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CRYSTALLI NE FORMS OF 1S-[ 1ALPHA(2S*, 3R*), 9ALPHA] 6, 10- DI OXO- N-

( 2= ETHOXY- 5- OXO- TETRAHYDRO- 3- FURANYL) - 9[ [ (1-

| SOQUI NOLYL) CARBONYL] AM NO| OCTAHYDRO- 6H- PI RI DAZI NO

[1,2-A]l[1, 2] DI AZEPI N- 1- CARBOXAM DE. 5 A subjlect of the present invention is
two new crystalline fornms of 1S-[1lal pha(2S*, 3R*), 9al pha] 6, 10- di oxo- N-

(2- et hoxy- 5- oXRY BBALBRYEr BOBMP uPBENYSY { DALPHA (25*, 3R*) , 9ALPHA] 6, 10-DIOXO-N-

i soqui nol yl') carbonyl ] gnj_l 1 hy di.0x ¢ |1 | no[ - _ _
al[1, 2] di azepi n- 1-car g(o@xa%ﬁgﬂg)g&?aryng{%)r ?ﬁsﬁéﬁﬂ% an‘fe%ﬂi,gp‘l\%%% r9 H E}oar ation
process and the phdiSEQUENOIYA) CARBONIL I AMIENGIOTZAHY DRO+ d1eP I PBDATIINO

Appl i cation W9722619 desc;%Pgi%}iﬁgéiégggE%éﬁi1§B§_\§38§kpﬂﬁk

6, 10- di oxo- N- ( 2- et hoxy-5-0

furanyl)-9[[ (1-isoquinolyl)carbonyl]am no] octahydro-6H

piridazino[1,2-a][,l, 2],di azepin-1-carboxami de as well as jts

phar maceutical |y &tcd Jaeocfzte %fgltt © RFTHRt AR EPpbUnt”?) S i nhibitors
of the interlestzllhatea fomersi ars-eNzyIdha [ 25* ] 3R0) , 9alpha CopPOLadokbINas

form 1t mal riy TR0 e QPR D1 e 1 FGHOE0Ed bl (the. pr epar at1 on of
conpound (1) iisbaedAmdled )@drdchy@éamino] octahydro-6H-piridazino[1l, 2-

10 a][l,2]diazepin-l-carboxamide (anhydrous or hydrated), their
preparation process and the pharmaceutical compositions
containing them.

Patent Application W09722619 describes 1S-[lalpha
(28*,3R*),9alpha] 6,10-dioxo-N-(2-ethoxy-5-oxo-tetrahydro-3-

15 furanyl)-9[[(l-isoquinolyl)carbonyl]amino]octahydro-6H-
piridazino([1,2-a] [1l,2]diazepin-l-carboxamide as well as its
pharmaceutically acceptable salts (product 412f: Compound I)

as inhibitors of the interleukin-lbeta conversion enzyme:

20 - Compound (I) as described and prepared in this
Application W09722619 is found in amorphous form. It mainly
has the drawback of being hygroscopic.

The preparation of compound (I) is carried out in the
following way: Amidification reaction between (1S,9S)9-

25 (isoquinolin—l—oylamino)—6,10—dioxo—l,2,3,4,7,8,9,10—
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followi ng way: Am di-fication reaction between (1S,9S)9- 25

(i.soqui nol i n-1-oyl am no) - 6, 10-di oxo-1, 2, 3, 4,7, 8,9, 10- 2

oct ahydr o- 6H pyri dazi no-[1, 2-a] [ 1, 2] - di azepi n-1-carboxylic acid and

(3S, 2S) 3-al | yl oxycar bonyl ami no- 2- benzyl oxy-%- oxot etrahydrofuran in the
presence of dinethylbarbituric acid, tetrakistriphenyl phosphine palladi um
1- 5 hydr oxgobakydrpagBreyandazisodilfehpl dd AdpLdgyepis-1-carboxylic

et hyl car bodi L ot de. hydr,egh hdeqi Ide, i _mam de or
ot are of “Phdeat (S L] a1 g ER e R o Y ot ogr aphy
(Et hyl acet abeptiethbhbydmefhanas) inntbedpresengseo@dc dimedhyidesbiduwdpound

(I'). A subject.aqf ' ly ' f.l n I re naw crystalline
fornms which é%lﬁbtkggeéﬂgﬁgkéggﬁggé gogkﬂgﬁg ﬁgﬁﬁﬁgﬁghfghn1 The solid
fornms, arkd i hygackiybehaptirhezpher andedt(iBcdlimes hyleticioprogar )hade nore t han

ore oryetal | LORySRE bl i HORs ok RaSal e O AR MR Uy o phous
dimethylformamide or a mixture of these two solvents. The
product is purified by chromatography (Ethyl
acetate/dichloromethane) in order to produce amorphous

10 compound (I).

A subject of the invention is to find one or more new
crystalline forms which do not have the drawbacks of the
amorphous form.

The solid forms, and in particular the pharmaceutical

15 products, can have more than one crystalline form. This is
what is called polymorphism. .
The polymorphous forms of the same molecule in general
- show different physical properties such as solubility,
hygroscopicity and stability. It should be noted that for
20 the moment methods do not exist which allow the existence of
such-and-such a polymorph, nor their physical properties to
be predicted.

Obtaining new polymorphous forms of molecules having a
therapeutic activity is of great interest to the

25 pharmaceutical industry in particular from the point of view
of their preparation on an industrial scale, their use in
pharmaceutical compositions, the search for better stability
and better bioavailabilty. (Byrn, S.R., Solid-State
Chemistry of Drugs, New York, Academ. Press (1982); Kuhnert-

30 Brandstatter, M, Thermomicroscopy In the Analysis of
Pharmaceuticals, New York, Pergamon Press (1971); J. Halebian
et al. J. Pharm. Science (1969) wvol 58(8) 911; J. Halebian et
al. J. Pharm. Science (1975) vol 64(8) 1269-1288).

By polymorphous form is meant all asolvated forms of a

35 crystallized molecule, and by pseudo-polymorphous form all



&

show di fferent physical properties such as solubility, hygroscopicity and
stability. It should be noted that for 20 the nonent nethods do not exi st
whi ch all ow the exi stence of such-and-such a pol ynorph, nor their physical
properties to be predicted. Obtaining new pa8lynorphous forms of nolecul es
having a therapeutic activity is of great interest to the 25 pharnaceuti cal
I ndustry i n paxltvaddarfdmona t he point of view of their preparation on an

T R et R R M RN
Chenmi stry of flrliigsys:New York, Academ Press (1982); Kuhnert- 30
Cranstater M, D RSP e MRSl LI DRl P 2ol
vol 58(8)591kcahnihig ehilwrigietty) 1.2 Rharfnmdeo £nelge (dXStaneé 64(8e
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forns. capsule. The analysis is carried out, accompanied by
flushing with nitrogen, from 25 to 350°C at a rate of
temperature rise of 20°C/mn.

10 IR (Infrared): The substance to be studied is dispersed
in liquid paraffin oil. The analysis is carried out on a
Fourier transform infrared (FTIR) spectrophotometer from 4000
to 600 cm™.

XR (powder X-ray diffraction): The substance to be

15 studied is distributed in the compartment of a glass sample
holder. The analysis is carried out by scanning from 2° to
38°(2 theta) with a step of 0.02° and counting for 1 second
per step. The X-ray source is a Cuivre tube (45kV, 30mA).

The Applicant has revealed two new crystalline forms

20 (form A and form B). Form A which is anhydrous and form B
which is hydrated. The crystalline form A has, in addition
to the advantages mentioned above, an absence of
hygroscopicity (see the test below).

Therefore, firstly a subject of the invention is a new

25 crystalline form of anhydrous 1S-[lalpha(2S*, 3R*),
9alpha]6,10-dioxo-N-(2-ethoxy-5-oxo-tetrahydro~-3-furanyl) -
9[[(1—isoquinolyl)carbonyl]amino]octahydro—6H—piridazino[1,2—
a] [1,2] diazepin-l-carboxamide which is called form A.

This form A has the following characteristics:
30 Crystalline system: triclinic
a (A): 8.02; b (A): 9.21; ¢ (A) 17.70; alpha (degree):
91.38; beta (degree): 93.62; gamma (degree): 90.43; space
group Pl; Z 2. '
A subject of the invention is also a new crystalline
35 form of hydrated ls—[lalpha(ZS*,3R*),9alpha]6,10—dioxo—N—(2—
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The nethods for analyzing the crystalline forns are as follows: Thermal
behaviour: it is determned by DSC (differential 5 scanning calorinetry): 2
to 5 ng of the substance to be studied is weighed into a non-hernetically
seal ed al.um nium capsule. The analysis is carried out, acconpanied by
flushing with nitrogen, from25 to 350[err]C at a rate of tenperature rise
of 20[err] ¢ mtholy-5-oxo-teR ydhfdr-eih fuddrey kb3l htbei soghinsiyl) ed is

di spersed in f e t, Four i
fr anaf or m | nfFAEN R Ayt A dakiEbl + S kbl 2R pFPthre
(powder X—rawaﬂﬁﬂmdmn@hlcﬁasmmt}tgmm_ﬁ 15 istudl ed is di st(rjl bu: eg
I n the conpar t, of | as | e h er e analysis is carried ou y
scanni ng PPOEI 2 das LG, Chard A =02[err] and counting
for 1 secbnd per %@anﬂ}dﬁéusawcsmﬂm&iidsf ?fdlmmzﬁ tIJ)(o,fe eﬁélﬁkﬁ/epﬁﬂ}&&)byg]e
| i cant has Jev wo ne talli or s ormA an orm
églrom A whi ch 9°¢ aerﬁlaf zihodg o]rrﬁf %ﬁo‘?lso"ﬁycﬁ%ﬁf 4. S%Célér‘flst alline
form A has, |dry@d11ﬂﬂume tﬂbﬂnhe(mivﬁm)agesrmrphﬁmlanbavaara@feﬁb§eﬂ@§ 8te

Y9 0SCOPI ¢! 38D o Sn BREPTAL O] TS1d a8 Ry Bet of the

DSC: Endothermal melting point from 168°C.
10 IR (nujol, cm™}): 3253; 1789; 1702; 1681; 1644
XR (d,A): 17.73; 8.87; 8.11; 7.50; 7.17; 6.31; 6.09; 5.81.

Form B has the following characteristics:

The hydrated compound of formula (I), as prepared by one

of the methods indicated below, has a specific crystalline

15 form (form B). The physical characteristics are described in
Figures 1B (DSC) 2B (IR) and 3B (XR).
DSC: Endothermal dehydration between 50 and 110°C and between
110 and 130°C. An endothermal melting point from 162°C is |
observed.

20 IR (nujol, cm™): 3569; 3447; 3322; 1778; 1682; 1660
XR (d,A): 11.34; 10.80; 10.06; 7.59; 7.16; 6.71; 6.41; 6.11;
5.44.

Therefore a subject of the invention is form A as
defined previously having at least one of the following

25 characteristics and preferably all the following
characteristics:

a) Endothermal melting point from 168°C,
b) infrared spectrum having characteristic absorptions at
approximately (nujol, cm™!): 3253; 1789; '1702; 1681; 1644,

30 ¢) XR diffraction pattern having characteristic interlattice
spacings equal to (d,A): 17.73; 8.87; 8.11; 7.50; 7.17; 6.31;
6.09; 5.81.

A more particular subject of the invention is form A as
defined previously having an infrared spectrum substantially

35 identical to that of Figure 2A and an X-ray diffraction



25 crystalline formof anhydrous 1S-[I al pha(2S*,3R*),

9al pha] 6, 10- di oxo- N- ( 2- et hoxy- 5- oxo-t etrahydro- 3-furanyl) -

9[ [ (1-isoqui nol yl)carbonyl ] am no] oct ahydr o- 6H pi ri dazi no[ 1, 2- a][1, 2]
di azepi n- 1- carboxam de which is called fornbA This form A has the

foll owi ng characteristics: 30 ~ Crystalline system triclinic a (A):
8.02; b (A : pPatxerrc ulstEnti®llay pmer(@egﬂeet)o P1aB&t bEi@ttl(df@AEe):
93.62; gamma (degre 43 t e

i nvention is also aegﬁleve%%r ystfal | n or m o% %lscféaféejﬁ%e]g 28! adPfned

18—[1a|pha(ZSTGﬂ?QQSlM[ﬁ&ﬁﬂh@l&tﬂkﬁa&ﬂ*dﬂb of the following
gg?géﬁyf] g)r(nonoeaz)Ir aéjcﬁqrd'r p| r az?%%’{a%jjzégﬁﬂlr%gl%zfe llo"iin%ar boxam' de
which is gal Icéx;hrfacortra:ﬁstﬁmsm A has the follow ng characteristics:
o enhyc ous, o 1,1 M8 S5 BigBe ey ol L o et
characteri st ild® arel dsrTd kadl ian Rrglotse dde | BE)) t 2fy (pR)nantr A (&R C,
b) infrared spectrum of form B having characteristic
absorptions at approximately (nujol, cm™): 3569; 3447; 3322;
10 1778; 1682; 1660,
c) XR diffraction pattern of form B having characteristic
interlattice spacings equal to (d,A): 11.34; 10.80; 10.06;
7.59; 7.16; 6.71; 6.41; 6.11; 5.44.

A more particular subject of the invention is also form

N

15 B as defined previously having an infrared spectrum
substantially identical to that of Figure 2B and an XR
diffraction pattern substantially identical to that of Figure
3B.

A subject of the present invention is also a process for

20 the preparation of form A or B, characterized in that the
amorphous compound (I) obtained according to the method
defined above is dissolved in an organic solvent or a mixture
of these solvents, and in particular at ambient temperature,
and after crystallization the expected form A or B is

25 obtained.

Form A is preferably obtained by crystallization from an
alcohol or an ether and in particular isopropyl ether,
butanol or isopropanol.

Form A is also obtained by crystallization from a

30 mixture of these solvents, in particular from an
ethanol/isopropyl ether mixture.

Form B is quite particularly obtained by crystallization
from toluene.

Obtaining the expected forms A or B can be, if

35 appropriate, initiated by seeding the solution with a few
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DSC.. Endot hermal nmelting point from168[err]C. 10 IR (nujol, cnferr])

3253; 1789; 1702; 1681; 1644 XR (d,A): 17.73; 8.87; 8.11; 7.50; 7.17; 6.31;
6.09; 5.81. Form B has the follow ng characteristics: The hydrated conpound
of fornmula (1), as prepared by one of the nethods indicated below, has a
specific crystalline 15 form (formB). The physical characteristics are

descri bed i nchygireds B (oSG XbH IR)reapbd3B edy). DSC. Endot her nal
e R
cnierr]) @ 35@3hodiAknciSRRo b7 FRirskiBA kiGN X (thd exrf )b-; egl- g4; ﬁg 80;
nvonti on s 1 or RS E SR AT Tk i 0% GRTPUREA f (gemuLa
fol | owi ngS 25 (Ighdvawet ehestsatke ahe furhariablacwlVidies f08 b $W described
cpect rum haviy CRRTERPR SOPPUSEbr g oo e At I B 105 and
cnferr]) @ 3%6¥5/868398.1702; 1681; 1644, 30 c) XR diffraCFlon pattern
51107 m0r 29t 37 ek, WV W SRR Sy ' (et fanded Teakinl’
lbeta conversion enzyme) and are particularly useful in the
10 treatment of inflammatory, auto-immune and neurodegenerative
diseases.
Therefore a subject of the invention is the crystalline
forms A or B as described previously as a medicament.
The crystalline forms A or B of the compound of formula
15 (I) can be used by oral, parenteral, topical route, by
inhalation, or via implants. They can be prescribed in the
form of plain or sugar-coated tablets, gelatin capsules,
granules, suppositories, pessaries, injectable preparations,
ointments, creams, gels, microspheres, implants, patches,
20 which are prepared according to the usual methods.
The crystalline forms A or B of the compound of formula
(I) can be mixed with excipients, diluents and all vehicles
known to a person skilled in the art for the manufacture of
pharmaceutical compositions. As examples of excipients
25 usually used in these pharmaceutical compositions the
following can be mentioned: talc, gum arabic, lactose,
starch, magnesium stearate, cacao butter, agueous oOr non-
aqueous vehicles, fatty substances of animal or vegetable
origin, paraffin derivatives, glycols, various wetting,
30 dispersing or emulsifying agents, preservatives.
The invention therefore extends to the pharmaceutical
compositions containing as active ingredient at least one of
the crystalline forms A or B of the compound of formula (I)
as defined above and one or more pharmaceutically acceptable

35 excipients, diluents or supports.



-

6.09; 5.81. A nore particular subject of the invention is formA as defined
previously having an infrared spectrumsubstantially 35 identical to that
of Figure 2A and an X-ray diffraction S pattern substantially identical
to that of Figure 3A. A subject of the inveition is also formB as defined
previously having at |east one of the follow ng characteristics and
preferably all thédseumidanaly thheharemieiosticssals) tneotderofl the

cearation heieen S BPLEID] o a0 A5 vEsRdi 08 A30hete] 6 ancan
havi ng char actedrirstd @kabsorfuin dritee gireppraxiomtet ya (mef déament etn ¢nd83600
ST 522 D RS S L a5 0P A0 SE BB
7.59; 7.18, 6.71;Theﬁfoﬂidwﬂndiekhmp&éﬁﬂiﬂxuﬁﬁf£wt:§?ﬁ;b%ﬁ@?%??g}ggthout
;B\égm L%n IS h%lwségré‘rorl@mli iI%gasitd_efl ned previously
EXAMPLE 1: Obtaining form A by crystallization from n-
butanol.
1.5 ml of n-butanol is added to 300 mg of amorphous
10 compound I (obtained according to the method described in the
Application WO9722619) and the reaction medium is agitated
for 2 hours and 15 minutes. Crystallization of the product
is observed, which product is separated and dried at 20°C
under 4mbars. 160 mg of the anhydrous compound of formula
15 (I) (form A) is obtained. '
EXAMPLE 2: Obtaining form A by crystallization from
isopropanol.
1.5 ml of isopropanol is added to 300 mg of amorphous
compound I (obtained according to the method described in the
20 Application W09722619) and the reaction medium is agitated at
ambient temperature for 16 hours. Crystallization of the
product is observed, which product is separated and dried at
20°C under 4mbars. 166 mg of the anhydrous compound of
formula (I) (form A) is obtained.
25 EXAMPLE 3: Obtaining form B by crystallization from toluene.
1.5 ml of toluene is added to 300 mg of amorphous
compound I (obtained according to the method described in the
Application W09722619) and the reaction medium is agitated at
ambient temperature for 16 hours. Crysfallization of the
30 product is observed, which product is separated and dried at
20°C under 4mbars. The hydrated compound of formula (I)
(form B) is obtained.
EXAMPLE 4: Obtaining form A by crystallization from an
isopropyl ether/ethanol mixture.

35 23.8 ml of absolute ethanol is added, under nitrogen and
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substantially identical to that of Figure 2B and an XR diffraction pattern
substantially identical to that of Figure 3B. A subject of the present
invention is also a process for 20 the preparation of formA or B,
characterized in that the anorphous corrpoun@l (I') obtained according to the
met hod defi ned .above is dissolved in an organic solvent or a m xture of

these sol ven®Iitatd o & thilod & oft ARV GRping el DarrPd ke

crystal lizat isQRpeh® i aE edAtUdIND B0 BIT 25 AN SR &S _
preferably obtained by crystallization froman al cohol or_an ether and in

‘particul ar | SOPUEHPN-et H&E SUHHAAN drS ieRPrShABIN ForéR A2 Cal e obt ai ned
by crystallizatisem11rHema 30 il Xiiis ffed NGRE SR tvseﬂéuicsﬁ' Parhd oW 2 ndgom

' articularly obtai ned

an et hanol /i sopropyl ether mxture. FormB is quite |
by crystabli Z&% dn iougmatoltderfe tegetiativgs « hé['q'eﬁ(i‘peh 2dn¥ eHsigop¥oRytan

be, if 35 apRi@R aleaddid i 1y igRAIY dheFal 34t oy Wi 8- d 8% i on

medium is maintained for 15 minutes at this temperature,
followed by cooling down to 20°+2°C over 15 minutes,
maintaining for 1 hour under these conditions, then cooling

10 down again to 0°,+5°C over 15 minutes and maintaining for 2
hours. The reaction medium is separated, washed with
isopropyl ether, dried under reduced pressure at 20°C for 12
hours and 11.3 g of the anhydrous compound of formula (I)
(form A) is obtained.

15 Hygroscopicity curve (or water sorption isotherm)

The water sorption isotherms were obtained using a
Dynamic Vapor Sorption DVS 1 device (Surface Measurements
System Ltd) at a constant temperature and under a more or
less hydrated nitrogen atmosphere. The degree of relative
20 humidity (RH) of the atmosphere was modified in stages. The
passage from one stage to the next is carried out when the
weight of the sample to be analyzed has reached a constant

value.
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6 crystals of formA or B respectively. Isolation of forns Aor Bis
carried out according to nethods known to a person skilled in the art. The
crystalline forms A or B of the conpound of fornula 5 (1) have the sane

t herapeutic activities as those described f8r anorphous compound (I) in the
Appl i cation W97/22169 and W95/ 35308. They have an inhibitory activity on
| CE (interleukin- |beta conversion enzyne) and are particularly useful in

t he 10 tr eat peat—of—t+nAHHearratory—autg—ruRe—anrd—hReurodegenerative
di seases. Thereforg a subject of the ijnvention is the crystalline forns A
or B as descfibed previ csdyrrcus nedi|cANEEDROTBe FORMS Bal | HRBRADE DS FAREN BB
of the compound of [formula 15 (1) can be used by oral, parenteral ., topical
route, by inhalatign, or via inplants.| They can be presctibed in fhe form
of pl aln or Sﬂlga(r%')cOﬁrﬁ@ié@)lﬁgérptg.gllx Cltéo@ Qmsubgssbr gi gy S%?.‘ptlon Desorption
suppositorieg, pesdaries, |1|ectable preparatlons 0|ntnPnts Crepns, g§1s,
m crospheres| inplants, patc¢hes, whi ch ar e prepared according to the
usual rmet hods§. T cr I 1'{ne_fo Ao of npound, of . fofnmula_(l)
tanbe i wodl w1 xc?splb t$, d|BI Egﬁt 6Bl | voi dlanCy " %o of MG
12.0 0.67 1.4 0.03 0.12 1.41 1.42
21.0 0.97 2.09 0.05 0.14 2.36 2.33
32.0 1.29 2.58 0.07 0.19 3.23 3.14
43.0 1.60 2.94 0.09 0.21 3.88 3.75
W 51.0 1.83 3.19 0.11 0.22 4.26 4.13
57.0 2.03 3.35 0.13 0.21 4.53 4.40
66.0 2.37 3.61 0.14 0.21 4.92 4.775
75.0 2.90 3.90 0.14 0.21 5.27 5.08
80.0 3.71 4.12 0.16 0.21 5.45 5.30
90.0 5.11 4.94 0.14 0.19 5.93 5.96
96.0 5.93 5.93 0.06 0.06 6.86 6.86

During the sorption cycle form A is not hygroscopic (< 0.2
5 %). The non-hygroscopicity was confirmed by leaving a sample
~— for 7 days in a chamber at 96 % relative humidity (at 32°C).
An absorption of water of approximately 0.15 % was observed.
The hydrated form (form B) is more hygroscopic (7 % water)
under the same conditions. The same situation pertains

10 regarding the amorphous form.



known to a person skilled in the art for the manufacture of pharnaceuti cal
conpositions. As exanples of excipients 25 wusually used in these

phar maceut i cal comosﬂm“nﬂg‘mmmmlum& ng can be nmentioned: talc, gum
arabic, |actose, star arat e,0 cacao butter, aqueous or non-
aqueous vehicles, fatty substafced of aninmal. or vegetable origin, paraffin
derivatives, glycols, various wetting, 30 dispersing or emulsifying
agents, preservatives. The invention thergfore extends to the
pharmaceutical conpositions containing a qﬁaingredlent at | east one of
the crystalliwe drg/stniA iffe Bdtim td¥e HaRoss of st prabhiea (23 asrdgef i ned
above and one or nore pharnmaceutically ‘acceptable 35 excipients, diluents
or supports. dalphad Guff)wkioxF N2 igihany o exoat eorathed vee3ofuraeyl) -

crystallige fﬂr[@-&ﬂqgrﬁl _ﬂ}f‘caf?fﬂmﬁ}if‘]dar@ﬂ;ncfi]f%c”%‘én %%%*?%%PPI&QE%@P?)’?—

for the preparation o medi canment I'nt'en

(interl euki n2lddt-2 Jedmzapsiron wanhananice vifggm ) . The fol | owi ng
exanpl es i |1 g5t iaLe (N8 iy G P b M S - JEVeNET [ 11 TR sk L3rsy,

9alpha]l 6, 10-dioxo~-N-(2-ethoxy-5-oxo-tetrahydro-3-furanyl) -

9[[(1l-isoquinolyl)carbonyl]amino] octahydro-6H-piridazino[1, 2-

10 aJ[l,2]diazepin~-l-carboxamide  (form A) according to claim 1
having at least one of the following characteristics:

a) Endothermal melting point from 168°C,
b) infrared spectrum having characteristic absorptions at
approximately (nujol, cm™): 3253; 1789; 1702; 1681; 1644,

15 «¢) XR diffraction pattern having characteristic interlattice
spacings equal to (d,A): 17.73; 8.87; 8.11; 7.50; 7.17; 6.31;
6.09; 5.81.

3) Crystalline form of anhydrous 1S-[lalpha(2S*, 3R*),
9alpha]6,10—dioxo—N—(2—ethoxy—5—oxo—tetrahydro—3—furanyl)—

20 9[[(1—isoquinolyl)carbonyl]amino]octahydro—GH—piridazino[1,2—
al}[1l,2]diazepin-l-carboxamide (form A) as defined in claim 2
having the characteristics a, b and c.

4) Crystalline form of anhydrous 1S-[lalpha (2S*,3R*),

N 9alpha]6,10—dioxo—N—(2—ethoxy—S—oxo—tetrahydro—3—furanyl)—

25 9[[(1—isoquinolyl)carbonyl]amino]octahydro—6H—piridazino[1,2—
al[l,2]diazepin-l-carboxamide (form A) as defined in claim 2
or 3, having an infrared spectrum substantially identical to
that of Figure 2A and an XR diffraction pattern substantially
identical to that of Figure 3A.

30 5) Crystalline form of hydrated 1S-[lalpha(28*, 3R*),
9alpha]6,10—dioxo—N—(2—ethoxy—5—oxo—tetrahydro—3—furanyl)—
9[[(1—isoquinolyl)carbonyl]amino]octahydro—GH—piridazino[1,2—
al[l,2]diazepin-l-carboxamide (Form B).

6) Crystalline form of hydrated 1S-[lalpha (2S*,3R*),
35 9alpha]6,10—dioxo—N—(2—ethoxy—5—oxo—tetrahydro—3—furanyl)—
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EXAMPLE 1: Obtaining formA by crystallization from n- bﬂlmmmml,am”“u
n-butanol is added to 300 ng of anorphous 10 conpound | i | ,ng
to the method described in the Application WX0722619) and t_rfe readti &én *
mediumis agitated for 2 hours and 15 mnutlds. Crystallization of the

product is observed, which product is separated and dried at 20[err]C under
Anbars. 160 r?d[dflTlW@%H&QifﬁdsCétﬁhﬂjb{McP%]fnqkﬁﬁﬂfayqlso-ﬁg')p#_ mmo[t,lz—
obtai ned. E E 23: qgez}g | ng Vae T Vsd atlon- 4.0/ s0p{ ngl .
1.5 m of i ?%gﬁgﬁgﬁ&l | S algidjeld ({%%Bo%lﬁlgd%f ygérrprp )(Z)U_S conpound C? é()o%jf]rgl ned
accordi ng t o eydngertiod adedcransedf thehef JOLAping cehd actWOe7225d9) and t he

reaction ”Edhqmﬂdad%ﬂéfﬁé¥j&Ehj@?ﬁé?&nté%?%%éﬁtﬁﬁ*J&HLéfb*E“ﬁﬁa between

Crystal lization of the product “i s observed, . prqd i S separafed and
dried at 20[ &0 @ngnda0 “frisards ent3s haymefl il timiy draiust chrpouhel U, f or nul a

I formA 'S'glﬁ%i : EXAMR : Iniang farm B by crystallization
1£r2)m(tol uenZa.bl)l.l m JEJ(F)éf‘%ldtscﬁ?e&%ene [ s%d%e%ﬂ%%&r}%b '%}a%a ff%?fb% l%orrpound I
(obt ai ned acéebsdinpgitomst e gk igegerlibethujot hecrPpt | Ba6PEN3NMI723629)

and the reactliﬁ%,rr%qgﬁgrp i1566%qi tated at anbient tenperature for 16 hours.

Crystal lization 6f t
c) XR diffraction pattern of form B having characteristic

10 interlattice spacings equal to (d,A): 11.34; 10.80; 10.06;
7.59; 7.16; 6.71; 6.41; 6.11; 5.44.
7) Crystalline form of hydrated 1S-[lalpha(2S*, 3R*),
9alpha]6,10—dioxo—N—(2—ethoxy—5—oxo—tetrahydro—3—furanyl)—
9[[(1—isoquinolyl)carbonyl]amino]octahydro—GH—piridazino[1,2—
15 al[1l,2]diazepin-l1-carboxamide (form B) as defined in claim 6,
having characferistics a, b and c.
8) Crystalline form of hydrated 1S-[lalpha (2S8*, 3R*),
9alpha]6,10—dioxo—N—(2—ethoxy—5—oxo—tetrahydro—B—furanyl)—
9[[(l—isoquinolyl)carbonyl]amino]octahydro—GH—piridazino[1,2—
20 alll,2] diazepin-l-carboxamide (form B) as defined in claim 6
or 7, having an infrared spectrum substantially identical to
that of Figure 2B and an XR diffraction pattern substantially
-identical to that of Figure 3B.
9) Process for the preparation of form A or B as defined in
25 any one of claims 1 to 8, characterized in that amorphous 1S-
[lalpha(ZS*,BR*),9alpha]6,10—dioxo—N—(2—ethoxy—5—oxo—
tetrahydro—3—furanyl)—9[[(1—isoquinolyl)carbonyl]
amino]octahydro—GH—piridazino[1,2—a][1,2] diazepin-1-
carboxamide is mixed in an appropriate organic solvent or in
30 a mixture of these solvents, in particular at ambient
temperature, and after crystallization the expected form A or
B is obtained.
10) Process for the preparation of form A, according to claim
9, characterized in that the solvent is an ether and in

35 particular isopropyl ether.
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30 product is observed, which product is separated and red at 20[err]C
under 4nbars. The hydrated conpound of formula (I) (fodﬂ!’ﬂ”’ﬂ wmmlmm
EXAMPLE 4: Obtaining formA by crystallization froman‘kg N

et her/ et hanol m xture. 35 23.8 nl ofiabsol ute. ethanol is added,’
under nitrogen and 8 agitation, to 11.9 g of anorphous conpound (1) and
the suspensi an) eheaiad far BHergiberad fon Noprdefmt R HOESHALAGSOLUEL AN
The solution js cooled down to 40[err]2[err]C, the crystallization is
initiated andt FEEATHSOZSS Haithas idie ssebyent nbairamtaiaphol eapdr 4hur e.

Then 119 M QfartSIQRAIIGY In-d@inds AddeshOv@badel M nutes at 40[err]2[err]C
and the reactign nediumis maintained for I5 mnutes at this tenperature,

fol l oned by dddl iFPIRA G e myenarajionvef Iormihutesconding atai agaior
1 hour unger ¢ h reTelelol e . i i .
O[err], +5?er r%'C%ggaer 15 Itr?iér%irﬁelsﬁ an 1?natoél)[lﬁ% g%ng%%%@ﬁ%ﬂr{sg Cr%]ér%%%c?’ilgn
medi um i s sepdr & & xtwasharf wildohasbmmopyethethend din gobrnienl aedinean
pressure at %Q[h%rr{dlgfsqu%ﬁo%&eaannijgtgrg of the anhydrous conpound of

) .

formula (I

13) Process for the preparation of form B, according to claim
9, characterized in that the solvent is toluene.

10 14) As a medicament the crystalline forms A or B as defined
in claims 1 to 8.

(W 15) Pharmaceutical compositiéns containing at least one
medicament as defined in claim 13 and one or more
pharmaceutically acceptable excipients, diluents or supports.

15 16) Use of the crystalline forms as defined in any one of
claims 1 to 8, for the preparation of a medicament intended
to inhibit ICE (interleukin-lbeta conversion enzyme)

activity.



-(formA) is obtained. 15 Hygroscopicity curve (or water sorption isotherm
The water sorption isotherns were .obtained using a Dynam ¢ Vapor Sorption
BVS 1 device (Surface Measurenents System Ltd) at a constant tenperature
“and under a nore or |ess hydrated nitrogen atnosphere. The degree of
relative 20 humdity (RH) of the atnosphere was nodified in stages. The
passage from one stage to the next is carri-ed out when the weight of the

sanple to be anal yzed has reached a constfpg val ue. 9 AMORPHOUS
ANHYDROUS FORM A HYDRATED FORM B RH (% ‘Sorption Desorption Sorption
Desorption Sorption Desorption 0.0 0.00 -0.20 0,00 0.11
0. 00 -0.11 32.0 0. 67 1.48 0.03 0.12 1.p1
1.42 21.0 0. 97 2.09 0. 05 0.14 2. 36 2.B3 32.0
1. 29 2.58 0. 07 0.19 3.23 3.14 43.0 1.60
2. 94 0. 09 0.21 3.88 3.75 51.0 1.83 3.1
0.11 0.22 4. 26 4.13 57.0 2.03 3.35 O.Iig
0.21 4.53 4. 40
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66. 0
3.90
Q. 16
0.19
6. 86

2. 37 3.61 0.14 0.21. 4.92 4.75 75.0 2. 90
0.14 0.21 5. 27 5.08 80.0 3.71 4.12
0.21 5.45 5.30 90.0 5.11 4. 94 0.14
5.93 5.96 96.0 5.93 5.93 0. 06 - 0.06

6.86 During the sorption cycle formA is not hygroscopic (< 0.2 5

% . The non-hygroscopicity was confirned by |leaving a sanple for 7 days in
a chanber at 96 %relative humdity (26}:'[ 32[err]C). An absorption of water

of approxi mately 0.15 % was observed.
hygroscopic (7 % water) under the sane

he hydrated form (formB) is npre
conditions. The sane situatiopg

pertains 10 regarding the aprprphous form 10 CLAIMS 1) Crystalllnlg form
of anhydrous 1S-[ 13
. 9al pha] 6, 10- di oxo- N- £2=efhaox\i- -beo t et rahydro- 3-furanyl) -
o[ [ (1-i soqui reEsgl)caripnyl,] ani nd] oct ahydr o- 6 pi ri dazi no[ 1, 2-
al[1, 2] di azepl roX‘a'm de (fO_[m A. 2) Crystalline form of anhydy ous
. 1S-[ 1al pha(2S*, 3R* i =3
9al pha] 6, 10- di ox0- N- (2= S—oxo—teftat glr o- 3-furanyl) - -
= L &
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9[} (1-i soqui nol yl ) car bonyl ] ami no] oct ahydr o- 6H pi ri dazi no[ 1, 2- 10

a] [ 1, 2] di azepi n- 1- carboxami de (form A) according to claim1 having at | east

one of the follow ng characteristics:
infrared spectrum having characteristic absorptions at
1681; 1644, 15 c) XR

168C, b)

approxi mately (nujol,
diffraction pattern having characteristic interlattice spacings equal

(d,A): 17.73; 8.87; 8.11; 7.50; 7.17; 6.3

a) Endot her nmal

cnerr]): 3253; 1789; 1702,

mel ting point from

to

/66.09; 5.81. 3) Crystalline form

pha(2S* 3R*) .

of anhydrous 1S- :
9al pha] 6, 10- di oxp- N- ( 2- et hoxy- 5- oxo- t'et r ahydr o- 3-furanyt)=r20
O9[[ (1-isoquinoly|)carbonyl]am no] octahydro-6H piridazi no[ Is512-z- i
al[1, 2] di azepi n-f-carboxanm de (form A) as defined in claim2 haw ng the
characteristics g, b and c. 4) Crystalline form of anhydrous - 0
1S-[ 1al pha(2S*, 3R*), seste- -
9al pha] 6, 10- di oxjo- N- ( 2- et hoxy- 5- oxo-tetrahydro-3-furanyl)- 25 i
9[ [ (1-i soqui nol yfl ) car bonyl ] ani no] oct ahydr o- 6H pi ri dazi no[f33 2~ -
al[1, 2] di azepi n-{1- car boxam de (form A) as defined in claim2 or$ 3, Hhaving
an infrared spegtrum substantially identical to that of Figurg 2A arld an XR
diffraction pattfjern substantially identical to that of Figure SA 3G-%)
Crystalline form of hydrated 1S-[lal pha(2S*, 3R*), 9akghal6 <di oxo{N-
(2- et hoxy- 5- oxoH et rahydr o- 3-furanyl) - o
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é[s.E (1-i soqui nol yl ) car bonyl ] am no] oct ahydr o- 6H- pi ri dazi no[ 1, 2-
all 1, 2] di azepi n-1-carboxam de (FormB). 6) Crystalline formof hydrated

1S-[ 1al pha(2S*, 3R*), 35
9al pha] 6, 10- di oxo- N- ( 2- et hoxy- 5- oxo-t et rahydr o- 3-furanyl ) - 11

9[[ (1-isoqui nol-yl)carbonyl ] am no] oct ahydr o- 6H pi ri dazi no[ 1, 2-

al[1, 2] di azepi n- 1-carboxam de (form B) according to claimb5, having at

| east one of the followi ng characteristicg,a) Endothernmal dehydration
bet ween 50 and 110[err] C and between 5 11(?{ and 130[err] C and endot her nmal

melting point from162[err]C, b) infrared spectrumof form B having
i (auiol . _cnferr]): 3569; 3447;

characteristic [abSorprtromnms—at y
3322; 1778; 16§2; 1660, c) XR diffragtion pattern of form B havin
characteristic{l10 interlattice spacin equal to (d,A): 11.34; (0. 80;
10.06; 7.59; 7j16; 6.71; 6.41; 6.11; 5.4 7) Crystalline form of} hydrated
1S-[ lal pha(2S* |3R*), o
9al pha] 6, 10- di pxo- N- ( 2- et hoxy- 5- oxo-t et rahyqr o- 3-furanyl ) - —~10
9[ [ (1-isoqui nofyl)carbonyl]am no] oct ahydr o- piridazino[1,2- 15} &
al[1, 2] di azepi p- 1-carboxam de (form B) as defSned in claim§6,
\ . [ ]
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hayi ng characteristics a, b and c.

1S:-[ lal pha(2S*, 3R*),
9al pha] 6, 10- di oxo- N- (2- et hoxy- 5- oxo- t etr ahydro- 3-furanyl ) -

8) Crystalline formof hydrated

9[[(1-isoquinolyl)carbonyl]am no] octahydro-6Hpiridazino[1l,2- 20 a][1,2]

di azepi n- 1-carboxam de (form B) as defined in claim®6 or 7, having an
infrared spectrum substantially identical to that of Figure 2B and an
diffraction pattern substantially iden%(gal to that of Figure 3B. 9)

Process for the preparation of formA
claims 1 to 8, characterized in that anorphous 1S-

XR

B as defined in 25 -any one of

d
in

cm-1

[ 1al pha(2S*, 3R*), 9al pha] 6, 10- di oxo- N- ( 2- et hoxy- 5- oxo- S
tetrahydro-3-furanyl)-9[ [ ( 1<ssant ot§T) car bonyl ] [
ani no] oct ahydr o- 6F+-J o[1~§ a][1,2] diazepin-1- carboxanide is mjxe
in an appropriate : 0 vant or in 30 a mxture of these solventsg,
parti cul ar sl and after crystallization the expected
formA or B is OE=arned. E)) Process for the preparation of formA
according to claiff ckaracterized |n that the solvent is an ether anfl in
35 particul ar |sopropyl .
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124 11) Process for the preparation of formA according to claim?9,
characterized in that the solvent is an alcohol and in particular n-butanol
or isopropanol. 12) Process for the preparation of formA, according to
claim5 9, characterized in that the crystallization is carried out in a

m xture of al cohol and ether and in particular in an ethanol /i sopropyl
ether m xture. 13) Process for the preparation of formB, according to
claim9, characterized in that the sol ventslic?s toluene. 10 14) As a

medi canent the crystalline forns A or B as’'defined in clains 1 to 8. 15)

Phar maceut i cal clonpositions containi ng at [ east rone medicanmentoas def i ned
in claim13 and Jone or nore pharmaceutically acceptabl e excipients, {
di luents or suppgorts. 15 16) Use of the crystalline fornms as de ined-i\un any
one of clainms 1jto 8, for the preparation of a nedicanment intepded tjom
inhibit I1CE (intlerleukin-|beta conversion enzyne) activity. [
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