﬁletafg @3 dgg;eeAs nglﬁ;e(czﬁ]epay Raqks (°2Theta):
4.6)6.9.ay, diz i1.actd.enedi 850 aRy ¢ORIRGRPRAEEBly U®, bAY. 108 Y892, 11.2,
116,727 $.8%4.8, 16.4, 16.9, 18.5, 19.2, 19.8, 20.8, 21.4, 21.8, 23.3: especially an X-ray
diffraction diagram corresponding to that given in Fig. 8.

In another embodiment, the invention relates to a crystal form of aliskiren hemifumarate ba-
sed on (= comprising at least 10%, preferably at least 20 %, more preferably at least 30 %,
yet more preferably at least 40 %, very preferably at least 50 %, highly preferably at least

80 % and most preferably at least 90 % (by weight, respectively), besides mainly amorphous



I n anot her enbodi nent, the invention relates to a

crystal formof aliskiren hem fumarate ba sed on (=
wWeopnsseng at | east 10% preferably at | east 2Or/8#2007/009573

nore preferably at |least 30 % yet nore preferably at

| east 40 % very preferably at least 50 % highly

preferably at |east 80 %and _ngst preferably at |east

90 % (by wei ght, respectively), besides nainly

anor phous material and possibly other crystalline

mefeel SridobPy SlIERE 5t Ras oS o) BEDEISTeats BHR e dybe (yhich
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10.0, 11.1, 11.6, 15.0, 16.0, 17.4, 17.9, 19.2, 21.7;
especially an X-ray diffraction di agram correspondi ng

In dndtHehambetiment, the ifviegtionfrelaled téaa otybrr fornbPsliskiRdtthendifiMarate ba-

sed B oo DRrd b frefbt fusas Lty e bRt geast 30 %
yetprceé prefdvhbly attledst 48 %, 20ry%irefemablyg aplea$td0dbl highét prefesetly 8@east
80 9//9 ar?ﬁ sﬁ?%?er%l?%ﬁéﬁ? bU g?eb%ler gg'gﬁ rélsg)ecﬁ QZ rb%gl@é?%@ﬁ@@rﬁ’orphous

ma}ﬁggltang rp@{;%l?lég]h?r gystplﬁqfsfprr%of% ciystalwsivgh form termed Type Il which
hasf 168 RAGWInY RLFS(éy dliﬂﬁ&tﬁdﬂ%ﬂ@fﬂ'(ﬁﬂdér ﬂl@%ﬁ@ﬁt&iﬁ gih e lh@'de@é}@tlon for

Fia B B Pnerrypaedpes sl 89 et sekal BSeidy 7 1o

andi1 6.6, maré peferplaly 4 &1 6. 7(9m,d‘er6 t1hd, t©6,diot7; esyseciilly em Xiray tiffeaction
dlagrgﬁlccfohggdog%g gcg thgf @ven&% Fgé\{f.n as_peaks at degrees

ees: aks (2Theta): Peaks
(2Theta): 4.6, 59 7.1, 9.2, 112 148 164 169
In a%gtqngll g@éddgnngégl ggn%grgtlogkge%tgs a irgstgl’ fo%ofgallsli@nglemifgmgrate ba-
sedlh. (8,co@PriSng Rleabt 1%, ;Befe%blyibt leaspECYamnbae ;aafebéblyaa; least 30 %,

yet g{oré Brgfétrz%bwqatqé%ﬂaﬁm ?Tgrg 8?3&899 La{llgaét %(r)] '6/2 %ﬁqhg) rPr [abpl at least

80 %@na negsy Bretaratioatieast 9@ 4 Gk weisht. FRsppetivai: Aesidesamainly acrwrphous
mal@nal%ﬁﬂ'@ﬁﬁsﬁ’dlﬁ@lhé‘tt cr}s@aﬂﬁﬂe 18994 ofpé &fyﬁélasmv)éte&\%mln ARk i}cbe% which

| eas r ef er abl
nas B B HE0 S5yl csonpanan s cofiags obie e Rgscripton for
Figptrighizembs peakt at eeptesBI hetaanid). Brdedreqy: Cbaksabl Thead): 3. 2,358, 8.0,

14, @%é’ (P, %Hz cggyéfé’rgtgﬁvbgﬁségefz%@'6}’101 12.4, 14.6,

anor p hous er ‘crystdllrne fornmns
15.bf1p. 5a12:?y‘s7t7a|18§oﬂ9/at‘e9 §.@0rh 221 nadd!; Byprsidlly @hXaay diffragtion

diaibﬁceﬁgﬁoha.ﬁ@&t%tv nliMFigher. description for Fig. 9)
as the followng X-Ray diffraction pattern given as

peaks at degrees 2Theta +/- 0.3 degrees: Peaks
“An(X2rBlp @higrn cbrréspoBdify” eddedmlly relates to one showing the same peaks,

especially an about identical x-ray diagram under identical conditions as described for the

respective example, e.g. in the figure descriptions and examples.

For the conditions for obtaining X-ray data (also in the Figures), in addition to the data given
in the Figures see the “Table of methods and conditions used (if not mentioned otherwise)”

before Example 1.



15.5; especially an X-ray diffraction di agram

corresponding to that given in Fig. 9. In another
wensdérsent, the invention relates to a crystabCT/BPIO0DH09573

al i skiren hem funmarate ba sed on (= conprising at

| east 10% preferably at |least 20 % nore preferably

at least 30 % yet nore preferghly at |east 40 % very

preferably at least 50 % highly preferably at |east -
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culeahd defimenthe drystalispvisnetry ond spalcagesp fa tise giversdrgdtalfsgstamof

al i skiren hem funmarate ba sed on (= conprising at
It sheigd pe hemgn pingttieat glighy variatiprsig obsaaver 2 Tigtacangles fos d-sbaging values
areddxpb &8 basdd oMothey §ecifiB dRfrdidctéradipYoyall, the asdly<t Gindothe/@inple

%gregerabﬁ. atwbeast.SO % h|?hlétﬁreﬁe[ably ag I$ast

PreggradeiRg 'ﬁ?}é‘“‘t FeYatiatigy i expected{er the gelgliverpeaiiiigpsities-

respectively), besides nmainly anorphous material and
Idegificatian of tha fr@et Fysialferm of gecomppid pyldpedased piimasty euekserved
2The¥ Bhdiey Witholirperdhcshittabutdd® rbiasvel glak fieiidieX- Ray

diffraction pattern (under the conditions given in the
Sinde someé piargimoffegror IS gpssible )in theaesigrasen ebXEhetd ardiagrapd si-spacings,
Inep e etpol P RANRE ral BREr ffraliirHatter n ofteo iy o
pargicular cgystalling form ig tqovegaysthe ray powdger gliffracliog patiesn of the gnigiown
forrh Bvér, thd X-rdy pdvitdeB diffdtidn patrrbof adown fotr. Any 2fheld angles given may
e AT o RS BE R, 508 SRS v
anglovalesgeerdiengh. especially rel ates to one show ng the

sanme peaks, especially an about identical x-ray

diagran1under i dentical conditions as described for
Any pidNe enyplaldpimpamentiangd @ove agd belpw isadveniggrass, especially Modifica-
tiorC%Sﬁd_ mpét d@?{éciﬁl@dﬂcﬁﬂfﬁﬁﬁﬂnleﬁ, .bowiterB@ég @ \&HytdnftdBlintedt of the invent-
.obtal.nn =ra at a .50 1n the ur.e In
o PR 8 DRV EmbBUR T becaieehl e Bbine gy atow for
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resgﬁ?rﬁ R B AERREWN SR actiHE LPIE dRAIBENde dUd8o X kAN p?réial crys-

difTraction pattern nmeasurenent” I nstrunents neasu
talliggtion yyhighrasuita ip RO ﬁnaéwg}e(i?l, better handling of the bulk material (e.g.

easier pouring of the dry material, easier dosing, more stability, easier drying and the like),

are very preferred.

Modification B is highly preferred as it can be obtained in highly pure form (with only low
amounts of amorphous material, e.g. 10 % or less, more preferably 5 % or less present,
where the % are weight percent and related to the total aliskirene hemifumarate present in

the crystal form preparation).



(counts per second, cps) with respect to the angle of
the x-ray source. Only crystalline samples diffract
waeoomsebie2ref i ned angl es, thus sharp peaks are POUBFEP20T009573

depending on the nature of the crystal form Each form
will give a unique diffraction pattern. The intensity
of the peaks depend on particlg_size and shape, thus
it is a property of the batch not of the crystal |ine
forn1 The diffraction peaks (pattern) defi nes the
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Modi fication Bis highly preferred as it can be
Thedpeationealsq ielategialapreeasa for drermanufagiure af g cryejal form as described

herein, as well as crystal forms obtainable (preferably obtained) by such a process.

Modifications A and B may be produced from solutions of aliskiren hemifumarate in ethanol
with acetonitrile as antisolvent. A higher relative content of acetonitrile in comparison to the
content of ethanol is in favour of yielding Modification A, a lower relative content is in favour
of yielding modification B. In addition, the crystallization temperature is important: A higher
temperature used during crystallization is in favour of yielding Modification A.

For example, Modification A can be obtained from a solution with a ratio by weight (w/w) of
acetonitrile : ethanol in the range from 80 : 20 to 99 :1, more preferably 85: 1510 90 : 10
(e.g. 87 : 13), at appropriate temperatures in the range from 15 to 40 °C, e.g. (preferably



amounts of anorphous material, e.g. 10 %or |less, nore

preferably 5 %or |ess present, where the % are wei ght
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SolekmpFoteds ¢am, Ex axqphme, Dechtairedtasdegaibed sbovelierMatifeation B,
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also relates to a process for the manufacture of a

sm@erry sod & éynmeao%téi.eewrdnb&d.sbﬁasédau schftioWet énsﬁ@rﬁ@fﬁﬁ,marate by
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pre?jpl@g%% gsing heptane as ntisolvent.

Solvent Form Sp' can be obtained from an ethanol solution of aliskiren hemifumarate by

precipitation using heptane as antisolvent.

Solvent Form Type | can be obtained by crystallization from amorphous material by keeping

it under an ethylacetate and/or methylacetate atmosphere.

Solvent Form Type Il can be obtained from Modification A and/or from amorphous aliskiren

hemifumarate by keeping it under a tert-butyl methy! ether atmosphere.

Solvent Form Type Il (corresponding to solvent Form Sp) can be obtained from Modification
A by keeping it under a dioxane, tetrahydrofurane and/or ethyl acetate atmosphere.



Modi fications A and B may be produced from sol utions

of aliskiren hemfumarate in ethanol wth acetonitrile
wa@sooansiesnl vent. A higher relative content of PCT/EP2007/009573
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herrg% arat obgervgkm xanggl%ﬁepéa €n._ for exanpl e,

ven form
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37 0Cto 35 0C and (espe cially after a clouding
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er vacu
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embodiments of the invention.

The amorphous state generally is a disordered solid state, which may e.g. appear during
manufacture of the drug substance (crystallization step, drying, milling) or the drug product

(granulation, compression).

“A form obtainable therefrom during the manufacturing process of a corresponding pharma-
ceutical preparation” (“obtainable” wherever mentioned especially meaning “obtained”)

preferably means that where, during the manufacturing process, the crystal form may be



Sol vent Form SB can, for exanple, be obtained as
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ingredient.

Pharmaceutical preparations of this kind may be used for example for the prophylaxis and
treatment of diseases or conditions which may be treated or modulated, especially inhibited,
by blocking the AT, receptor, for example

a disease or condition selected from the group consisting of

(a) hypertension, whether of the malignant, essential, reno-vascular, diabetic nephropathy,
diabetic cardiac myopathy, isolated systolic, or other secondary type; congestive heart
failure, renal insufficiency or failure, especially chronic renal failure, restenosis after
percutaneous transluminal angioplasty, and restenosis after coronary artery bypass surgery;
(b) atherosclerosis, nephropathy, renal failure, e.g. chronic renal failure, hypothyroidism,
myocardial infarction, especially survival post myocardial infarction (MI), coronary heart
diseases, e.g. angina (whether unstable or stable), hypertension in the elderly, familial
dyslipidemic hypertension, increase of formation of collagen, fibrosis, and remodeling



nents, action, actions, feature or features nentioned
or enunerated thereafter may be ful filled not only
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obtd gl therefrond durihf €he manufacturing process of a corresponding pharmaceutical

preparation according to the invention) in the manufacture of a pharmaceutical preparation
that can be (preferably is) used in the prophylaxis and/or treatment of any one or more of the
diseases mentioned above, to a method of treatment of a warm-blooded animal in need of
such treatment, especially a human in need of such treatment, comprising administering a
crystal form according to the invention or a pharmaceutical preparation comprising a crystal
form or, or preferably and, a form obtainable (especially obtained) therefrom during the
manufacturing process of a corresponding pharmaceutical preparation according to the
invention) in an amount effective for the prophylaxis and/or treatment of said disease, as well



form of pharmaceutical preparations, which conprise
the active ingredient especially in a therapeutically
webdososicee anount of the active substance, optPoONEP1097/009573

together with a pharma ceutically acceptable carrier,

for exanple with an inorganic or organic, solid or
optionally also |iquid pharmageutically acceptable
carrier, which is suitable for enteral, e.g. oral, or
paren teral adm nistration. The invention relates in
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mal test model to prove the hereinbefore and hereinafter indicated therapeutic indications

and beneficial effects, and/or to conduct the corresponding clinical trials.

The present pharmaceutical preparations which, if so desired, may apart from a crystal form
according to the invention and/or a form of aliskirene hemifumarate obtained during the ma-
nufacture of the corresponding pharmaceutical preparation from such a crystal form, in the
case of combination products, comprise further pharmacologically active substances, are
prepared in a manner known per se, for example by means of conventiohal mixing, granu-
lating, coating, dissolving or lyophilising processes, and comprise preferably from about 0.1%
to 100%, especially from about 1% to about 50%, in case of lyophilisates up to 100% of the



(g) Metabolic Syndrone (also called Syndrone X;

present if at least three of the followng criteria
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diseases listed hereinbefore or hereinafter.

The invention similarly relates to combinations, e.g. pharmaceuiica! combinations, containing
a crystal form of the present invention, and/or, preferably and, a form obtainable (especially
obtained) therefrom during the manufacturing process of a corresponding pharmaceutical
preparation, in combination with one or more further active ingredients, or pharmaceutically
acceptable salts thereof, especially for the treatment of cardiovascular diseases and related
conditions and diseases as listed hereinbefore or hereinafter. Combinations with other

compositions for the treatment of cardiovascular diseases and related conditions and
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phar maceuti cal preparation according to the invention)
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preparation, conprising a crystal formaccording to
the invention or use of a crystal form (or, or
preferably and, a form obtai nabl e therefromduring the
nanufacturing process of a correspondi ng
u arati.o and at | east one
oisBRS RRISH hERmpBlof Sfteiiiter. BB eRth Sfig anoacesfiaty pgeeptable
saltibarget adrlkewise objeetstof thatpnament infentiorgh bl ood pressure
and congestive heart failure, as well as
post - myocardi al infarction. The efficiency of the
Th% fqrakingtiop graydpedpadg fpseiample withdbe Wilewjng eorprsitionsiertecied from

thg@mmﬁh@ng ukg iden tified e.g. by the test systens
inthis regard

|d|§="u§% n 678 503 A 1 which,
0 STREBSeduliasn IDyPUPLr e BEaaaRBIEll FeeePebl it RS,
(i) t haawgllduenSIrtcrchvei'emgaéﬁnymat(AOE) lafibitee Bt 8 pharfiabédtiealy acceptable salt
theﬂa%pwty is possible using different assay systens,
human pl asma, purified human renin together with

. d.
(iii) syt?ﬂqm channe! ieakar GICH) ena nharmiaseutiadly  accepdaide salttbérgof,
(iv) O@d&%‘r@r’né’-’iﬁtﬁa@@ In h?bﬂ@rt&@ dh%m@a%efxtﬂ:lahyoé(&ept‘gﬂe %éﬁ ffdor, Of

n renin fromkidney (isaqlated or
<") 'W%ﬁﬁ'lf%m(%msa ﬂ'?ajneceUMEI”Y ?Gce@ﬂblfbﬁaﬁﬂft&fﬂﬁ ts)/n)
(vi)i sduahangiatieth donwertingedythe/ratrad éndpepithsp LATE/RIEPNinhibitor or a

pha}mggéuﬂ%allg%g(?e%% %Sﬁw-th?rﬁml) am no- et hansul fonic acid
(viip Lefndethekypgniagonist o @ phaz@acayticdlly sgeeptabte) salt theméo,

loteds®l fe
(vmitﬁ?r%p Ao Ivagé‘p_lt_gr?)_@&ﬂg@&)l\gﬁbor a p&ﬁremal_c“egtlclfguacf_ceﬂta\}elsa thereof,

andger - OH, The anpunt of Angiotensin | formed is
(ix) dedi@etd srexbHaymacediicillyratbeptaBRSay thefdoyst al formwi th
aliskiren as the active principle activity are added
each in different concentrations. The concentration of
HMEBHeo-Asgpustase inbibitorsdelan daliat! pvllydioky-B-neetiytgiutatyl-anerefyme-A reduc-
: . . o 0. i
o3 Db 0 1l 41 SR8 e e o

levely includipg chalesigroldn blppé person skilled in the pertinent
art is fully enabled to select a relevant and standard
rove t he herei nbefaore and

oo g oL MG TR LA B s GeAaP s o darng struc-

turabfeptfasc iFal exsnipde, lmaantlanuhbp be trade ofittelcémpdudds that are selected from

the 8:%[15 @5&%9%} B%t@vb&btﬁpke%g@llf‘ corIEaecnR ro%%g%tm dlhé/grocom(/)actln

p ar maceut arati ons
fluingpgiatn, ﬂvvﬂﬂaandia\g@taan Hitgyantatio cwe viistagn.trsavaltatin,rrivestatin sim-

vasRifl/2a8 valotafinTofin 8ddnsdabé, @NshahedtelittaRy Alc8pabik ahi ffdreof.
durlng the ma

Preferred HMG-Co-A reductase inhibitors are those agents which have been marketed, most

preferred is fluvastatin and pitavastatin or, in each case, a pharmaceutically acceptable salt

thereof.

The interruption of the enzymatic degradation of angiotensin | to angiotensin !l with so-called
ACE-inhibitors (also called angiotensin converting enzyme inhibitors) is a successful variant
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Aldosterone synthase inhibitor is an enzyme that converts corticosterone to aldosterone to by
hydroxylating cortocosterone to form 18-OH-corticosterone and 18-OH-corticosterone to
aldosterone. The class of aldosterone synthase inhibitors is known to be applied for the
treatment of hypertension and primary aldosteronism comprises both steroidal and non-ste-
roidal aldosterone synthase inhibitors, the later being most preferred.
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hydseritande etfefiearle (U ealepis 461 B304 and 488R868bf , (i v)
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t abl . t . th f, (v) aldosterone antagoni st or
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1 hat maé be used to lower the lipid | evels including
Sm@ﬁl@a@gp SN lli rﬁce&t%aaa_ckers which may be employed in the combination of the

present invention include AT,-receptor antagonists having differing structural features, pre-
ferred are those with the non-peptidic structures. For example, mention may be made of the
compounds that are selected from the group consisting of valsartan (EP 443983), losartan
(EP 253310), candesartan (EP 459136), eprosartan (EP 403159), irbesartan (EP 454511),
olmesartan (EP 503785), tasosartan (EP 539086), telmisartan (EP 522314), the compound
with the designation E-4177 of the formula

OH



The class of HMG Co- A reductase inhibitors conprises

conpounds having differing struc tural features. For
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The structure of the active agents identified by generic or tradenames may be taken from the
actual edition of the standard compendium “The Merck Index” or from databases, e.g. Pa-
tents International (e.g. IMS World Publications). The corresponding content thereof is here-
by incorporated by reference. Any person skilled in the art is fully enabled to identify the acti-
ve agents and, based on these references, likewise enabled to manufacture and test the

pharmaceutical indications and properties in standard test models, both in vitro and in vivo.
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phaPmaceutrca preparatio
species, age and/or individual condition. For example, the doses to be administered to
warm-blooded animals, including man, of approximately 75 kg body weight, especially the
doses effective for the inhibition of renin activity, e.g., in lowering blood pressure, are from
about 3 mg to about 3 g, preferably from about 10 mg to about 1 g, e.g., from 20 to

600 mg/person/day, bases on the free base of aliskiren, respectively, divided preferably into
1 to 4 single doses which may, e.g., be of the same size. Usually, children receive about half
of the adult dose. The dose necessary for each individual can be monitored, e.g., by mea-

suring the serum concentration of the active ingredient, and adjusted to an optimum level.
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In afsolidwratdadagelfdrrh iaotording to the present invention wherein the active agent con-

sists entirely of a crystal form according to the invention and/or, preferably and, a form ob-
tainable (especially obtained) therefrom during the manufacturing process of a correspond-
ding pharmaceutical preparation, it is preferred if this active ingredient is present in an
amount ranging from about 75 mg to about 600 (preferably to about 300) mg of the free base

per unit dosage form.

In a further preferred embodiment of the present invention, the dosage is present in an
amount of about 83, about 166, about 332 or about 663 mg per unit dosage form, based on

the aliskiren hemifumarate salt.
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In a preferred embodiment the solid oral dosage form according to the present invention

comprises as an additive, in addition to a filler and a disintegrant, a lubricant.

In a preferred embodiment the solid oral dosage form according to the present invention
comprises as an additive, in addition to a filler, a disintegrant and a lubricant, a glidant.

In a preferred embodiment the solid oral dosage form according to the present invention
comprises as an additive, in addition to a filler, a disintegrant, a lubricant and a glidant, a

binder.



base of aliskiren. The present invention also relates
to a pharmaceutical preparation conprising a crysta

WO oooseisenr di ng to the invention, and/or, prefBCEBP2007/009573
and, a form obtainable (especially obtained) therefrom
during the manufacturing process of a correspondi ng
phar maceuti cal preparation, apd_one or nore
pharmaceutical |y acceptable carrier materials,
especially useful in a process suitable for
| ar ge-scal e manufacture of solid oral dosage forns.
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preferred filler is microcrystalline cellulose.

As lubricants one can mention in particular Mg stearate, aluminum (Al) or Ca stearate, PEG
4000 to 8000 and talc, hydrogenated castor oil, stearic acid and salts thereof, glycerol esters,
Na-stearylfumarate, hydrogenated cotton seed oil and others. A most preferred lubricant is

Mg stearate.

Additives to be used as filmcoating materials comprise polymers such as HPMC, PEG, PVP,
polyvinylpyrrolidone-vinyl acetate copolymer (PVP-VA), polyvinyl alcohol (PVA), and sugar
as film formers. A most preferred coating material is HPMC, especially HPMC 3 cps (pre-
ferred amount 5-6 mg/cm?), and mixtures thereof with further additives, e.g., those available
under the registered trade mark OPADRY. Further additives comprise pigments, dies, Iakes,



In a further preferred enbodi nent of the present

i nvention, the dosage is present in an anount of about
w@3osabeer 166, about 332 or about 663 ng per BEI/EP2007/009573
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responding pharmaceutical preparatlon as an active ingredient, and a filler, a disintegrant

and a lubricant as additives. Further additives include, but are not limited to, binders, gli-
dants, stabilising agents, diluents, surfactants, film formers, pigments, softeners and anti-
tacking agents and the like. The amounts of the active ingredient and further additives are

preferably those as defined herein above.

The present invention likewise relates to a solid oral dosage form comprising a therapeuti-
cally effective amount of a crystal form according to the invention, and/or, preferably and, a
form obtainable (especially obtained) therefrom during the manufacturing process of a cor-
responding pharmaceutical preparation, as an active ingredient, and a filler, a disintegrant, a
lubricant and a glidant as additives. Further additives include, but are not limited to, binders,

stabilising agents, diluents, surfactants, film formers, pigments, softeners and antitacking



conprises as an additive, in addition to a filler and
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wo besseleerl oral dosage form according to the prEFEP1007/009573

i nvention conprises as an additive, in addition to a
filler, a disintegrant and a lubricant, a glidant. In

a preferred enbodi nent the soljd oral dosage form
according to the present invefition conprises as an
additive, in addition to a filler, a disintegrant, a

| ubricant and a glidant, a binder.As fillers one can
agsnfs 39d e kgt Jweﬁmwn@r?f theachyriagredieqt and fether addiives are preferably

thosdeadefistAn&Bin abovd) st arch, hydroxypropyl cell ul ose,
hydr oxyet hyl ceIIquse hydroxypropyl met hyl cel | ul ose

The( A#EM}] m@&ﬁron m&&t ge( %ﬁ tory s%gé) Srrariés%bé o c%%l dé”\g? 3 gra/stal form

ucts aval St er
accmﬂmsio m lm@mtlormandfmmrefmwmw afpr@pmm&esmgally obtained)

theRirBAYuANd ﬁ’u@ M@hf&f@ﬂ&lpﬁ;cb%f a%ﬁe%ﬁ)ﬂduh& pﬁ@r’fﬁa‘cgwcﬁlgpreparatlon
nenti on yVvi n rrolidones
as er Qg dlen{, Iag%aé‘?/ rya SFW@ adpbrg:aetpg gh% and a binder as addi-

tivep.oFMﬁehyH@n&sg*diml But(aRE@t lim@edto, Zt?ﬁ@lr@%ntsﬁdlmﬁts surface-
ref As Si rants e_can
andls TRl Piapehle, bl g ARy ARl RGRENE . TR afpims o
the e@WE:ere)QIeru anbbmyrne@ddytlveeBwemrefsebbralwhsems(dé:ﬁ@dmyein above.
crosslinked PVP (e.g. CROSPOVI DONE, POLYPLASDONE or

Ond<ElhdBONhXE adeﬁtlwgs ea.e b@§élé’7tec§é’rdi wgl\jl a3l g ?Jog (s)%\%/nlﬂé’d YR art ha-
rerer crossiin
ini8 G T s Eer frrebpregtips oL 8’5&&5%’%?059& T b dtine ex

perifrehfalidOae wighvat &DYRIMAUABYrded m)st preferred
di sintegrant is CROSPOVI DONE. As glidants one can

TheBunPoY éa@h %Eto\‘ Qd’dltﬂre IAy@B d@é @idlahtcgindecru&g'inéérant, filler or

col | oi da ['icon dioxi , Si um
d"“?’f&@)’d i“[bf"é?']‘ Pb%if"é’oab@f’i\kﬂé% &"tE'é IF ?W%g@“’eg'f%ﬂab'ﬁ gi’hﬁt t-cThaxsdfor
exatnpiebtgiagnoiad of Gibiicam MeSPARL GIthaT a EPGE bNdrh 01230 6% Byhesght, in
ool o el DS 20rEo e o iy ety e

lent Qfahﬂ'tder may yaly wittinl a range gfdrorrdo mtxd»et 2086 gy WAEHOSIQL. from 3 to
4% BQ%thAﬁmefdndeﬁf §r d%nt%rhh&erﬁ%y%a%ﬂ@nrﬁ:@é‘ rdgB ok g@m 0,19 aibout 20% by

Ctl oner A % n‘gg e sugar, extra
We'%)& 9 fFpm d%v@tt? aéé yw&%é arﬁa% Pt filer ondilens maysen wihina
rangeadf lfronas®, aboot §09% by wunlgatr e.gh demY ta 32BN ieighefwHtigdstthe amount
of gfpdaﬁgr%?gyary Wltﬁlp%srgn g' 0 R) aRoﬁlLﬁ}j bg ?vlgigﬁi, gz”gf’?’ﬁ(’r etP 0. 65% by
weighit,cand dhreyanennt phfdmcpgal rua)omy within a range of 0 to 20 mg/cm?, e.g. 4t0 7
mg/cm?.

It is a characteristic of the preferred solid oral dosage forms that they contain only a relatively
small amount of additives given the high content of the active agent. This enables the pro-
duction of physically small unit dosage forms. The total amount of additives in a given un-
coated unit dosage may be about 60% or less by weight based on the total weight of the so-
lid oral dosage form, more particularly about 54% or less. Preferably, the additive content is
in the range of about 35 to 55% by weight, more particularly, the additive content ranges
from about 50 to about 52% by weight.
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and salts thereof, glycerol esters,
Na- st earyl fumarate, hydrogenated cotton seed oil and
others. A nost preferred |ubrigant is My stearate.
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an acid in solid form, typically citric acid, which acts in water on a base containing chemically
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releases carbon dioxide.
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properties of the so oral dosa
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of each type of additive enployed, e.g., glidant,
Thelzmmlet of tide disintegganawithin fatd! Weightsf the uncoated unit dosage form is pre-

ferably from 0 to 20%, most preferably from 13.5 to 16% by weight per unit dosage form.

The amount of the glidant within the total weight of the uncoated unit dosage form is pre-
ferably from 0 to 5%, most preferably from 0.4 to 0.6% by weight per unit dosage form.

The amount of the lubricant within the total weight of the uncoated unit dosage form is pre-
ferably from 0.2 to 5%, most preferably from 0.8 to 1.5% for Mg stearate by weight per unit

dosage form.



di luent and lubricant or filmcoat may vary within
ranges conventional in the art. Thus, for exanple, the
wa@ewanei6ef | ubricant may vary within a range oOPCT/EP2007/009573
0.2 to 5% by weight, in particular, for My stearate
from0.5 to 2.0% by weight, e.g., from0.8 to 1.5% by
wei ght; the anount of binder y vary within a range
of fromO to about 20% by wei ght, e.g., from3 to 4%
by wei ght; the anount of disintegrant nay vary wi t hin
a range of fromO to about 20% b g., from
A piefersed gmaund piR Mg h espaciqlly efftiv 3&95 f'$ ffP’@ rab@rt 4dp [abeyt
mglERY peldinit dbksadd fernd. range of from O to about 80% by
wei ght, e.g., from20 to 32% by wei ght; mhereas t he
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moggeeferablyHios aabl 85! tb laboy 130:  Udbst prefetiblphis weight ngtio is about
jq§mall unit dosage forms. The total ampunt of additives

|n a given uncoated unit dosage may be about 60% or

| ess by melght based on the total weight of the so lid
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moferpeéferadlylfiom ddvat 8aldid aboat MmNt MB$t preferablyf the weRoRtiefs about
83§QOUt 35 to 55% by weight, nore particularly, the

addltlve content ranges from about 50 to about 52% by

ght. A preferred amount of a filler, especially of

Thwce'ﬁc@tysqf aligkirpretoctbe !q@rlmprefeaa@e@ngmmrabw 25 te gbout 63:1,
mord4efBhabMeio iboRE30: Y R dbotl PSR EMbA pReferAbIPI tRE RelghthaBdRUWBbut

f a binder, especially of PVP K 30, ranges Pronrabout
30:% o 4% by merght per unit dosage form A preferred

anmount of a disintegrant, especially of CROSPOVI DONE
Thersatid)eral dosage fvvacdoRdifg todhd psdnt inventiphtmayeaisalrd in the form of
frlm%§t@g ?al:fle% 8 dr@gé?—:rseni @H’Eﬁ gas%rméjmlrd%f'al QoSgedaH is prov]rded with a

ecially of ['lo 't con dioxide, ranges from
coalipbiypice)y 2 RobyesT B BE}'\%P&BP' Perike, ﬁvsard%rseél@wqun%f Iy coating
entipyedoanértidnalnthetarto fAttantionls Hraanto the sneeiaak kiiovad mMihods of coa-

ting etmep"f}) g{i) Ef athge g? gees é&%’y”l:o% P\éj Fn aoﬂu‘ci;drzte% bedso/0 be }‘\%Ikggvtvn R‘l%{hods
usrng apparatus avarlable from Aeromatic, Glatt, Wurster or Hittlin, in a perforated pan coa-
ter, e.g., by the known methods using apparatus from Accela Cota, Glatt, Driam or others, or
other methods conventional in the art. The additives commonly used in confectioning may

be employed in such methods.

A further embodiment of the present invention is a process for the manufacture of a pharma-
ceutical preparation (especially in a solid oral dosage form) according to the present invent-
tion, wherein a crystal form according to the invention (especially based on Modification A) is
admixed with one ore more pharmaceutically acceptable carrier materials. The methods may
comprise any of the manufacturing methods known in the art for pharmaceutical prepara-
tions, e.g. including wet granulation, slugging, spray drying spheronization or crystallization,

coating or other steps.



A preferred anount of a filmcoat, especially of HPMC

3 cps, ranges fromabout 4 to 7 ng/cn per unit dosage
wo eooseiBeef erred anounts of aliskiren and addi PCWEBR208T/@9573

further shown in the illustrative Exanples. The

absol ute anmounts of each additive and the anounts

relative to other additives |§ simlarly dependent on

the desired properties of the SO|Id oral dosage form

and may al so be chosen by the skilled artisan by

routine ex perinmentation w thout undue burden. Faor
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esl
showing myh%wvag é@/@maggst echnol ogy for mul tiparticu
| ates (e. mnitablets), wax matrix systens,
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grah@@thmpl og| es convent| onal in the art. Quantitative
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g armaceutical ingredients, preferred additives are
ufficient stability to achieve a reasonable shelf life is achieved.

The excipients may be distributed partly in the inner (granular) phase and partly in the outer
phase, which is the case in the described invention. Microcrystalline cellulose (filler) and
CROSPOVIDONE (disintegrant) are partly in the inner and partly in the outer phase, PVP K
30 (binder) is only part of the inner phase, being the binder during granulation, whereas col-
loidal silicon dioxide (glidant) and Mg stearate (lubricant) are only part of the outer phase.

The inner phase excipients, e.g., filler, binder and disintegrant, and the drug substance are
mixed and granulated with an ethanolic solution of the binder and additional ethanol. The



m crocrystalline cellul ose, hydroxypropyl cell ul ose,

crosslinked PVP, PVP, PEG CMC-Na or CMC-Ca, My
wGetmaneleez Ca stearate or Al stearate, anhydr ORGSI/EP2007/009573

colloidal silica, talc, titaniumdioxide and iron

oxi de pignents. The anmounts of additive enpl oyed wi | |

depend upon how nuch active agg is to be used. The
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The granulation liquid can be ethanol, a mixture of ethanol and water, a mixture of ethanol,
water and isopropanol, or a solution of PVP in the before mentioned mixtures. A preferred
mixture of ethanol and water ranges from about 50/50 to about 99/1 (% w/w), most preferably
itis about 94/6 (% wiw). A preferred mixture of ethanol, water and isopropanol ranges from
about 45/45/5 to about 98/1/1 (% w/w/w), most preferably from about 88.5/5.5/6.0 to about
91.5/4.5/4.0 (% wiw/w). A preferred concentration of PVP in the above named mixtures
ranges from about 5 to about 30% by weight, preferably from about 15 to about 25%, more
preferably from about 16 to about 22%.

Attention is drawn to the numerous known methods of granulating, drying and mixing emplo-
yed in the art, e.g., spray granulation in a fluidized bed, wet granulation in a high-shear
mixer, melt granulation, drying in a fluidized-bed dryer, mixing in a free-fall or tumble blender,

compressing into tablets on a single-punch or rotary tablet press.



The weight ratio of aliskiren to the glidant
preferably ranges from about 75:1 to about 125:1, nore
w@e®Besmbi y from about 80:1 to about 90: 1. MOSPCT/EP2007/009573
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ganiifmasigtpréddlssy acceptable carrier materials. The
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amounts of moisture and that the drug substance within the tablets does not closely get into
contact with water droplets. This is achieved by process parameter settings that reduce the

amount of humidity which gets onto the tablet cores.

The solid oral dosage forms of the present invention are useful for lowering the blood pres-
sure, either systolic or diastolic or both, and/or in addition for the treatment of any one or

more of the other diseases/disorders mentioned herein.

The present invention likewise relates to a method of treating hypertension (whether of the
malignant, essential, reno-vascular, diabetic, isolated systolic, or other secondary type), and/
or any one or more of the other diseases/disorders mentioned herein.



the drug product (DP). Neverthel ess, also in these

cases the use of a crystal formaccording to the
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t he correspondi ng pharmaceutical formulation is

useful, as inter alia, the starting material then has

nor e purlty due to the crys tgklization, can be stored

| onger, can be dried better, can be filtered better

after precipitation, has a bett er nmor phol ogy for

dosi ng and handling, and so on. Anyway, wet

granul ation of a crystal formaccording to the

L Ment.
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Table 1: Table of methods and conditions used (if not mentioned otherwise)

TG-method

Instrument TGA851e Mettler Toledo STAR System
Nitrogen flow 50 mi/min

DSC-method

Instrument Perkin Elmer, Pyris

Nitrogen flow 20ml/min

XRPD-method

Instrument X1 or XDS2000; Scintag INC

Irradiation CuKa (45 kV, 40 mA)




m xed and granul ated with an ethanolic solution of the

bi nder and additional ethanol. Thegranulate is dried
wanaseswyed. The outer phase containing, e.d.,PCI/EP2007/009573

disintegrant, filler, glidant and lubricant, is

screened wth the dried granulate and m xed. The

m xture is conpressed into tag{;ets. The cores may

optionally be coated with a filmcoat. The granul ate

phase is defined as the inner phase, the excipients

DivERaepeEslicp) et t i ng m@ii'ﬁraé‘g 2B invention |ikew se

Megg}raggﬁceto a process)j,%,atnrdq)phﬁpar ation of solid oral
Ch ?ge forms as oes%r 2poee JIETer T apoveSuchsotTd

Ay dacana f Ay eerlunnrl byt swnrlei ney 1in ~nmn
Al yUodayc TuorT Ilu. LIRSAZAZAA A~ I - 4 ZWOT KT 1Ty opo— oot

Sca{yRedft s as- defined IReEsN Ahove in t he appropriate
Scamtwet s, to form uniGontimpagecdnor ns. Accordingly, the
- Scgragent invention pro®/imiag2mer RirRss for the

Scamar@gé@_‘:t ure of a SOI2bgi¢(§J’-hé¥Q§é’:ﬁ9‘S Tormor tThe present

Liives and

—aGGOLdmg_i_o_t_he_l_m/-e,m_l_on_and_add

Instiuraent| at i ng sai d cofI&FdrawdenpPiffraciomPeatehat i on | i qui d;
Iradiptich yi ng a resul ti myKgremk,aoemA)3) m xing the dried
De@E@nUT ate W th out €1 ineRAsSp EXCl pr ents;4) COnpressing

ala 4
S a1 65,'01 t Ilg nxt-ut ch. o—forma soti u or-al—dosage—=as—=a
¢ resul ti ng

ScandyRe t abl et t o gi ve S&ePSCRM coated tablet. Preferably,
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Example 1: Crystal Modification A (also called Form A)

40g of SPP100 base is dissolved in 51 g of ethanol ALI. A solution of fumaric acid in ethanol
ALl (2g/469) at 35°C, is dropped at room temperature to the base in 20 min. The solution is
heated and a part of ethanol is distilled until the ratio SPP/EtOH 1/0.9 is reached. Then 30 g
of acetonitrile is added at 50°C with 1.7 g of ethanol to adjust the ratio EtOH/CH3CN to 40/60.
Additional 98g of acetonitrile is added at T>37°C to reach the ratio CHsCN/EtOH 87/13.The
solution is seeded at 37°C with 0.5 ml of SPP100 modification A in suspension (obtained e.g.
from equilibration experiments as in Example 10 f) (iv)) and is cooled down from 37°C to
17°C in 200 min. The suspension is stirred 20 min and then heated up from 17°C to 37°C in
40 min. and stirred for 10 min. The suspension is cooled down from 37°C to 17°C for 200



preferably fromabout 16 to about 22% Attention is

drawn to the nunmerous known nethods of granul ating,
waleoosngieand m xi ng enplo yed in the art, e.g.,PGPEBR2007/009573

granulation in a fluidized bed, wet granulation in a

hi gh-shear mixer, nelt granulation, drying in a

fluidi zed- bed dryer m Xi ng ||37a free-fall or tunble

bl ender, conpressing into tablets on a single-punch or

rotary t abl et press. The manufacturing of the granul ate

i o8O JPaAs L Pk AER B GRSk B Ay R 9t Mg uncer

stirfingn e ispanbian & tdwadcdmvm &5 22w i D00 abh eing stierdd &brS20 ein. The

sus%aﬁsfug{ ﬂgfgsrtlfr?él’hec?ﬁ gﬁk??ggg%gﬁhgﬁﬁn%%%cf ggart gggt;mlth% sugptwee Sio 12 cooled
dOV@bﬁq Eftie 189 gin and @isated) Thesplidis washedivited Hortioa of the mother liquor
to dbkdih BryeRfiMddN&ition Atd? Biidk3en REifdperst@r ried out by a
free-fall mxer (e.g. container blender, tunble
Chirbetadkarion: and step (4) may be carried out usi ng a dry
com pression nethod, e.g., a rotary tablet press. As
Thed oris e drieabpredyct tdiiesotvated fomi ISatabtained inharetdmérile/ethanol mixtures
Exgmwe%gal ly filmcoated. Due to the high hygroscopicity
ter sensitivity of crystal fornms of the
a) b .ef'rsmu Sttt di®inddetbstPsli@gges i n pol ynor phi sm
e use of water has preferably to be avoided in order
'nﬂ‘ge Lravent tttwe drug substance from changes in
—pt'ﬁ—mrﬁ%%rﬁ#or the above stated reasons (anorphous
Tbi inferior chemcal stability). A solution for
A&t d probl emis to apply an or ganic fllmcoatlng
f goat|
o GREFR il A iRl GELABLRRYT 1 BRI o
applied to aliski ren core t aelgs(°@) t hout f uehthelpy (J/g)

M"(?Gﬁ’éizgts of HPMC as th&®pol y3ff, iron oxide #¥ gnents,

tifani u oxX1I de as colorin agent, PEG as Sof tener
Acogiskie ) the Heagy te, spbls dhegessenceryiein additonal.hprsnal gyent can be
obsaxyed s alnsut GPES coreespemdivgtol the glisa irassitidne Taé pesleAEE 6f @Borphous

partv\ﬁ lnlod@?a&o A geargto {bgeklé'g P? Qrﬂ)a%iqowagpé ffra% (E)(Rg’??%calculated to be

or use typica e caro
app&’ﬂ"@ﬁ*@b@%b and | akes. The filmcoating conditions
have to assure that the tablet cores do not take up
b) XFavhowdendiitraction{&RPD) of npi sture and that the drug

A battbsftadmfcatiért AisRoisn xmy @taaserﬁl was tHeabliowWintsdaks gfidet the O
con&%ﬁ %S\}enwl. Ih% dvé?ér}%'flon oqp g eﬁa? t ?Qbeg%)eg ph egeéj 6, tbyZ 9.9, 15.0,
172and179 e.g. mmoredetalIGO 73 8.6,9.2,9.9, 15.0,17.2,17.9, 19.2, 19.7, 20.1. For

example, a batch shows the X-Ray diffraction pattern given in Fig. 1.

=

c) X-ray powder diffraction study of modification A at various Relative Humidities (RH)

The aim is to evaluate the influence of the storage condition on the crystalline form of
-SPP100 hemifumarate For this purpose, two different experiments have been performed.
The first one consists to submit SPP100 hemifumarate modification A to a nitrogen flow and
to record at various time the corresponding XRPD pattern. During the second experiment the



amount of hum dity which gets onto the tablet cores.

The solid oral dosage forns of the present invention
waemsuewbul for | owering the blood pres sure, BOCT/AR2007/009573

systolic or diastolic or both, and/or in addition for

the treatnent of any one or nore of the other

di seases/ di sorders nentioned _hgrein. The present

invention |ikew se relates to a nmethod of treating

hypert ensi on (vvhet her of the malignant, essential,

sol. at ed stollc r ot h

'nﬂueélg%ng %P‘feyﬁp"g'jmdl'%nod’/ h8r Crﬁﬁ‘?'ll"b‘?wénogﬁ%m"'e of "Eﬂeﬁ’ePY XRPD
meglusaread sThei cooesimmdingeerulte hae teen summiarizédie ther felkeving tables.

application the ternms "(pharmaceutical) conposition®

(i) B8R 3 @J}gq_ dBsRr hiveden ndwr mul ati on" have the sane
nmeani ng he invention rel ates espeC|aIIy to the

Tinrbodi meod s gi vaes n t he a¢83ai ns, egpeci al | y3ho the 14.75
(hodgpendent cl ains. The clains are therefore

XRPBHCOr PQyigd R4 Nengddiaby T gigf £NCe. MERG TNVERGHAN TN pog A

dr[ICU retates_to the Llybld] U1 JAlTU

Ch‘ r]rgaer [a'anWal Olr ai r\a| ‘Fnr(\)p%'\ﬂ at 1 ngg ﬁl \lonnprll\ f hﬂ IIO%%I QC none

T LILLL %A YA 2 T —OT ITOT aaT O

especially to Mdification A and pharmaceuti cal
CorfimemtuNathangs of teprodification it obserggdvdming stotdye undentraen flow.
The invention is illustrated in particular by the
exanpl es and also relates to the new crystal forns
nanmed in the exanples and to their usage and to
nmet hods for the preparation thereof. The follow ng
exanples serve to illustrate the invention w thout
l[imting the invention in any way. "SPP 100" is
aliskiren, the hem fumarate thereof is also
occasionally referred to as drug substance (DS).
Et hanol ALl is technical grade ethanol. DSC =
(i1) Taofer & indlHencg of sialivainygidital ori metry TG = TGA =
Modit@tighogr avi metry (Anal ysis) XRPD = X- Ray Powder

't hods and conditions

Timgsed Qi f nétS5nend-Pbned-bt heP i se)24m me686d IHhEt r dfdnt 143.9

(h) TGA8B51e Mettler Tol edo STAR System Nitrogen flow 50
M /mn DSC nmet hod

RH (%) 0%* 10% 25% 35% 45%  45% 60% 70% 70% 70%

XRPD Mod Mod Mod Mod Mod Mod Mod Mod Mod Mod
A A A A A A A A A A

Comment: No significant variation is observed.

Example 2: Solvate Sa (also called Crystal Form E):

The solvated form of modification A before drying is obtained as described in Example 1 but
the suspension (CH3;CN/EtOH 87/13 w/w) is not filtrated.

X Ray powder diffraction (XRPD)

A batch of Solvate Sp shows an X-Ray diffraction pattern with the following peaks (under the
conditions given in the description to Fig. 4): Peaks (°2Theta): 4.5, 5.9, 7.1, 14.8, 16.8, 18.0,
19.1 and 20.7, e.g. in more detail 4.5, 5.9, 7.1, 8.6, 9.1, 11.0, 11.2, 13.2, 14.2, 14.8, 15.2,




Instrument Perkin Elnmer, Pyris Nitrogen flow 20m /mn
XRPD- net hod I nstrunment X 1 or XDS2000; Scintag | NC
wo peoatieme: on CukKa (45 kV, 40 mA) Di ver gence sl i BET/BP29NT/009573

and 2 mm Measuring slice 0.3 nmand 0.2 nm Chopper

0. 02 degree Scan node Refl ection Scan type Conti nuous
scan Scan rate 0.5 /mn (2Thegg_val ue) Scan range 2 -

40 (2Theta val ue) Instrument STCE Powder Diffraction
System Irradi ati on CuKa (50 kV, 30 mA) Detector Linear

160 3mge 8. BB bt 202 oy P rethEa ® Reh Siom FRKrPR oiver

in FBr dker | FS-55 Detector TGS Mode Transni ssion Scan
range 4000 cm1 - 400 cm 1 Techni que Nujol between two
KBr plates and KBr di sc RAMAN I nstrunment Bruker |FS-1

Exa?r%]sé :g\:ACCr\r/s(%z(a:lal\ho%rif:craT{iacEnrg (also called Form B)

This crystal form is obtained from 150g of SPP100 hemifumarate dissolved in 281g of
Ethanol ALI at 55°C. To this solution, 11259 of CH3CN is dropped, and the solution is left at
30 minutes at 37°C. The solution is cooled down at 35°C, after 1 hour, the solution becomes
slightly cloudy. The solution (ratio CH;CN/ethano! = 80/20 w/w) is cooled down to 20°C in
200 min, and the suspension is left at room temperature. After crystallization of the
substance, the suspension is filtrated and the solid dried for 2 days under 10 mbar at 40°C,

and Crystal Modification B of aliskiren hemifumarate is obtained.

Characterisation: .
The form Modification B is a dried product of solvated form Sg obtained in acetonitrile/ethanol

mixtures (Example 2).

a) DSC Studies:

Table 5: Modification B Instrument: Mettler Toledo DSC822e (Nr. 17-1), heating rate: 10K/min

Melting (°C) Enthalpy (J/g)

Mean value: X =6 100.7 56

DSC experiments do not show presence of amorphous part in modification B.

b)_X Ray powder diffraction (XRPD)

A batch of Modification B shows an X-Ray diffraction pattern with the following peaks (under
the conditions given in the description to Fig. 2): Peaks (°2Theta): 3.8, 6.5, 7.7, 8.0, 15.6 and
17.4, e.g. in more detail 3.8, 6.5, 7.7, 8.0, 13.8, 14.5, 15.6, 17.4; e.g. a batch shows the
'XRPD given in Fig. 2.

Example 4: Solvate Form Sg:

The solvated form of modification B before drying is obtained as described in Example 3 but
the suspension (CH;CN/EtOH 80/20 W//W) is not filtrated.



Instrunment Thermal Activity Monitor, Thernonetries,
Jarval |l a, Sweden M croscopy Instrunment Jeol JSM 6300
waxaspbe2d: Crystal Modification A (al so cal |l eBCHFRPIO0AN09573
40g of SPP100 base is dissolved in 5 1 g of ethanol
ALI. A solution of fumaric acid in ethanol ALI
(29/46g) at 35C, is dropped aygroomtenperature to the
base in 20 mn. The solution is heated and a part of
ethanol is distilled until the ratio SPP/EtOH 1/0.9 is
X each er i aen )Q g f acetonitrile is added at 500C
to adjust the ratio EtOH/ CH 3CN
A btatch ¢O$6®ate,&d§h¢wsmax mgiuftnéctlan éinderi the coralitions gitele th the descrip-

tlon ?’ﬁg %Qvnhgﬁé?@ %Mﬂﬁ bgé%op%ﬂaé%ﬁ%g;fgoé 138 0y §°|'5L43t H§§ 17.3

modificati
anq 1B %l?sqaeh@P@rﬂeG%'b} &i%bE-%8d, 7RrBHh @dhﬂ[‘ﬂb?%?d &b 16 9,173,

18.8XIREN, 19BNihGs aSbdtéh SREMIRhKRFD feprebéted indtigl 50 s cool ed
down from 37C to 17C in 200 mi n. The suspension is
stirred 20 mn and then heated up from17C to 37C in

Exahiplerb 1S ohaatel F srtrisr S chdfSpr Sﬂ:&en:"rvetalsThe suspension is

Ch%galaﬁs%tlgrggﬂrutz{ufﬂg ?E%ga#eofows f %,%"b%r%ér&b& ngl{mélg rc&yatal X-

ray giffreptier; T@ﬁ@é\glesqrvsmls AP areen w@@mr@m&a@tlwne d hel éagaropanol
and tRe 8BEnbIRo AR dF‘SpPWhéﬁlfJnfa%ie EQ{ b@QrOWh s sm@ needles from iso-

suspensjon is distilled off and 115
p"’%’lﬂ’gﬂ" gihane) elution,gsrediyrin oy Bﬁclpga'@&d? %‘d‘eal?\ﬂﬁ aa'fsc’élénﬁ fis there
the H81@ quility &srtebttbr, lohlyatieeethanbin soleé fotin iobtain@e veth ethdrfol/Beptane (so
call%ggP fc%ne plfogﬁjﬂgtg?ct) F]GIS %n{r%eh%%#e ?ﬁ(a?%rlreg?g? g{sgusstsgé in detail. But from
the dhtarthe eanclusianicam be Brawnfthatihe isoptorhnickspivate(da callegfSc) is isostruc-
turab @) tHé‘E@ngm‘;l%B%thme ﬁ’édﬂﬁ@ i$ BsRACRIBRdVent) e AR S, stoichio-

m Xt ures Dfferential Scannl nrﬂ
me'%?%'ﬂsl?éif pHe ?%@0 @PGB‘H'% /2 {uAeraie AouP apd A &gy eH gnlegules-
Table 2: Mdification A lnstrunent: I\/lettl er Tol edo

C?l%ﬁnﬂ& @F 69&%573 he\Zénr'y \rs/]a sbee t%fll’ a(r)lg hgg} c@y Mél Elecognpose rapid-

ly. They consist of a distinct channel structure along the crystallographic b-axis which occu-

pies about 25% of the whole crystal structure volume. Within the channels the solvent mole-
cules can be found which exhibit strong disorder. Hydrogen bonds can be found between
SPP100 (hydroxyl group and protonated amine group of SPP100) and the fumarate group
and between SPP100 molecules (protonated amine group and oxygen). Another H-bond
exists between ethanol and SPP100 (oxygen and amine group). Dominating propagation
vectlor of the H-bonds is the crystallographic b-axis. Although some H-bonds can be found
the main packing force (for a 3-dim crystal) of the structure seems to be Van der Waals

interactions which accounts for the instability of the structure.

Table 6 Crystal data of SPP100 hemifumarate solvate form with ethanol Sp

Ethanol (antisolvent heptane)

Crystal system Orthorhombic
Space group P 222
a, A 20.114(9)

b, A 12.497(5)



According to the heating rate applied, the presence of

an additional thermal event can be observed at about
WwW®oBg0ewer espondi ng to the glass transition. TPEI/EP2007/009573
presence of anorphous part in nodification Ais also
observed by X Ray powder diffraction (XRPD)
(calculated to be approxi mately_ 50% . b) X Ray powder
diffraction (XRPD) A batch of Mdification A shows an
X-Ray pattern with the follow ng peaks (under the

 (2Theta): 6.0, 7.3, 8.6, 9.2, EHaeol(gntisplvenyheptapg)

c,AL7.9, e.g. in nore detail 6.017.5868) 8.6, 9.2, 9.9,
.0, 17.2, 17.9, 19.2, 19.7, . For exanple, a

V’%gtch shows the X-Ray diffracﬁ%g3 pattern given in

Deakiggem™L. ¢) X-ray powder diffrhatdd on study of

z nodification A at various Relative Hum dities (RH) The

aimis to evaluate the influence of the storage
radi@gfomt i on on the crystalline ¥#9% of SPP100
o rée f umarate For this purposez.s1-5n23li fferent

experiments have been perfor . The first one
n°'<¥8’%§'e§tr§"‘teg submit SPP100 he:gsggunar ate nmodification A
no. testraints t rogen flow and to reck&d at various tinme the

no ?é?lreEte?e%R&fi ng XRPD pattern. Dﬁtysit;ng t he second
exper i nmen rela

t hei nfl uence of ive humdity on the

GOErystal line nodification A isl-@f& ernined by XRPD
FindlBQaHSRNENt . The correspondi ngg7ggsul ts have been
. Su rized in the following tables. (i) Table 3
F'"%f”mééﬁ(ﬁhder nitrogen flow BH¥20.00 2.25 4.53 7.80
GOR 3.Addbdhdss/d Fithour) XRPD Mod A Mbd A Mod A Mbd A Mod A

Mod A Change none none none none none none Conment: No

change of the nodification is observed during storage
Exanipthet: Amdrptage Madtérawy. (ii) Table 4: Influence of

[ i di 1. iLf.icatio Ti 2.55 5. .01 7.4
amyBudly) 8 B fhitis s 5 B & thF e odehod; oo o o
SPPR0,irR408 g 50sthsn 80VATeSS7 0% Fnogphous SPP100 hemifumarate is obtained
after spray drying. The solid is dried under 20 mbar at 30°C and stored under nitrogen

atmosphere.

Characterisation:
a) DSC Studies
Instrument: Perkin Elmer pan:219-041, temperature range: 10°C to 140°C.

The glass transition of amorphous SPP100 hemifumarate is observed at about 60°C. The AH

melting change can be found as approx. Ac, = 0.5 J/g°C.

b) X Ray powder diffraction (XRPD)
A batch of amorphous aliskiren hemifumarate shows the X-Ray diffraction pattern given in

Fig. 3. No significant peaks can be observed.

Example 7: Further Physico-Chemical Characterisation of Crystal Modifications A, Crystal

Modification B and Amorphous Material:




XRPD Mod Mod Mbd Mbd Mod Mod Mbd Mod Mod Mod A A A AA
A AAAAComent: No significant variation is
wobmenywek Exanple 2: Solvate S (al so call ed Q@EEPRL007/009573

Form E): The solvated formof nodification A before
drying is obtained as described in Exanple 1 but the
suspensi on (CH3CN Et OH 87/ 13 w) is not filtrated. X
Ray powder diffraction (XRPD) bat ch of Sol vate SA
shows an X-Ray diffraction pattern with the follow ng

K h h
Re%{gtgl_eg@ n% ?ﬁtrh@gglcﬁggﬁéklggss( %%2)5 Agagdﬁe ic?r;?)i%r[elgzhtarlfgtggzed in a
surdrBar@zed I@mlin #redfolRNing tableg and desobptienstet ai | 4.5, 5.9,
7.1, 8.6, 9.1, 11.0, 11.2, 13.2, 14.2, 14.8,
)Gmej?alfﬁlatvticaiaaw 16.8, 18.0, 19.1, 19.7, 20.7, 21.4,

. . a batch shows the XRPD iven in Fig.
Prozpn EB@a@Néﬂ%dat@ays@&Ias Nband Flemenigh/malysis data eenfire dhegirugture of

alisB}enTitinfifufivayié fletdio hol dhswaApPt ai ned from 150y of SPP100
hem fumarat e di ssolved in 281 g of Ethanol ALI at 55C.

B B’ th|\§ sogutluon'

__tzﬂéiled down at 35C after 1 hour, the sol uti on becones
slightly cl oudy The solution (ratio CH3CN ethanol =
80/ 20 'W/\E/?YI)R cool ed down to 200C in 200 mn, and the

In thg ey BRiesd qns#*t Rai- stapgsor Bejgliveddurpiity, Rofrsrfor Sorption and

Desuiptsfobédoggtionon of the substance, the suspension is
filtrated and the solid dried for 2 days under 10 nbar
at_400C, and Crystal Modification B of aliskiren

Tatheefri f umarate i s obtai ned. Characterisation: The form

Modi f i CaWB_rW—EﬁTEW of solvated form SB
obtained in acetonitrilel/ethanol m xtures (Exanple 2).

a) DSC St fdtes : Table 5: Mdification B Instrunent:

Mettler quyoe;do—ng,?_ze—(—mm, heating rate:
10K/ min Melting O) Ent hatv@/ (J/g) Mean value: X =6

100. 7 56
1st 2nd
0 0.00 -0.03
10 0.84 1.37
20 1.50 2.06
30 2.09 2.60
40 272 3.16
50 2.54 3.85
60 4.72 4.72
70 / /
80 / /
92 / /
Table 8:
Modification A Modification B
R.H. Sorpt. Desorpt Sorpt. Desorpt

(%) wt% wt% wt% wt%




DSC experinents do not show presence of anorphous part
in nodification B. b) X Ray powder diffraction (XRPD)
wamabets2nf Modi ficati on B shows an X- Ray di f fr@rEPD®NT/009573
pattern with the foll ow ng peaks (under the conditions
given in the description to Fig. 2) Peaks (2Theta):
3.8, 6.5, 7.7, 8.0, 156andég e.g. in nore detail
3.8, 6.5, 7.7, 8.0, 13.8, 14 156 17.4; e.g. a
batch shows the XRPD given in Fig. 2. Exanple 4:
Solvate Form S5 : The sol vated form of nodification B
before dryﬂﬁg i's obﬂ%u ned as ‘descr| bed2¥n Exanple 3
3 : 560 ¥daN— s not
filtrated ay powder diffraction (Xg A batch of
Sol ¥&te S &Hbws an O0dRay difOL4ction @A%der the
CUWWWFWWFFQ 5) with
the faollow ng Peaks: Peaks (2Theta) /, 7.2, 8.0,
12.30 15 61.0%6. 9, 1708 and 1853, e.g. 3% nore detail
37 7400. I P3d. ©. 7,144 2, 8.036d40.0, Ih4% 12.2, 15.6,
16.9 17 3 18 3 18 719 5. thus__a batch shovvs an
XRPEY r eprebBhted i i # g. 5. ERAnpl e 5568l vate Forms S

andg®n, SiJgs € CrySigg S Charpggerisat 7.

Structurally solvate fornms Sc and SQ are

cha?%cten Zled by si n’gl e cryst Al Xr ay di'ffraction. The
singde crystals aré grown usipg heptang as

anLWLepaam—aaad_phe_aLhaxm sol vat e
of ¥PP100 HWenifunardte can be’ grown as 'smal | needl es

fromiso propanol, or et hanol sol ution respectively,

t t t. As t
oo g SPE R A R BRI AR AP RIS g BelfFpLE o show
a sfengrhygtesedpitcleehariomTée Immmuptabptsaaeer@gle foahdeédurs relative humidity
of @@y.,r%ew%yglam stmo@ &R pad m&n@é e u%?aréauon B and

|scussed in detail. But -fromthe data the conclusion
amerpROYSefOFR SRAW 1o ABiFRNt IRGsRASE pArBe re'aivgaliumidito uptd the gubstance
becOmps bSolus@st ructural to the ethanol sol vate (when
heptane is used as antisolvent). The solvate S
stoi chionetry consists of one SPP 100 nol ecule, 1/2
Thef eamtinunue inpreasp/daordase siothe evater reotpdion/iesorptibhesuggeste & woeperative
hydgtlo%e%gan%l)wﬂﬁ&t eSS ¥ t§@5‘r§§t9l| s@ruEtgrea'TFus%anwor could be due

deCO ose rap i d The consi st
1o the §f%5ﬁeffe giHeh l’?éI‘:h@F‘PﬁC‘erﬁféa%ﬂr%H‘gth?ffzéysﬁ')ﬁéﬂ"étmeod' Pﬁpﬁ‘i’i"&’ of the
matbriglXo cvdpt Wated aBdledlledScambiuve 2 bighidant BReoMbdl ig Gyumaltidly as the

crys%l sHuct rfe?s sﬁ?v!’:\)lljsrrs%bm\/\(ed% Eh}s%%l Squ’elzggnel s the sol vent mol e

Up to a certain relative humidity (60% R.H. at 25°C) the hygroscopicity of SPP100
hemifumarate modification A, modification B and amorphous is reversible. Above 60% R.H.,
the compound becomes deliquescent. This phenomenon is connected with the high solubility

of the material in the water.

Modification B is out of these 3 modifications the least hygroscopic form. The lower affinity
with water can be explained by a different crystal structure. For a relative humidity higher
than 60% R.H. at 25°C, the same behavior as modification A and amorphous is observed

which is due to a dissolution of the material in water.



cul es can be found which exhibit strong disorder.
Hydr ogen bonds can be found between SPP100 (hydroxyl
w@emspemerl prot onated am ne group of SPP100) ardir/EPm®07/009573
fumarate group and between SPP100 nol ecul es
(protonated am ne group and oxygen). Another H bond
exi sts between ethanol and SPP100 (oxygen and am ne
group). Dom nating propagation vector of the H bonds
is the crystall ographic b-axis. Al though some H bonds
can be found the main packing force (for a 3-dim
C) Heaiotdissolulipn he structure seens to be Van der Waal s

Abdul i GrRF b rﬁé\éné(mé &ch%%@‘é@éléd 5@53 srhsommtnebéduntbyat.eﬁ al B8C. the

structure. Tab yst al
ampRata ’Fl?fPé‘Fﬁf’bmaOo'ln\/%'t"@‘?roT'Pﬁ wm Hf@??ﬁ&rﬂﬂ“"@@e@ﬁsh‘w‘ is measured
and(tAé1 eSO bitBrde daepinmatdnsGs yisérin Tagietoem O t hor honbi ¢

Space group P 2 2 a, A 20.114(9) b, A 12.497(5) Et hanol

(antisol vent heptane) ¢ , A 17.596(8) V, A3 4423(3)
Tawm@ic 9 cnT3 1.169 Z 4 radiation, A 1.5406 Q range,

2. DJ.' vdl I IICU I Cbl I

no. df%ﬁ?”f%fln ﬂ&QQ%S&E%F Sﬁgﬂﬁpnal R1 [Rhgkﬁo&P
s(I)J 0.0783 Final VRL [|>2 s(I)] 0.1992 GOF =
Goodngegm@f Fit.  (kJmol) (KJ/mol) (KJ/mol)

Mean -31.6 -24.6 -35.1 -38.1

Comment: There is no significant variation between amorphous and modification A.

D) Comparison of analytical methods and limits of detection:

(i) Modification B _in Modification A
XRPD: SPP100 hemifumarate identity by XRPD: Modification B can be detected in mixtures
with SPP100 hemifumarate Modification A with a Limit of Detection (LOD) of better than 4%.

FT-IR:
Modification B can be distinguished from modification A in FT-IR technique using the bands
in the area 1465 cm™. However, there is a strong similarity between FT-IR spectra of

modification A and modification B.

FT-RAMAN:
Modification B can be distinguished from modification A by FT-Raman. However,
modification B does not present a typical band in comparison to the FT-RAMAN spectrum of

modification A.

(ii) Amorphous part in Modification A

XRPD: SPP100 hemifumarete amorphous content by XRPD: Quantification of amorphous
content SPP100 hemifumarate is possible by X-ray powder diffraction (XRPD). FT-IR and
FT-RAMAN spectroscopy: FT-IR and the FT-RAMAN spectra do not present significant



Exanpl e 6: Anorphous Material: Anmorphous SPP 100
hem funarate is obtained by spray drying a solution of
wdaowsgewb2 SPP100 i n 400 g of ethanol ALI. AbourCBEPZHOT09573
anor phous SPP100 hem fumarate is obtained after spray
drying. The solid is dried under 20 nmbar at 300C and
stored under nitrogen atnosphgge. Characterisation: a)
DSC Studi es Instrunent: Perkin El ner pan:219- 041,
tenperature range: 100C to 140 OC. The gl ass

n of a PP100 h mfu
ot e RS berkoh g BP0 FR e A o RS G E TR perpmarate
moflificatian As toeggyelor a dDeptltail\/@.rEettilddgC. b) X Ray powder -
diffraction (XRPD) A batch of anorphous aliskiren
hem fumar ate shows the X-Ray diffraction pattern given
Dynanig-VgporHorptiqn (Y ghi A lineantelatienghip kelwedndhe paerpiieds content pre-

serfEXAAP b@mﬁle ahtd tHelRdteRiYsde ©an 68 8PdcPRld flORPERBESE M@ R ipBRormed
ifications A, Crystal Mdification B

”s'%WOMBHé@ ISR 1O4P maﬁé‘@bl ts obtained with Crystal
Modi fications (= Forms) A and B /dry) are

EX%@% @.céggt'%% mid@ @ sumarized formin the follow ng
? iptions: A) General Analytical Data
Thi® E@El@ﬁoﬁﬁ‘% obBfindd\y dddliBrafich #6th oldshtd rﬁlxﬁﬂéj o@tﬁ%%@tone and

sis data confirmthe structure of aliskiren
°°rF?éH? GiP gtduredetvgen Madiffcatignginand 2 dgarasiaianPeodyet pbtained by
cheSquteaerbri \Bio dmerdmeqscmmsaée Roinbon). A is (HeefbrieGahdt@Bndidered

fud@&qﬁw Rmtogﬁe ke ngs rqéti@églgﬁrhe%p?w %%Pgriue c¥cz?hexanone) also

chesmqbtqaevprmtddm(orq@vmablwrals@é?stnff paseshareTadride 7:
Modi fication A R H

Example 9: Crystal Form D:
Form D is obtained by crystallization in tetrahydrofurane (equilibration and drying), it

corresponds to the group so called solvates Type Il in Example 11 a) (i).

Example 10: Further Characterisation of Solvate Forms S, and Sg, Maodifications A and B

and other forms by desolvation / drying study of solvate forms S, and Sg: Equilibrium

experiments

Between 200mg to 700mg of drug substance are equilibfated with 0.5 to 1 ml of solvent for at
least 24 h in a water bath at the determined temperature + 0.1°C. After equilibration, the
solutions are filtered. The solid part is investigated by XRPD (X-ray Powder Diffraction).

Table 10: Equilibrations at 25 degree Celsius of Modification A

Solvents XRPD

Acetone + chemical reaction
Acetonitrile -

Cyclohexane -

Dichloro- 1"

methane




Sorpt. Desorpt w% wt % 1st nnd O 0.00 -0.03 10 0. 84
1.37 20 1.50 2.06 30 2.09 2.60 40 2.72 3.16 50 2.54

W@2®8/06622%4. 72 4.72 70 |

I 80 1 | 92 1 | Tabl e BCT/EP2007/009573

Modi fication A Mddification B R H Sorpt. Desorpt
Sorpt. Desorpt w% w % wt % wt %dst ntidd 1Ss tt >nd O
0.00 -0.52 0.00 0.04 10 O. 53_Qg43 0.94 2.33 20 0.76

0.77 1.69 3.17 30 1.01 1.09 2

3 3.76 40 1.30 1.44

3.68 4.47 50 1.77 1.97 5.52 5.65 60 2.66 2.66 7.68

7.68 Dioxane + Typ lll
DMF )
DMAc + Typ lll
Ethanol /]
n-heptane -
Isopropanol + Mod. B
Methylethy!- + chemical reaction
ketone
Pentanol +Typ V
TBME + amorphous + Typ i
Tetrahydro- + Typ Il
furane
Toluol + amorphous
Meaning of symbols: 1 not carried out as substance too soluble

+ change detected
no change detected

Comment: Equilibration in acetonitrile, cyclohexane and n-heptane does not show a

conversion of modification A.

Example 11: Other Solvate Forms of SPP 100 hemifumarate

a) Solvate forms similar to Modification A:

(i) Type Il (corresponds to Crystal Form D) This crystalline form is obtained from
Modification A equilibrated at 25°C in dioxane and in tetrahydrofurane. It can also be
obtained from amorphous material kept under THF atmosphere at 25°C. The XRPD pattern
presents a correct crystallinity with the presence of well resolved peaks at low theta. A batch
of Type Il shows an X-Ray diffraction pattern (under the conditions given in the description
for Fig. 6) with the following Peaks (°2Theta): 5.4, 7.4, 8.7, 9.1, 10.3, 15.4, 16.0 and 18.2,
e.g. in more detail 5.4, 7.4, 8.7, 9.1, 10.3, 11.3, 11.7, 12.3, 14.2, 15.1, 15.4, 16.0, 16.6, 17.8,
18.2,19.4, 19.9, 20.2; e.g. an XRPD as given in Fig. 6.



70/ 11/ 81 1 11 921 I I I Comrent: SPP100
hem fumarate Modification A, Mdification B and
waemspbiees form show a strong hygroscopi ¢ behar@DEP2001€09573

wat er uptake is reversible for maxinumrel ative

hum dity of 60% Above this value, SPP100 hem fumnarate
Modi fication A Modification B,and anmorphous form show

a significant increase of the relative humdity until

t he substance becomss a solution. The continuous

nc e/d creas t he vvate sorpti.Qn/ desorpti on
() TUSITETEE SIS B ek M heiR B ey SebT et prpdenitie
atnubspiverelat ioom terhpérhres Mis badinmsibg ofaheJXEPD'Eh'ttsrnkwhﬂe/ctrwtallme form
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ure
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peﬁ('sglﬂéd‘kb @“@‘T‘ﬁetﬁf f4%05 907‘2' 5 8, Sﬁi yi@thH '1 n’ff;(yar?cﬁd 0. &fn%ﬁér@ldetall
sical stress. Pf%
5O LU S 42 B0 T S AL VebOl R 1820 g a0 HEPD a5
givlrygrrag gopi city of SPP100 hem fumarate nodi fication A,
nodi ficati on B and anor phous is reversible. Above 60%

R H., the conmpound becones deliquescent. This
(i) gheayhEhis rsofwetedmhi@fuecéfdommoldifcdrt@nm pipt srden bihanelatwsblute or ALI)

atﬂd@ﬁwé@to@ {Jhé’ér n‘lé't‘hatnlaﬁatmgﬁ{er 'nﬁc%]d%@'éfld?’unsh@wE% gQ)HB c@%_ﬁlhnlty

hese fications east YOSCO§
W'”l‘ B\wessf'?q %Smrme?hs M%?Tm Pb’@‘MITé(P?] HSWS@n X-Ray
diffhicfidregaftein (Qhdes thd coptiitions gived. in HRIdedcriplbmidr ¥Ry, Btk Yollowing

poakud B e TN 3 CRTOFBRA S dbaer Ven i ah e, 1o aage 102
e.gtip mprelfietaibs.Gt 9.8,7.©f8.4,9€2, Mblet1.Gl12i1n 1281 €4.8,35.47489, 8.5, 19.2,
19@'@563'2‘#?4' 20 AL g 1995(&P9fas'§%ﬁf1 ﬁg .S placed in a

seal ed gl ass anpoul e. After “equi ration at 25C, the
anpoule is broken in 100 mM of water. The heat

b) w@wle@d\s@mian@ mdswﬁdéi.&sgl ution is nmeasured and the
natlo s.s_given i.n Table

O R a.~oafes PRaFPEhY Rviglivated AP e R P GiaLonder soivent

vapAngﬁ'q@ihmg@atate or methyl acetate at room temperature. The XRPD pattern presents a
very low crystallinity and shows some similarity with Modification B. A batch of Type | shows
an X-Ray diffraction pattern (under the conditions given in the description for Fig. 8) with the
following peaks: Peaks (°2Theta): 6.5, 8.0, 14.6 and 15.5; e.g. an XRPD as given in Fig. 9.

(i) Type lI: This solvate is obtained from Modification A and amorphous material equilibrated
at 25°C in TBME (tert-butyl-methyl ether) atmosphere. The XRPD pattern presents a low
crystallinity. The beginning of the spectrum presents some similarity with Modification B. A
batch of Type Il shows an X-Ray diffraction pattern (under the conditions given in the des-
cription for Fig. 10) with the following peaks: Peaks (°2Theta): 4.4, 6.7, 15.4 and 16.6, e.g. in
more detail 4.4, 6.7, 9.4, 11.6, 15.4, 16.6, 19.7; e.g. an XRPD as given in Fig. 10.

(iit) Type V: This form is obtained from Modification A equilibrated in pentanol atmosphere at
25°C and from amorphous material kept under room temperature under n-butanol, 2-propa-
nol, 1-hexano! and ethanol atmosphere. This type is very close to Modification B (only some
shift of the peak positions and sometimes presence of additional peak). Medium crystallinity.
A batch of Type V shows an X-Ray diffraction pattern (under the conditions given in the des-



(KJ/mol) (KJ/rmol) (KJ/nol) (KJ/nmol) Comment: There is

no significant variation between anorphous and
woasbéwat i on A. D) Conparison of anal ytical nethBR®07/009573

and limts of detection: (i) Mdification B in

Modi fication A XRPD: SPP100 hem fumarate identity by

XRPD: Modi fication B can be qlgggct ed in mxtures with

SPP100 hem fumarate Modification Awith a Limt of

Detection (LOD) of better than 4% FT-1R Modification

B can be distinguished fromnodification A in FT-IR
crintige fan Figu &1 rathibe follewipg Reaksi Reakné 2dpeta): P46 8-% /01146, 155, 17.2,
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MeIRCHER reaction with acetond (%Ehi ff Base
2-pepami 1 on). It I's therefore IsTRoy considered

TBME -

Tetrahydrofurane + Typ HI

Toluene -

Example 12: Pharmaceutical Preparations

The following formulation examples of pharmaceutical preparations are prepared using an
active ingredient starting material with crystal form A (Modification A) of aliskirene

hemifumarate in a wet granulation preparation process:

Crystal Form A (though not yet obtained without amorphous material) is preferably used in
the preparation of pharmaceutical preparations in a wet granulation process as decribed
above in the general part of the disclosure.

Alternatively, though this crystal form is inclined to form bundles of needle-like crystals,

Crystal Form B is also preferably used.



further here. Wth other ketones (e.g. nethyl ethyl
ket one, 5-nonanone, cycl ohexanone), also chem ca
wo eashéwe2 products (presunmably al so Schiff basES)/ER2087/009573

found. Exanple 9: Crystal FormD: Form D is obtained

by crystallization in tetrahydrofurane (equilibration

and drying), it corresponds tgqethe group so called

sol vates Type Il in Exanple 1? a) (i). Exanple 10:

Furt her Characterisation of Solvate Fornms SA and S5 .

Modi f i cations A and nd other forns b esql vation /

et §% coeh oo i el Mol bese) ShpasaBER i g
experiments Bet wepgnetOONy to 700ng of drug substance
are equi | i brat edcothphe-0] 5 B528em ofDesA9¢ent f Bpsage
least 24 h in a teatsetopt hfIM the def¥Phfneq form3
e 0.1 0C” Affer equilibration, the

solu ﬁ%hgﬁgre filtered.| The solid part is investigated

byA:@iﬂSEn@Pﬁ;-f ay Pquslery D fffs@%‘g on). 1}?%@ 100 465.750

Equi rations at 25 degree si us Modi fication A
Sol ¥varatexRPD Acet one + chemical reaction Acetonitrile

HRIRE'S 7, RS L b8 "eRh e * TPadd
| sopelofseol + Mod. B Met hyl ethyl - + chem cal reaction
ket one Pentanol + Typ V

Polyvinylpyrrolidon - 12.000 12.000
K30
Crospovidone 84.000 45.000 44.000 48.200
Aerosil 200 4.800 1.500 1.500 1.800
Magnesium stearate 4.800 3.000 4.500 5.000
Total weight 480.000 300.000 300.000 340.000

Table 13: Composition of aliskiren 150 mg (free base) uncoated tablets in % by weight.

Roller
Dosage Dosage Dosage
compac- form 1 form 2 form 3
ted tablet
Component
Aliskiren hemi- 34.53 55.25 55.25 48.75
fumarate
Microcrystalline 4597 28.25 24.08 31.545
cellulose
Polyvinylpyrrolidon - - 4 3.53
K 30
Crospovidone 17.5 15 14.67 14.175
Aerosil 200 1 0.5 0.5 0.53
Magnesium stearate 1 1 1.5 1.47




TBME + anorphous + Typ Il Tetrahydro- + Typ Il furane

Tol uol + anorphous Meani ng of synbols: // not carried
WwWo@i08a616321bst ance too sol ubl e + change det ect eRPICTIBP2007/009573

change detected Conment: Equilibration in

acetonitrile, cyclohexane and n-heptane does not show

a conversion of nodification A, Exanple 11: O her
Sol vate Forns of SPP 100 hemi fumarate a) Sol vate forns
simlar to Mdification A: (i) Type IIl (corresponds

fronTadmlfief i cat i on10R.G0qu| | | H0GROEd at 28@00 n di oX¥ans&0and
anor phous material kept under THF at nosphere at 25C
Tabld&4: XIIRIpopitibit eff aliskirepsi®Ningg @ree dased ahcaatedbibibisiimmygiunit{divided
of well resolved peaks at low theta. A
mtobﬂr?ecrﬁﬁgfﬁﬁ]é:s%é 1l shows an X-Ray diffraction pattern
(under the condi ti Onb vel T thedescript | UII f UI

Fig. 6) with the fol %cqcF’eBkS §e Thet ?3) sa?;] m)ré)dsage

8.7, 9.1, 10.3, 15.
detail 5.4, 7.4, 8.7, a‘g'e} 175, ¥ 5 g form 3

!
44 1 L | 17 O 10 ') 1n A 10O
L4, Z, Ji RO [ N 1O, 4, J.U U, 1.0, 7.0 LTI, I,

20.2. e GMBRRERRPD as gived in Fig. 6.(ii) Type |V
Inhek s sQliiviaiend Hemi-obt ai ned frlom anor phous materi al

Plaiser ed ungRaragcet oni t165l78 gt ITDISBJ'ISYG at 1esom 165.75
t enper begipgi g XRPD p rn of '
cryst aﬁgsgwitalp'% IS SéI}an g‘{nﬁse one oZ%ggved fo%g‘|2§

l\/bdlflcatlon . A batch of TypeIVshovvs an X- Ray
di ffrﬁ'@b’Y'BY‘lpgﬁiﬂ'ﬂ‘@‘rn (under [the condition$2.89ven i n12Ae
descrlptl Fig. 7) witth the follow ng peaks:
Peaks ((Zr'Bhlﬁtv&Done4 5 %6 7.2, 8.6, 9.2, 10.0, 11. 3420

15.0 an in nore detail 4.5, 5.9, 7.2, 8.6,
d‘?f]'gsi'%ofﬁ 11. - [ -

9.2, 10 6, 15.0, 16.0, 17.4, 17.9, 19.2,
21.7; M@f@S'Ua‘rStWI as2gioven in Fig. 7. (ii-i) Type V-
Outers solvate is obtained from Modi fication A kept

phaseder eTrospmidofabsol u4&0®mr |ALI45.00 44.00 34.00
Microcrystalline - - - 17.00
cellulose
Aerosil 200 4.80 1.50 1.50 1.80
Magnesium stearate 2.40 3.00 4.50 5.00
Total weight 480.00 300.00 300.00 340.00

Table 15: Composition of aliskiren 150 mg (free base) uncoated tablets in % by weight

(divided into inner/outer phase).

Roller Dosage Dosage Dosage
compac- form 1 form 2 form 3
ted
tablet
Component
Inner Aliskiren hemi-
Phase fumarate 34.53 55.25 55.25 48.75
Microcrystalline 45.97 28.25 24.08 26.545
cellulose
Polyvinylpyrrolidon - - 4 3.530




at nosphere, or under nethanol atnosphere. This

nmodi fi cati on shows a good crystallinity with the
w@e@seeese2 of sharp peaks at | ow 2Theta. A bat cPCDEPZYD&N9S73

VI shows an X-Ray diffraction pattern (under the

conditions given in the description for Fig. 8) wth

the foll ow ng peaks: Peaks (Z'EI?et a): Peaks (2Theta):

4.6, 5.9, 7.1, 9.2, 11.2/14.8, 16.4, 16.9 and 19. 2,

e.g. in nore detail 4.6, 5.9, 7.1, 8.4, 9.2, 11.2,
11. 612112 .8 14 8 16 4 16.9, 18. 5,19 2 19 8

20.8, 21.4, 391 8 23. 3 e.g. an XRPD as given in Fig.
8. b) Saclospveddrer ns si w5l arf to Modification B: (i) 4.175
Type 11 JQi s 50 vate is_obtjained by crystallization
from armrpﬁous mat eri al under solvent vapor of ethyl’
acet aMagessiurestpgiateacet 86e 4t room tenperature. The -
OMEIPD pattern presents a verly low crystallinity and
plsdsews sOmspsyidganearity Wit h |Modi #5cati on B4.6A batch ad
Type | wibowss@in Ray diffrjaction pattern (under th
condi ti onggb¥en in the description for Fig. 8) wth
the foll owin (Peaks Peaks (2Theta): 6.5, 8 0, 14.6
and 15. 5 efes'gz Oan XRPD tas di ver®Pn Fig. 995(ii) Types3
I'1: Thagnesainvétbarates obo.gi ngd fram Modi ficasion A amday

anor hous rial eqy.ld.bria 250C
(f or\P- but \/ erf h\/I mgtygf IO t m@gﬁh Ma)?épn pat 10&‘%

presents a Iom10rysta||inity The beglnnlng of the
ExaByee ti 3:L00nmiceBion {dbtaitstEbySidtighamlatioh)W t h Modi fi cation B.

A batch of Type Il shows an X-Ray diffraction pattern

(under the conditions given in the des cription for

Fig. 10) with the follow ng peaks: Peaks (2Theta):

4.4, 6.7, 15.4 and 16.6, e.g. in nore detail 4.4, 6.7,

9.4, 11.6, 15.4, 16.6, 19.7; e.g. an XRPD as given in
Tatfié 96: Cithpoition df aligkieen\(in ohbiosthk avdalfi b&oﬁbbﬁioﬂﬁﬁmﬁehmmed above,

eSng%}'Jf\iﬂ%ﬂﬁéa?lgnA %‘ ef*ojrrrﬁ’l&team-c Pe@ tﬁe} dgg/m\)gphere at

roma erlia
tenperature under n butanot;—2=propanot,—f=thexanol—and

Qosaaeform hbspheremailiies t ypdSo madreg cl 0S80 my (free
ModPtrerdthi on B (onbPgsdone sh| f tbage) t he peak RAs8i ti ons

and, Eﬁgr{t_rres presence of additional peak). WMedium
dﬁa'slk'rf%ibwf@in patter nder the itions given.in the
des@hiapits on f or Fi%:é#‘l) wi t h ﬁcffg&ﬂm | owi ng%’e@é’s:
Peaks (2Theta): 3.7, 6.5, 8.0, 14.6, 15.5, 17.2, 18.8
aMﬂroZQ/sfb,llme g. in nore detail 3.7, 6.3, 6.5, 7.2, 8.0,
“g”% 1, 12.4, BB&5 15.1, 19795017, 2, 172145008, 8,
19%;3 56 20.1, 22.1, 23.1; e.g. an XRPD as given in

F%I;Q/myﬂu}rrolﬁ% exanpl e, about 100 nmg of anor phous
nat e||r<|30 are pl acedommder or gam2.00ol vent vapooo

Crospovidone 24100 48.200 96.400
Aerosil 200 0.900 1.800 3.600
Magnesium stearate 2.500 5.000 10.000

Total tablet weight 170.000 340.000 680.000

Opadry premix white 9.946 16.711 23.9616




for at |east one week at roomtenperature. The solid
material is investigated by XRPD (X-ray powder
waledoBroeise: on), and the followi ng results are OPCHEPI®A7/009573

Tabl e 11: Results from keepi ng anor phous materi al

under sol vent vapor: Sol vents Mdification obtained by
XRPD Acetonitrile + Typ. IV n ?gt anol + Typ. V

Di net hyl f or mami de Mai nly anor phous Et hanol Anof hous +
Typ. V Ethyl acetate + anorphous + small anount of

. tate .+ Typ |

Oppdrppeemtik red Typ VOIBNE - Tetr aByad® of urane +1.8382 111
Tol uene - Exanple 12: Pharmaceutical Preparations The
QraPtYdRi# RIS bfask mul at i0%80exanpl es 8P5bhar naceut§-2e42

re ations are prepared using an active ingredient
Ef’?ﬁ)ﬁ[’?\(jf’ﬂtﬁaerl al {4ologocr yst al zEppgg A (Modi Hpgghéon A
oftablet wkighene hem fumarate in a wet granul ation
preparation process: C(rystal Form A (though not yet
obt ai ned wi t hout anorphous material) is preferably
used in the preparation of pharnmaceutical preparations
in a wet granul ation process as decri bed above in the
general part of the disclosure. Alternatively, though
this crystal formis inclined to form bundl es of

needl e-1i ke crystals, Crystal FormB is al so
preferably used. Table 12: Conposition of aliskiren 150
ng (free base) uncoated tablets in ng/unit. Roller
Dosage Dosage Dosage




conpac form1 form2 form3 ted tabl et Conponent
Ali skiren hem - 165. 750 165. 750 165. 750 165. 750
wo eovanetee2 M crocrystal i ne 220. 650 84. 750 72. 2BOI/EP2007/009573
107. 250 cel |l ul ose Pol yvi nyl pyrrolidon - - 12.000
12. 000 K 30 Crospovi done 84. 000 45.000 44.000 48. 200
Aerosil 200 4.800 1.500 1.50Q453%.800 Magnesi um stearate
4.800 3.000 4.500 5.000 Total weight 480.000 300.000
300. 000 340. 000 Tabl e 13: Conposition of aliskiren 150
ng (free base) uncoated tablets in % by weight. Roller
Whabisatpimétbisage Dosage conpac form1l form2 form3 ted
tabl et Conponent Aliskiren hem - 34.53 55.25 55.25

1. 48a ERystalidrh 3t Sisherr r%%f)ﬁﬁlta?ﬂté 'trﬂﬁleﬂ'@ Ryt %r%!;mglﬁdf;‘éa solvate
for 31 545 cel | ul ose Pol yvi nyl pyrrolidon - - 53 30

2. A crystal form according to claim 1, which has a melting temperature in the range from 80
to 110 °C.

3. A crystal form according to claim 1, which has a melting temperature in the range from
90 °C to 105 °C.

4. A crystal form according to any one of claims 1 to 3 named Modification A, characterized
by an X-Ray powder diffraction pattern showing the following main peaks given at degrees
2Theta +/- 0.3 degrees: 6.0, 7.3, 8.6, 9.2, 9.9, 15.0, 17.2 and 17.9.

5. A crystal form according to any one of claims 1 to 4 named Modification A, characterized
by the following X-Ray powder diffraction pattern given as peaks at degrees 2Theta +/- 0.3
degrees: 6.0, 7.3, 8.6, 9.2, 9.9, 15.0, 17.2, 17.9, 19.2, 19.7, 20.1.

6. A crystal form according to claim 5 having an X-Ray powder diffraction pattern

corresponding to that in the following Figure:
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7. A crystal form according to any one of claims 4 to 6, having a melting point in the range
from 90 to 100 °C, especially 96 to 98 °C, preferably at a heating rate of 10 K/min.



Crospovi done 17.5 15 14.67 14.175 Aerosil 200 1 0.5
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aliskiren 150 ng (free base) uncoated tablets in
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9. /xfg@steldorgogpcegl ngdo any ong1ef qigyms 4 to 7, having a purity of 50 % or more by

weight, related to the total of aliskiren hemifumarate.

10. A crystal form according to any one of claims 4 to 9, which in addition has one or more,

preferably one or two of the following properties:

obtainable from a solution with a ratio of acetonitrile : ethanol in the range from 80 : 20 to

99 : 1, more preferably 85 : 15 to 90 : 10, especially 87 : 13, at a temperature in the range
from 1510 40 °C, then - preferably after addition of seeding crystals of Modification A, e.g. at
37 °C - cooling down from 37 °C to 17 °C and re-warming to 37 °C and repeating the cooling
and warming, and then cooling down to 22 °C; distilling off the solvent; adding acetonitrile,
e.g. in a weight ratio aliskiren hemifumarate to acetonitrile of about 8 : 23, keeping at about
20 °C, cooling to about 0 to 5 °C, e.g. 3 °C, filtration and washing (preferably with the mother
liquor); followed by drying; and/or

a melting enthalpy in the range from 29 t+ 7 (standard deviation) J/g at a heating rate of 10

K/min.

11. A crystal form according to any one of claims 1 to 3 named Modification B, characterized
by an X-Ray powder diffraction pattern showing the following main peaks given at degrees
2Theta +/- 0.3 degrees: 3.8, 6.5, 7.7, 8.0, 15.6 and 17.4.

12. A crystal form according to any one of claims 1 to 3 or 11 named Modification B,
characterized by the following X-Ray powder diffraction pattern given as peaks at degrees
2Theta +/- 0.3 degrees: 3.8, 6.5, 7.7, 8.0, 13.8, 14.5, 15.6, 17 .4.

13. A crystal form according to claim 12 having an X-Ray diffraction pattern corresponding to

that in the following Figure:
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14. A crystal form according to ény one of claims 11 to 13, having a melting point in the
range from 95 to 105 °C, especially 99 to 102 °C, preferably at a heating rate of 10 K/min.

15. A crystal form according to any one of claims 11 to 14, having a purity of 20 % by weight
preferably 30 % or more, especially 40 % or more.

16. A crystal form according to any one of claims 11 to 15, having a purity of 50 % or more

by weight.

17. A crystal form according to any one of claims 11 to 16, having a purity of 90 % or more,

preferably of 95 % or more, by weight, related to total aliskiren hemifumate.

18. A crystal form according to any one of claims 11 to 17, which in addition has one or

more, preferably one or two of the following properties:

obtainable from a solution with a ratio by weight (w/w) of acetonitrile : ethanol in the range
from 90 : 10 to 75 : 25 ( e.g. 80 : 20) at appropriate temperatures in the range from 15 to 40
°C, e.g. cooling down from 37 °C to 35 °C and - especially after a clouding occurs - further
down to 20 °C, allowing the aliskiren hemifumarate to crystallize, filtering and drying under

vacuum, e.g. under 10 mbar at 40 °C; and/or

a melting enthalpy in the range from 56 * 8 (standard deviation) J/g at a heating rate of 10

K/min.
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20. A crystal form according to claim 19, obtainable as described in claim 10, but omitting the

filtration and drying steps.

21. A crystal form according to claim 1 which is a solvate named Solvate Sg, characterized
by the following X-ray diffraction pattern given as peaks at degrees 2Theta +/- 0.3 degrees:
Peaks (°2Theta): 6.7, 7.2, 8.0, 12.2, 15.6, 16.9, 17.3 and 18.3, more preferably 3.7, 6.1, 6.4,
6.7,7.2,8.0,10.0, 1.1, 12.2, 15.6, 16.9, 17.3, 18.3, 18.7, 19.5; especially having an X-Ray

diffraction pattern corresponding to that in the following Figure:
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11. A crystal formaccording to any one of clainms 1 to
3 naned Modification B, characterized by an X-Ray
w@onwdeeieel: f fracti on pattern showi ng the fol |l oWwemEPRDTI009573
peaks given at degrees 2Theta +/- 0.3 degrees: 3.8,
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27. A crystal form according to claim 1 which is a solvate named Type VI, characterized by
the following X-ray diffraction pattern given as peaks at degrees 2Theta +/- 0.3 degrees:
Peaks (°2Theta): Peaks (°2Theta): 4.6,5.9,7.1, 9.2, 11.2, 14,8, 16.4, 16.9 and 19.2, more
preferably 4.6, 5.9, 7.1, 8.4,9.2, 11.2, 11.6, 12.1, 12.8, 14.8, 16.4, 16.9, 18.5, 19.2, 19.8,
20.8, 21.4, 21.8, 23.3; especially having an X-Ray diffraction pattern corresponding to that in

the following Figure:



Peaks (2Theta): 4.5, 5.9, 7.1, 14.8. 16.8, 18.0, 19.1
and 20.7, nore preferably 4.5, 5.9, 7.1, 8.6, 9.1,
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30. A crystal form according to claim 29, obtainable by crystallization from amorphous
material by keeping it under an ethylacetate and/or methylacetate atmosphere.



7.2, 8.6, 9.2, 10.0, 11.1, 11.6, 15.0, 16.0, 17.4,
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especially having an X-Ray diffraction pattern corresponding to that in the following Figure:



met hyl ether atnosphere. 33. A crystal form according
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35. A crystal form according to claim 1 which is a solvate named Form Sc, obtainable from

an isopropanol solution of aliskiren hemifumarate by precipitation using heptane as antisol-

vent.

36. A crystal form according to claim 1 which is a solvate named Form Sp, obtainable from
an ethanol solution of aliskiren hemifumarate by precipitation using heptane as antisolvent,
preferably with the following stochiometry: one aliskiren molecule, 1/2 fumarate group and 3

solvent molecules; more preferably with single crystals having the following properties:

Ethanol (antisolvent heptane)

Crystal system Orthorhombic
Space group P 2:2:2

a,A 20.114(9)

b, A 12.497(5)

c, A | 17.596(8)

v, A 4423(3)

Deae, g €M™ 1.169

V4 4

radiation, A 1.5406

O range, ° 2.51-54.23

no. variables refined 485



no. vari abl es refined 495Et hanol (antisol vent heptane)

no. restraints 75 no. reflect refined 5359 GOF 1.052
wao2aleief | >2s(1)] 0.0783 Final WRL [|>2s(])] BCBBR07/009573
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40. A pharmaceutical preparation, comprising a crystal form according to any one of claims 1

to 36 and a pharmaceutically acceptable carrier material.

41. The pharmaceutical preparation according to claim 40 for use in the treatment of a

disease which can be modulated by blocking the AT, receptor in a human.

42. A method of treatment of a disease which can be modulated by blocking the AT; receptor
of a warm-blooded animal in need of such treatment, especially a human in need of such
treatment, comprising administering a crystal form according to any one of claims 1 to 36 in
an amount effective for the prophylaxis and/or treatment of said disease.



