Nal mef ene Hydrochl oride D hydrate The present invention relates to a novel
non- hygroscopi ¢ form of Nal nef ene Hydrochl ori de, nanely Nal nmef ene

hydr ochl owoadeiodichydr ate, in particular for oral dosage Pormx2o0endosret hods
for its production. Background Nal nefene is a known opioid receptor

ant agoni st whi ch can inhi bit_pharmacol ogi cal effects of both adm nistered
opi oi d agdmaefene HydeorhderddsDEhydratuced agoni sts from the opioid system
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for use iﬁoﬁaﬁ%f‘f‘fﬁﬁaﬁ@rf@ﬁ°[1g‘é)sf%éft%Bng[}lgtg’é]pendence, where it has shown good
effectsin doses of 10 to 40 ng taken when the patient believed drinking to
be i mm nent (about 1-2 hours before drinking) (Karhuvaara et al, Al cohol.
Clin. ExpBafkground2007), Vol. 3 1 No. 7. pp 1179-1 187). Additionally,
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position of Naltrexone with a nethylene (CH ) group, which considerably
i ncr easesrespiratory system.

Nalmefene has primarily been developed for use in the management of alcohol

15  dependence, where it has shown good effect in doses of 10 to 40 mg taken when the
patient believed drinking to be imminent (about 1-2 hours before drinking)
(Karhuvaara et al., Alcohol. Clin. Exp. Res., (2007), Vol. 31 No. 7. pp 1179-1187).
Additionally, Nalmefene has also been investigated for the treatment of other
addictions such as pathological gambling and addiction to shopping. In these

20  developmental programs and testing, Nalmefene has been used, for example as a

parental solution (Revex™).

Nalmefene is an opiate derivative similar in structure to the opiate antagonist
Naltrexone. Advantages of Nalmefene relative to Naltrexone include longer half-life,

25  greater oral bioavailability and no observed dose-dependent liver toxicity.

Nalmefene differs from Naltrexone by substitution of the ketone group at the 6-

position of Naltrexone with a methylene (CH») group, which considerably increases

binding affinity to the p-opioid receptor. Nalmefene also has high affinity for the
30  other opioid receptors (k and J receptors), and is known as a "universal antagonist"

for its ability to block all three.



binding affinity to the mopioid receptor. Nal nefene also has high affinity
for the other opioid receptors (K and d receptors), and is known as a

"uni ver savoaotoagenpst " for its ability to block all threerhao®i@so®ocan be
produced according to the nmethod described by Hanh et al., (J Med Chem,

18, 259-262 975) | I'i nckrodt (US 4,751, 307 Mel t er et al., (US
pat ent NolN Cfﬁgf/’; CE%F“FFQTC@% Oa%ﬁ\l}@“?%]rfiq‘%ﬂ@g al.t{He free base
of Nal mef mgebﬁeri?bfl@'ﬁg%zwyﬁi‘ mﬁﬁ&fmqﬁm ﬁﬂ%(ﬁ? HAMALHE O the

hydr ochl or sal t use of conventional méthods.” According to Brittain,

{ Anal yt i cdUS patefi Nest, 5)3‘5 Dr7ug Substances and Exci pients (1996), Vol 24, pp.
351-395) Nal nef ene hydrochl oride can be recrystallized fromwater, gi vi ng a
pure drug substance, which inevitably consists of a nonohydrate crystal

phase. 5 | npyhging aREaBR ¥ IngMWtbh& Aemehy dial& PRaseNaimdisl®heameaydr ochl ori de
is described as essentially non- hygr oscopic since it can only sorb up to 1%

of advent Wi@wgbsmumtlyrcan bTisenyaiied mutotle nfdredidorplesebrty Usswént i on have found
t hat , contrary .t nﬁl] (tahodlterature Nal mef ene hydrochl oride as a nonohydrate
er

is hygr os%orbvlec €15 therefore a need for providing a novel, stable and

non- hygroscopi ¢ hydrate form of Nal amefene and nethods for its
manuf acturing. Summary of the invention Theépresent invention relates to
d
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Nal mef enegivwdy opht drigeibstatyed which:inevitably consists of a monohydrate crystal

phase. In the same review the monohydrate phase of Nalmefene hydrochloride is

described as essentially non-hygroscopic since it can only sorb up to 1% of

adventitious moisture.

15
The inventors of the present invention have found that, contrary to the literature,

Nalmefene hydrochloride as a monohydrate is hygroscopic.

There is therefore a need for providing a novel, stable and non-hygroscopic hydrate

20  form of Nalamefene and methods for its manufacturing.

Summary of the invention
The present invention relates to Nalmefene hydrochloride dihydrate represented by
the formula

25

HCI.2H,0

preferably in a crystalline form. Said Nalmefene hydrochloride dihydrate is non-
hygroscopic



Met hod (1): transformati on of Nal nef ene hydrochl oride into Nal mefene
hydr ochl ori de di hydrate by re-slurry in aqueous solution, exenplified by
wat er, suwb 28m/qaBr9e wat er, and Method (11): recrystalli patriparoefoshabnef ene
hydr ochl ori de in aqueous sol ution, exenplified by water, such as pure
water. The re-slurry nethod (Method |I) conprises the steps of: (1) m xing
Nal nef ene Hydrochl oride (17-(cycl opropyl nethyl)-4,5- a-epoxy- 6-

met hyl enefpe pheRa Birdhér diafls H¥5 aehloas 'ofiﬁt)odﬁﬁﬁg RAURAESe BRIrHHIR e
exenplified by water, such as pure water, optionally,” heating the

m Xt ur e, d@wdmgrlonally, distilling the nlxture (4) stirring the mxture

until transfor ion.Jis c | ete ha such as about 1
nour . suan ae Vo) BafioBufish or Nafhe @B by Eiro R S GES st 2 The
re-crystal | i sahj@BcHIBhEdOdh &{Btew%lsmrrmrﬁaﬁé&ﬁ%omhsn Setx@ﬂﬁhﬁ’édb a) mxing
Nal mef ene hydrochl oride (17-(cycl opropyl nethyl)-4,5- a-epoxy-

met hyl enenor phivater-sgch 4s pirewatgrdangc hl or i de) and aqueous solutlon
exenplified b s t reto
mp bs%/lé)lk,ng?ﬁ; éil ('H)} %g&ot%ﬁw%gn of\q@él fenge l?l}fd{(')%ﬁi 189 in ueg'u d&ﬂlﬁo .

obtain a su enous solu ron a I ati on of

the mxture ob&aﬁmﬂﬁwﬂmyGQmm;@d%f@@qkymgﬁpf the sol ution obtalned in step
(b) or (c), subsequently seeding with Nal mef ene hydrochl oride, and (e)
i solation of the forned solid. A further aspect of the present invention

(Methpg 1iphd ré-ﬁuﬁy %ttﬁl)(ad(l\)ié?h&?ﬁ QfnprisNhe steps of:
(1) mixing Nalmefene Hydrochloride (17-(cyclopropylmethyl)-4,5-a-epoxy-6-
methylenemorphinan-3,14-diol hydrochloride) and aqueous solution, exemplified
by water, such as pure water,
(2) optionally, heating the mixture,

15 (3) optionally, distilling the mixture,

(4) stirring the mixture until transformation is complete, such as less than 1 hour,
such as about 1 hour, such as for at least 1 hour, and

(5) isolating the formed solid.

20  The re-crystallisation method (Method I1) comprises the steps of:

(a) mixing Nalmefene hydrochloride (17-(cyclopropylmethyl)-4,5-a-epoxy-6-
methylenemorphinan-3,14-diol hydrochloride) and aqueous solution,
exemplified by water, such as pure water,

(b) heating of the mixture to obtain a substantially homogenous solution,

25 (c) optionally, distillation of the mixture obtained in (b),

(d) cooling of the solution obtained in step (b) or (c¢), subsequently seeding with

Nalmefene hydrochloride, and

(e) isolation of the formed solid.

30 A further aspect of the present invention (Method III) is a method to recover any
unused Nalmefene from the methods I and II, comprising the steps of:
(1) optionally, distillation of mother liquors obtained from method (I) or (II)
(i)  basification of the mother liquors obtained in step (i), or from the methods (1)

or (II),



unused Nal refene fromthe nmethods |I and Il, conprising the steps of: (i)
optionally, distillation of nother |iquors obtained fromnethod (1) or (I1)
(ii) basiwbeatdossef the nother |iquors obtained in stepcipko0evoshzom t he
met hods (I) or (I1),(iii) extracting the mxture with a suitable organic

solvent, (..v) addin drogen chloride, and. (v) isolating the formed solid
The i nven%lilbn ‘F’EIFEFHg%t dnixfuas Wi ap%‘éf?‘?#ﬁ@égi‘ﬁliccsgﬂVe@brrposi tions conprising

Nal mef ene(;hy dr oehhor{ o di YK RL £ng t he use of Nal mefene hydrochl ori de
dihydrate in medicine, and in particular the use of Nal mefene hydrochl oride

di hydr at e(Wor ishiating gat fioened sflidal cohol dependency. Brief description of the
drawi ngs Figure 1 Shows TGA t hernogram of the Nal nef ene hydrochl ori de
di hydrate. The yaxis shows the percentage in nass, and the X-axis shows

t enperat UTRS inBftlon k@bl 1B]afesPH PRSIVt REP&TRMoSs Behpii AR N aRhefdROC of
Nal mef ene hydrochl oride di hydrate (dry plot). The first y-axis (left) show

t he changbydraciHersde dibydpicydicuse aNglarcsens hydyochlpmide die dethsymodigines (ri ght)
di spl ays . t e re i 1 Qi ) (9 i h -axis show t he
time o R A R A R A SR e B et b BB 4 4T Re bl
line the ghemgeispdndefi®. ation to mass. Figure 3 Shows X-ray powder

di ffract ogram of the Nal nef ene hydrochl oride di hydrate. The y-axis shows
the intensity (counts), and the x-axis shows the 2Theta angle (). Figure 4

Shows | J GARLRE IR U thd §rNeLHET €ne hydrochl ori de nonohydrate. The y-axis
shows t he percent gge i n mass, ag% the x-axis shows tenperatures (0C).
Fi gure 5 Biroves] BMSveXEdr thomndigsarpef fherMathefiine AQOGchibrifiiat g flene Thygr ochl ori de
axis shows the percentage in mass, and the X-axis shows temperatures (°C).
Figure 2 Shows DVS experiments performed at 40°C of Nalmefene hydrochloride
dihydrate (dry plot). The first y-axis (left) show the change in mass relative to
15 anhydrous (%), and the other y-axis (right) displays the targeted relative humidity
(RH)(%), while the x-axis show the time in minutes. The thin line shows the changes
in target RH, and the bold line the changes in relation to mass.
Figure 3 Shows X-ray powder diffractogram of the Nalmefene hydrochloride
dihydrate. The y-axis shows the intensity (counts), and the x-axis shows the 2Theta
20 angle (°).
Figure 4 Shows TGA thermogram of the Nalmefene hydrochloride monohydrate. The
y-axis shows the percentage in mass, and the x-axis shows temperatures (°C).
Figure 5 Shows DVS experiments performed at 40°C of Nalmefene hydrochloride
monohydrate (dry plot). The first y-axis (left) show the change in mass relative to
25  anhydrous (%), and the other y-axis (right) displays the targeted relative humidity
(RH)(%), while the x-axis show the time in minutes. The thin line shows the changes
in target RH, and the bold line the changes in relation to mass.
Figure 6 Shows X-ray powder diffractogram of the Nalmefene hydrochloride
monohydrate. The y-axis shows the intensity (counts), and the x-axis shows the

30  2Theta angle(®).

Detailed description of the invention
The present invention relates to Nalmefene hydrochloride dihydrate represented by

the below formula



nonohydrate (dry plot). The first y-axis (left) show the change in nass
relative to anhydrous (%, and the other y-axis (right) displays the

t ar get ed wel2atooss2obumi dity (RH) (%, while the x-axi s sheertboédozes2on

m nutes. The thin line shows the changes in target RH and the bold Iine
the changes in relation to Jipss. Figure 6 Shows X-ray powder diffractogram
of the Nal mef ene hydpochlori de nonohydrate. The y-axis shows the intensity
(counts), and the x- shovvs the 2Theta angle(). Detailed description of
the invention The presegat\invention relates to Nal nef ene hydrochl ori de

di hydrate repres by the bel ow fornul a. HCl . 2H20 The di hydrate form of
Nal nef ene hydrochlsri de<j# particul ar advantageous in that it is

non- hygr osco |CN+Q§“' sult of this non-hygroscopic feature, the physi cal
properties _efan nore

D D

Y _be controlled. This is of great inportance when
prepari ng |id dosage " forns such as orally adm nistrable forns, including
solid unit dosagecifoexars e.g. tablets or chewable tablet and capsules. As is
wel I known within the pharnaceutical industry, processing of hygroscopic
products entails the use of controlled humdity chanbers both for storage

and 1o L e, BROGERSHIN SOt rn MRIEOYSE 0 D8 KL 0P hRg luares6apl 6 pr oduct s

nmust be pa ' seal e I'sters’1n order to avol 'ty ‘probl ens due

to hum di hyn-hffres@pit. aadvediltagesis abe haykepit Rytuus itigpHyaicagiopatics
hydrochl ori de as the non-hygroscopi ¢ di hydrate. Nal mefene hydrochl ori de
di hydrat ec¥smereagibt &e pondigllpd: Tes 1l geet HyRpreseoyhen pispargtsiolid in its water

content. %%g&%@%%ﬁ% %8%&1@29&111 Ps%r%l@ f8ﬁnd4, g@&d{‘@é Sid MR USARABRAs Lo a

relative dit t ween Yo an
e.g. tablets or chewable tablet and capsules.

As is well known within the pharmaceutical industry, processing of hygroscopic

10 products entails the use of controlled humidity chambers both for storage and for the
processing itself. Moreover, the finished hygroscopic products must be packed in
sealed blisters in order to avoid stability problems due to humidity. These
disadvantages are avoided by using Nalmefene hydrochloride as the non-hygroscopic
dihydrate.

15
Nalmefene hydrochloride dihydrate is characterized by being non-hygroscopic and
stable in its water content. The compound does not absorb or lose water when exposed

to a relative humidity (RH) of between 10% and 95%.

20  Asshown in Example 1 of the present invention, DVS (Dynamic Vapour Sorption)
experiments were performed at 25°C and at 40°C. The results showed that no water
was absorbed by Nalmefene hydrochloride dihydrate even at 95% RH. In contrast
hereto, as shown in Example 2, Nalmefene hydrochloride as monohydrate absorbed
about 2.5% water when exposed to 95% RH and 40°C.

25
Furthermore, the result in Example 2 showed that in contrast to the dihydrate, the

monohydrate form changes in the water content with the surrounding humidity, and at



As shown in Exanple 1 of the present invention, DVS (Dynam c Vapour
Sorption) experinents were performed at 25C and at 400C. The results showed
t hat no vwbeniwvas29absor bed by Nal mef ene hydrochl ori de diphydnabi®/even at 95%
RH. In contrast hereto, as shown in Exanple 2, Nal nmef ene hydrochl oride as
nonohydr a sor ed. about 2 5% wat er exposed to 95% and 400C.

Fur t her no 5 5P e monghyelealsfpran @@ﬁ%@ﬁ)@(&o £ R&Y STHCHEIG Y K IbEIEheroVe e
dihydratecmﬂgﬁ,nDnohydrate formchanges in the water content with the
surroundi ng hum dity, and at RH above 50@6the nonohydrate form changed into
a new structure with higher water content. is therefore an inportant
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| ess than 1% such as less than 0.5% such as |less than 0, 3% npi sture is

absor bed hﬁ@ﬂdéwwﬁs@hY¢@w96@@FHIamlB@U@UnNaHﬁ%@é@@hﬁyéﬁdbﬁlbﬁsﬁ@héﬁhydrate

is a crysy | i r I 8. 99,
10. 63, 15. %ilm'éf%g and&§%&%%%§bgée%l§%f é?ﬁﬁ%égﬁﬁé u§?%aﬁkh al radiation,
and havi ngt yater content of about 8 to about 9 % such as about 8.7% while
t he nonohydrate of Nal mef ene hydrochloride is a crystalline solid

characterized by X-ray reflections at angles 7.39, 11.33, 11.52, 17.70 and

24. 27 (R thﬁ 9 ' relative
hun1dﬁ§§ o t%ﬁa @ﬂﬁ oun ?%ég QHS éﬁgm%g®gﬁ?%%%%gﬁgg%Pg$%ﬁts to the use
of Nal nef sfflectiydraoahdler 8.02 1di 6$yd5.atl,e16.$ﬁ el 30706 0. L120Ngas pkadrddedi cament .

In particular, the invention is related to the use of Nal nefene
hydr ochl oksiae CaKnydistien; andthasingaraigronient algpbent & imehout iestch asher ei n

Nal mef ene h(}{lqléolgﬁlv% edtﬁe Q{OQXH};CF at¢ of Nalmefene hydrochloride is a crystalline solid
characterized by X-ray reflections at angles 7.39, 11.33, 11.52, 17.70 and 24.27°20
15 (£0.1°26) and water content of 4-7% depending on the relative humidity of the

surroundings.

The present invention also relates to the use of Nalmefene hydrochloride dihydrate in
the manufacturing of a medicament.

20
In particular, the invention is related to the use of Nalmefene hydrochloride dihydrate
in the manufacturing of a medicament, wherein Nalmefene hydrochloride dihydrate
comprises at least 5% (w/w), such as at least 10% (w/w), at least 30%, at least 50%
(w/w), such as at least 70% (w/w), at least 90% (w/w), at least 95% (w/w), at least

25 99% (w/w), or 100% of the pharmaceutical dosage form, particularly a oral dosage
form, e.g. a single unit solid dosage form such as a tablet. Nalmefene hydrochloride
dihydrate is in particular related to the use in the manufacturing of a medicament for

the treatment alcohol dependency.

30  In a further embodiment, the present invention relates to a method for treating alcohol
dependency comprising administering a therapeutically effective amount of
Nalmefene hydrochloride dihydrate, e.g. in a pharmaceutical composition (such as a

solid dosage form, e.g. tablet for oral administration) to a patient in the need thereof.



conprises at least 5% (ww), such as at least 10% (ww), at |east 30% at

| east 50% (W w), such as at least 70% (ww), at |east 90% (ww), at |east
95% (W wwoabid@amt 99% (W w), or 100% of the phar naceurceak20®@sEg20f or m
particularly a oral dosage form e.g. a single unit solid dosage form such
as a tablet. Nal mefene hydrochloride dihydrate is in particular related to
the use in the manufacturing of a nedicanent for the treatnent al cohol
dependencisy ke HcHbeh I GNGAHARU am b RESSAB td MY SHbLAMIGELAL ES tO 2
met hod for treatl ng al cohol “dependency conprising admnistering a

t her apeut cmaldeyld@frfphmmaaeutmabcmnpasftlomahattw srf§cikydopedduge ameffdatfvpdr ate, e.g.
in a pharmaceutical co t| on%{{g{?luch as soI idd osage form t abl et

for ofal HARTESES = PEIEELOLTRUERSPont: Qhid e LHar SBPIEy hee; r m
"t her apeutdyzat By’aﬁ‘efsf:ﬁ@ﬁérvv@et@fiﬂaﬁaﬁ"mécﬁcdl%@tbf 8bthe difeialyRysh / dose of a
conpound or pharnmaceut i cal conposi tion that is sufficient to produce an
ef f ect i veadramystiaen (q a patieng Thi Sthetsipewsticaly effé@:til\@aimqﬂ@ﬁ'pmﬂs\@fbf a tissue,
system a r Yind C vet er di cal
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"t her apeub(brﬁﬁthdr]yarﬁfréﬁfbhsl\l@le@sﬁmﬂtﬁlb ‘patiédlt ko y@tryat@temvaﬂdmg)r@ﬂlei nter alia the
di sease and its severity, and the age, ght, physical. condition and
responsi vehegpewically %ff‘?féltVP EROURG DY %%sftt%cowmﬁ@uf HRSriBVIigN is

"t her gpeu fq r p@p# f the
mven??on%lgﬁ]%%%bwlﬂﬁeﬁg %{ﬁrone or nﬁ%nr?%sﬁécgl y%hénglgaﬁl&lﬂsuc Zgigergase t he anmount
of a gi venommqmdmm@hmeglhvvebeuctlomsubsaf&lotmssamomub effective anount. The
term'distil' refers to a nethod of separating m xtures based on
differences in their volatilities in a boiling liquid mxture. Application
of vacuumpglehy,agisRRit Al 10 Y3RUHM bscBilaAXA IRl B0 baSHOR SEABRALHPN met hod.
The term ' chemcal purity' is given 1ts normal neaning wthin the art and
t hus r ef etteirpolatitieslimgr lewlingligwid ohixtare. dpplicated of orpoumsudhsis pertiadni nat ed

with {4P u{fallctuum 18 an example of such separation method.

The term ‘chemical purity’ is given its normal meaning within the art and thus refers
to the degree to which an obtained compound is contaminated with impurities.
Accordingly, an obtained compound which is at least 98% chemically pure comprises

20  at most 2% of impurities. The chemical purity may be measured by e.g. HPLC.

The term ‘assay’ refers to the effective content of the desired substance expressed as a

weight by weight percentage (w/w%).

25  The term ‘extraction’ refers to a liquid-liquid extraction in which the free Nalmefene

base is transferred from an aqueous phase to an organic phase.

The term ‘re-slurry’ refers to a process wherein the crystalline material is suspended
in a solvent or a solvent mixture at an appropriate temperature whereby the crystalline
30  material partially dissolves and partially crystallises again thus permitting its

transformation into the desired form and/or its purification.

KF refers to ‘Karl Fisher titration’.



Accordi ngly, an obtained conmpound which is at |east 98%chem cally pure
conprises at nost 2% of inpurities. The chem cal purity nmay be neasured by
e.g. HPLGyvoTRbhmy/dssrom ' assay' refers to the effective contemprehodizesesired
substance expressed as a wei ght by weight percentage (WwX. The term
"extraction' refers, to a |jquid-liquid.extraction in which the free

Nal mefene%g]fs@%ir%toc r@ﬁ’é"?‘é‘ Rgmetr %ységueous phase to an organi c phase.
The term're-slurry' refers to a process wherein the crystalline nmateri al
is suspended in a solvent or a solvent mxture at an appropriate

t enper at ubd Saeéaretyy' Dymemer Yspaalr Sorpgionat eri al partially di ssol ves and
partially crystallises again thus permtting its transformation into the
desired formand/or its purification. KF refers to 'Karl Fisher

titratg oniy theprdseht@heention, O RIMDSEB M HBY hbSofhRlLY §dlgtion Y mtéRkaks to
'Dynam ¢ Vapour Sorption' In the present invention, the term"substantially

honmogenouBicanp ligkidrmixfuse frae ehvisidla endissalycd matefial.-d mi xture free of visible
undi ssol ved material. In the present invention, the term"seeding" is
intended to nean the addition of a small anobunt of crystals to initiate the

preci pi t atd ®B pedsciitifvdionuat termn‘sédigngdrie fReHded anineXd thchddition Y a
"non-hygroscopic" is intended to nean that less than 1% such as |ess than
0.5% suchmalsamaay of gaistats Qopifils the Piesipiaiiereof the ardEethed when exposed to
95% RH, at 250C. In the present context, particle sizes are determ ned by
Laser Diffraction using a Malvern Mastersizer S instrunment as disclosed in
det ai | s i In thherdsattrcodiect the yerpetiondfygtdseo@X printedeidad neaathadiess Braef er abl y

the anount of Nal nefene hydrochl oride di rate in.a pharmaceuti cal
Conposi t | iﬁp, ﬁ%chi%%q%ﬁﬂyﬂ&%% WE&? %ﬁ?ﬂ?@éﬂﬁwf%ﬂy eféeb%?@'eeﬂsw as about
10 ngy exposed to 95% RH at 25°C.

15  In the present context, particle sizes are determined by Laser Diffraction using a
Malvern Mastersizer S instrument as disclosed in details in the introductory part of the

experimental section.

Preferably the amount of Nalmefene hydrochloride dihydrate in a pharmaceutical
20  composition is in an amount from about 10 mg to about 100 mg, such as about 10 mg

to about 60 mg, about 10 mg to about 40 mg, or about 20 mg.

The term “alcohol dependency” is a commonly known term for a skilled person
which, in the revised 4th edition of the Diagnostic and Statistical Manual of Mental
25  Disorders (DSM-IVTR) (Diagnostic and Statistical Manual of Mental Disorders, 4th
edition text revision, American Psychiatric Publishing, 2000), is defined as the
presence of three or more of the seven areas of life impairment related to alcohol in
the same 12-month period. These impairments include tolerance, evidence of a
withdrawal syndrome when alcohol is discontinued or intake is decreased, potential
30  interference with life functioning associated with spending a great deal of time using

alcohol and returning to use despite evidence of physical or psychological problems.

The pharmaceutical composition comprising Nalmefene hydrochloride dihydrate may

further comprise one or more pharmaceutically acceptable carriers.

8



to about 60 ng, about 10 ng to about 40 ng, or about 20 ng. The term
"al cohol dependency" is a commonly known termfor a skilled person which,
in the rewbzet/ésid2editi on of the Diagnostic and Stati stricealk2bemsad2oof
Mental Disorders (DSMIVTR) {Di agnostic and Statistical Mnual of Mental
Di sorders, 4th edition text revision, American Psychiatric Publishing,
2000), is defined as the presence of three or nore of the seven areas of

life i mpapRiak féﬁh@PéﬁaﬁaﬂoﬁbPQﬁ@ phhﬂnédaﬁt@@%pal%nm&@ wREMinddn ifhese

i mpai rnent's incl ude erance, evidence of a withdrawal syndrone when
al cohol i ﬂledurtsSm]mlguléeinmgtonnﬂad(&cwls:edtedﬁ’mwpfBmtmacy,élllsuemit erference with

life functionin oci gt in reat de tine usmg

al cohol LH’pf@f’gr\ﬁﬁf‘n %@5 ég%ﬁgﬁg\ﬁpg@%%m&s Sblgk} ets oG chol ogi cal
probl eqs. %B@reﬁ%?hﬁﬁﬁ@%é §lve GRIB@SH S Wk HUFRINLS/ dﬁﬁlé}‘ladu@ﬁfaﬁfﬁl@ hydrochl ori de
di hydrate may further "conprise one or nore phar maceut | cal I@é acceptabl e

carri ers. Mypyangend/or difugat, gné pehsequesy 6o mprsissiag ﬁwanm@m Iettifrgepar at i ons

o el | SN o s Pl RIS ST PSR, 2

prepar at i PRtse,blehmamagdivet ScarRygdiftine! RPREE Guby, Mdthadike.Henyaethiy e
ingredients with an ordinary carrl er, such as an adjuvant and/or_ diluent,

and subs eéﬂJéYﬁnIt §r edlipreushagyoq Inwringsxpigrs. Al RICTCAHILEEY MAY alia dRivpke
Non- 1 {1t bRGIRAAMRIES 2L calpditALG An ACHCRLe SHordRlH:s Th@@hyf%ce&%ﬂ starch,

Iactose al cum magnesium stearate, gelati ctos and the I|ke
Any ot her cadpasitams otﬁtheaidtzﬁntt]bnehlﬁsu;zﬂ)iczalsf mﬁmmelangﬁfactmecmmunaom preservatives

may al so eused oVi at they are co atible with the active
i ngr edi ent\@lmepFRe fﬁﬁlé? bt Biae S 64 o1 9 @%@uﬁlwﬂwﬁe@ Ho%hus
typically.gapRri se an effectl ve anount of NaI mef ene hydrochl ori de di hydrate

and one or nore pharnmaceutically acceptable carriers. According to the
present invention, it is envisaged that Nal mef ene hydrochl oride

15  According to the present invention, it is envisaged that Nalmefene hydrochloride
dihydrate may be administered in any suitable way, e.g., orally or parenterally, and it
may be presented in any suitable form for such administration, e.g., in the form of
tablets, capsules, powders, syrups or solutions or dispersions for injection. In an
embodiment, Nalmefene hydrochloride dihydrate is preferably administered in the

20  form of a solid pharmaceutical entity, suitably as a tablet or a capsule.

A further aspect of the present invention relates to methods for obtaining Nalmefene
hydrochloride dihydrate. Nalmefene hydrochloride dihydrate may be obtained by any
of the methods (I) and (II), as will be outlined below.

25 Method (I) transformation of Nalmefene hydrochloride into Nalmefene
hydrochloride dihydrate by re-slurry in aqueous solution, such as water, such
as pure water and
Method (II) re-crystallization of Nalmefene hydrochloride in aqueous solution,
such as water, such as pure water

30

According to one aspect of the invention, the re-slurry method (Method (1)) comprises

the steps of:



di hydrate may be adm nistered in any suitable way, e.g., orally or
parenterally, and it nmay be presented in any suitable formfor such

adm ni st rDi20M/068299. , in the formof tablets, capsul es, ppomden®,058320Ups oOr
solutions or dispersions for injection. In an enbodi nent, Nal mefene

hydrochl orjde di hydrate is preferably admnistered in the formof a solid
phar naceuﬁli)é’élﬁlnérﬁﬁwzengﬁfyld&mﬁ ride (ﬁ'{% Oéfoﬁyﬁm%lt XQﬁﬁIR@POW'§Urt her aspect
of the pr ﬁr_%@f{eg&en'eﬂl\égggﬂtl@ns,w.hﬁﬂ %§dﬁoeh16ﬁa$>%la atleéus%mbg,' &gh halarf ene

hydr ochl ori dé di hy Nal mef éne hydrochl oride di hydrate may be obtai ned
by any of sucherspetdredsr (1) and (11), as will be outlined below. Method (1)

t ransf or i on of | mef ene hydrochl oride into Nal nef ene hydrochl ori de
di hydr at rer%fpflgr-laé]lysﬁ?%mg%ea Ué‘brﬁs sol ution, such as water, such as pure

wat er and( heshily! diktin@pehysbahkei zati on of Nal mef ene hydrochloride in
aqueous sol ution, "such as water, such as pure water According to one aspect

of the in(Aentirog, the mextpee, eidirry net hod (Method (1)) conprises the steps
of : (1) mi X | tochl oride (17-(cycl opropyl methyl) -4, 5-
g)rr}r%)tﬂ%ﬂﬂgr[ﬁé ?o@l%eﬁ’lgghcp

a- epoxy- 6- enenor phi nan- 3, 14-di ol hydrochl ori de) and aquous sol uti on,
such as water, such as pure water (2) optionally, heating the m xture, (3)
opt i onally, distilling the mxture (4) stirring.the m xture, and (5)
i sol at i nglt 9 Fefadisget ol Methedy(Th el gptsae hydraeh gfidavistrseformyd inkeal mef ene
hydr oghl oRj,(erbrs fivdRStSi S dTB L gkt i ng Q4 [{hydrate by
re-sl Ed;r yN:an %%Izee%s so(f}uti or?%d?%gbg'ﬁ%t {é& e%@%egpgrgﬂ{tl %ﬁl&rr%[?den%
hydr ochl oemtedinent Nalnsfarrgdrdchtooidbidd tmafsémrmet yido dldefiche Bydrochloride

dihydrate by re-slurry in water. In yet another embodiment Nalmefene hydrochloride

is transformed into Nalmefene hydrochloride dihydrate by re-slurry in pure water.

15  The ratio of aqueous solution such as water, such as pure water, used in step (1) may
range from about 0.5 ml to about 4 ml aqueous solution /nalmefene hydrochloride (g),
such as from about 1 ml to about 2 ml aqueous solution /nalmefene hydrochloride (g),
more preferably about 1.5 ml aqueous solution / nalmefene hydrochloride (g). The
Nalmefene hydrochloride used can be selected from any hydrated or solvated form of

20  Nalmefene or mixtures of hydrated and/or solvated forms with or without solvents., In
one embodiment Nalmefene hydrochloride as monohydrate is used. In another
embodiment of Method (I), Nalmefene hydrochloride is used in hydrated form. In
another embodiment, Nalmefene hydrochloride is used in solvated form. In yet
another embodiment, Nalmefene hydrochloride is used in a mixture of hydrated

25  solvated form.

In an embodiment of Method (I), solvents comprised in said hydrated and/or solvated
forms are selected from the group consisting of acetone, n-propanol, isopropanol,
dichloromethane and water. In one embodiment said solvent is acetone. In another
30  embodiment said solvent is n-propanol. In yet another embodiment said solvent is
isopropanol. In yet another embodiment said solvent is dichloromethane. In yet

another embodiment said solvent is water.
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di hydrate by re-slurry in water. In yet another enbodi nent Nal nefene
hydrochloride is transfornmed i nto Nal mef ene hydrochl ori de di hydrate by
re-slurrywonopuwess2oeat er. The ratio of aqueous sol uti on sgthh@sovEsbay, such
as pure water, used in step (1) may range frontabout 0.5 m to about 4 m

aqueous s Iutlon [ nal_nef ene .hydr ochl de (g),, such as fro
about 2 e%t&tgee&gepiat tﬁtarl&aﬂpwiﬁt?ewﬁl@h Rk SRR 550ns %ﬂ@f er abl y

about 1. 5;4d, 180064 SsS %ebﬁlbs%ﬂltfonr}%le 'E?ftlf'enfﬁlxh}fg 'E)QEJHeQ r11'1 dep (@) Thdhe Nal nef ene
hydr ochl ori de used can be selected fromany hydrated or sol vated form of

NaInefeneh@nmgnmnwﬂe@wmﬁMﬁgdmadedtmﬂdﬂmnwgmbmatbdmﬁmnwmmmmmmmwmmhﬁhout

| vent | t f dr ochl h t
noed | HiR R ST BB e PR oo (S P RE R bra Dl d SR g Re i 5 used
in hyds at gl fidienltddanek Redtir2TRedh MBS o Najursbenen hysikachiwtifati s used in

solvated form In yet another enbodi nent, Nal nefene hydrochlorlde is used
in a nixtbeatingfin Bep(Atiet FBOwtlesd. Ingnather pmbedimeniokiiatieg to Bfstapehisd (1),

sol vents GORLI Sp4. sl s Ry sbesiopnolarodnlyalafl a0, ag, ael ected from

t he group consi tone; n- I'so or onet hane
and wat er abdud 30T® enbodlnent sai d solvent i's acetone I n anot her enbodi nent
said solvent is n-propanol. In yet another enbodi nent said solvent is

i sopropanol . In yet another enbodi nent said solvent is dichloronmethane. In

yet appt hgy, sS4l | L8 h i in step (2) is an
optloggl 3 ngpﬁﬂlgﬁﬂ;% zqﬁzgi%%%%y%ongp%ﬁdﬁg%ghr%enef|C|al in order to
i ncrease the dissolution rate of the m xture obtained in step (b). The

i rcunst ances. Under. sone

heating t ure .nma end. on the X
cir cumgt aﬁggglstlﬁaé% 1§.Sty?a(z§dp Y BePYfIrMer dn P se¥ s mrdvelts ¥ §Eettdhper at ur e

(20- 250Q) the|1ﬁ1xhﬁ’e %%'cﬁéﬂl%ﬂoﬁﬁﬁ&b’e’beﬁﬂﬁn&l”ﬁ%%ﬁpﬁﬁéVﬁaﬁﬁﬁng in step (2) is to
about 500C. I n another enbodinent, heating in'step (2) is to 500C or |ess.

I n anot her enbodi nent heating to in step (2) is
15  The stirring in step (4) may be performed at a temperature of about 0°C to about 50°C,
such as 45°C, such as from 20°C to about 40°C. In onc embodiment, the mixture is
stirred for less than one hour. In another embodiment the mixture is stirred for about

one hour. In yet another embodiment the mixture is stirred for at least one hour.

20  The solid can be isolated at a temperature within the range of about 0-25°C such as 0-
20°C and more preferably in the range of 0-5°C in order to lower the solubility of the
product, such as in water, and to increase the yield. The solid may be isolated by
filtration and washed with a suitable solvent. Solvents for washings include water and
mixtures of water/organic solvents or pure organic solvents. Preferably water is used

25  and in a further embodiment pre-cooled water is preferred. When organic solvents are
used, Class 2 or 3 solvents (ICH Q3C(R4) guidelines) are preferred. In one
embodiment, class 3 solvents such as acetone and ethyl acetate are used. In one

embodiment acetone is used. In another embodiment ethyl acetate is used.

30  The product can be dried under vacuum below 40°C and more preferably at a

temperature in the range 25-35°C.

It is envisaged that the obtained compound is at least 98% chemically pure, such as at

least 99% chemically pure, or at least 99.5% chemically pure.
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to about 20 OC to about 40 OC. In yet another enbodi nent heating in step
(2) is to about 300C. Step (2) and step (3) may be performed with or

wi t hout sworniongs2ethe distillation in step (3) nmay be pecfiroree/dso320enove
organic solvents if present in the mxture. The distillation may be
perfornmed by applying Vacuum The stirring in step (4) may be performed at
a tenperature of about O0C to about 500C, such as 450C, such as from 2Q0C
to about ACDGdinkRo BREa SRR AR entidiCHUX MBI A1SH bR MUind£38) t han one
hour. I n @another enbodinment the mxture 1s stirred 1or about one hour. In
yet anot hesmpmdes thersteps of he mxture is stirred for at |east one hour. The

solid can be isql ated .at t he range o out 0-250C
such as 0- 200&and™\f'e {TE%%Y‘{? ]ﬁor\tllgr‘?e(quf‘&(lrof’(g?p)g%%@é)‘ﬁ Gider to |ower
the sofubility of t x@/[@ﬁ'iéﬁf len@Hbpigant 3 1 MR hy didBKl oFifle ) AA@ agasRist he yi el d.
The solid may be isol ated by f||trat|on and was%e d wth a suitable sol vent.
Sol vents for washi n@fﬁuﬁlmlsmileaswaﬁtt@fr seghchs puset Wates of wat er/ organi ¢ sol vents
or pure organi g.sol yent P rther

enbodi nment pr e&)c?ool }e{%“\f\%tt%erﬁl? tmre %e{tra}r%g%gubwﬁtléigfr gani %nél%ls\?/ﬂeurtl ¢ are used,

Class 2 or 3 sq)venbstidaady dﬁ@(aﬁéﬁ ogﬁh}dﬁl}eldwﬁﬁedam&tdpr(ej erred. In one
enbodi nent, class 3 solvents such as acetone and ethyl acetate are used. In

one embodi ment (Hcet BHRINE! Hises ution obtaraddn S@ﬁtﬁbh‘i’ﬁféhtsu@ﬁﬁ%nﬂaéé%ch@% i's
used. |fhe product can %ﬁéfeﬁg%&%@m‘{?ﬂ Hgn bel ow 400C and nore preferably

at a terrperature int e range I'S envisaged that the obtained
conpound is at (d)eastso&ﬁ%oﬁ@mfoaﬁddysoﬂldre such as at |east 99% chem cally
pure, or at l|least 99.5%chem cally pure. According to one aspect of the

invention, the re-crystallization nmethod (Method (H)) conprises the steps

of 1 (a) MubRGrhkdfRbRRE MMELAD! REtiFedc it SHRRORYI IR id o4, 5= a-
Nalmefene hydrochloride dihydrate by re-crystallization in aqueous solution. In

15  another embodiment Nalmefene hydrochloride is transformed into Nalmefene
hydrochloride dihydrate by re-slurry in water. In yet another embodiment Nalmefene
hydrochloride is transformed into Nalmefene hydrochloride dihydrate by re-slurry in

pure water.

20  The amount of aqueous solution, such as water, such as pure water, which is used in
step (a) may range from about 0.9 ml to about 4 ml aqueous solution /Nalmefene
hydrochloride (g), such as from about 1 ml to about 2 ml aqueous solution /Nalmefene
hydrochloride (g), or about 1.5 ml aqueous solution /Nalmefene hydrochloride (g).
The Nalmefene hydrochloride used can be selected from any hydrated or solvated

25  form of Nalmefene or mixtures of hydrated and/or solvated forms with or without

solvents.

In one embodiment of Method (IT), Nalmefene hydrochloride is used in hydrated
form. In another embodiment, Nalmefene hydrochloride is used in solvated form. In
30  yet another embodiment, Nalmefene hydrochloride is used in a mixture of hydrated

solvated form.

In an embodiment of Method (II), solvents comprised in said hydrated and/or solvated

forms are selected from the group consisting of acetone, n-propanol, isopropanol,

12



epoxy- 6- net hyl enenor phi nan- 3, 14-di ol hydrochl ori de) and aqueous sol uti on,
such as water, such as pure water, (b) heating the m xture to obtain a

subst ant iwbl2y1oneepdgenous sol ution, (c) optionally, distipclratk2om/mshz2i xt ure
obtained in step (b), (d) cooling of the solution obtained in step (b) or

(c), subsequently seediing with Nal nef ene hydrochl oride, and (e) isolation
of | ho. { of BB AT A LHOR R G S gnis Ia)‘re,t"li‘ﬁaﬂfh@?%%fé

hydr ochl of,@6dih@nt AN AHRG-hidhpen el Rl sgndediRaRhr k4g sdivbndg at e by

re-crystallization in aqueous solution. In another enbodi ment Nal mef ene
hydr ochl orsopepiusolt Ingres irmtine ¢nibotlondia kard felventhy dicblohdroethae. Hi yopdr at e by
re-slurry iq mat%hg.ln éeé no%her gﬁbodinent Nal nef ene hydrochl oride is

t r ansf or AP [REY SHE SAYEHIR Ri26Ti de di hydrate by re-slurry in pure

wat er .5 The anmount of aqueous sol ution, such as water, such as pure water,
which is used in step (a) may range fromabout 0.9 nml to about 4 m aqueous
sol uti on Thabuspensita gy bobedtest wid asyhstandialy hamopenws selutien Brebtaieedabout 2 i

aqueous s tion. / f . ?ﬁor' e r out 1. gueous

2ol utton: Pk odPione bR DN A beSal Rl Qe R sl o de“boed can
be sel ect gsbut 50T @MHolity DX uddrassbbiaed fooabrauodo Na| srefbete7@IC @ Xt ur es of
hydrat ed and/ or solvated fornms with or without solvents. In one enbodi nent

of thhodawmm§§%$hlnefene hydrochl oride is used in hydrated form In
anot hgg enbodi ment, Nal nef ene hydrochloride is used in solvated form In
yet anot her enbodi nent, Nal mefene hydrochloride is used in a m xture of
hydr at ed Badtmbtaedumanan then applied to remove traces of organic volatiles, if present, in

step (¢).

The solution obtained either from step (b) or step (¢) may optionally be filtered (e.g.
15  through a 0.65 pm cartridge) to remove foreign matters before proceeding to step (d).

In step (d) the solution may be cooled to a temperature between 40°C to about 50°C
and seeded. In one embodiment of the invention, the seeding is performed at a
temperature between 40°C and 50°C. The seeding is performed with Nalmefene

20 hydrochloride dihydrate crystals. The Nalmefene seeding material may, in one

embodiment of the invention, be obtained by the re-slurry method (I) described above.

The amount of seed crystal added in step (d) may be from about 1/2000 (w/w) of seed
crystal of Nalmefene hydrochloride / Nalmefene hydrochloride added in step (a), such

25  as from about 1/1000 (w/w) of seed crystal or 1/200 of seed crystal of Nalmefene
hydrochloride / Nalmefene hydrochloride added in step (a).

An appropriate cooling ramp, such as a fast cooling ramp, and an appropriate stirring,
such as a vigorous stirring, impede the crystals already formed to grow further and
30  help to provide a product with a well defined, narrow and relatively small particle
size. The cooling from seeding temperature to isolation temperature may be
accomplished within a few hours and more preferably within 1 hour. The seeded
mixture obtained in step (d) may therefore further be subjected to a cooling, such as a

fast cooling, which comprises the steps of:

13



In an enbodi ment of Method (I11), solvents conprised in said hydrated and/or
solvated forns are selected fromthe group consisting of acetone,

n- pr opanowo 208a@sBpanol , di chl oronet hane and water. |n orermr20eh/0F832) sai d
solvent is acetone. In anot her enbodi rent said solvent is n-propanol. In

yet anot her, enbqdi ment |d solvent is isoprop .. L. yet anot her

erbodi mentd ka%gq%ﬁefﬂ 4 Ay PENANTS o iRl o] a@?@kﬁ 05t ik 28RBS et sai d
sol vent i g \g/g)gﬁgd Ofl'g%uwg;ggméso&rﬁgﬁé g heated until a substantially
honbgenous solution Is obtained, i.e. a solution. The heating in step (b)

may be pefd”c)nh@daftem theemotura rmaeldwananm@d@i a@dymﬁtratﬁﬁlrfaboutabﬁﬁﬁl fot@@. 0OC, such
as about bout 90 .0 about 85 arti al

L t .70
vacuum maff “I(ggﬁn&’ﬁ‘b?? grdm?li?breg%\]ﬁgialt fO(SIFle% Efc(‘fo'iflbrfgatf’l eé’s(e ‘i f present,

in step (c). The solution obtained elther from step (b) or step (c) may
optionallé be filtered (e(l% through a 0.65 mmcartridge) to renove foreign
mat t er s béhopdiddornedi sep Comay bp 19(0cb|6)ted [The selepeandie isplated 6 at i on may be

cool ed to e%ld:)fe? D& ai%h"i'ﬁ I‘gltl %bo qggéé‘% QIRIO IHSI‘CS +aB] ¥y 1n§ﬁee %ﬁge otL G- one

enbodi msn% s |nve ing I's ormed at a nhper at ur e

bet ween 48QCira¢rde50 O&vethhe séi&‘@dty‘kﬁ thé pAuah vmehr\ma bhoNedyniaérene the
hydr ochl ori de di hydrate crystals. The Nal nef ene seeding material may, in

one enbodVigkhth 61501@%@&5/ he ispfatestby Bléraion alil%fasfisgl withea yueaBlesp Mgntret hod (1)
d d st be f
a§33{ i(?i/ezg@gge(tgﬂfvg}g%@l gﬁﬁ cr ysat?%ﬁa%?ﬁfy@% ene@(ﬂOf&a h?%rell(lg)é)r I reref (ra(r)uran

hydr ochl obrgdeicadbedtsi In (mt:emb(oelﬁtnem smiheras fdr r\mhmg aut seldcl@orh Wodromp seed

crystal or 1/200 of seed é fene hgdrochl o&i de Nal mef ene
hydr ochl of $REtIg8 @bEcsaneAn W{‘%{) n%‘? BTt A6 LRI Uy IF%‘FP;S ®Tsuch as a

fast cool ;RGodiRRR: a AMGuRDHIAPRERAPIIEL feS A &ét'aﬂgthelsé{ﬁﬁbcﬁﬁleﬁt WAGOK QLS.
stirring, inpede the crystals already forimed to grow further and

In a further embodiment the water used is pre-cooled water. When organic solvents
15  are used for washing, Class 2 or 3 solvents (ICH Q3C(R4) guidelines) are preferred,
more preferably class 3 solvents such as acetone and ethyl acetate. In one embodiment

ethyl acetate is used.

The product can be dried under vacuum below 40°C and more preferably at a

20  temperature in the range 25-35°C.

It is envisaged that the obtained compound is at least 98% chemically pure, such as at

least 99% chemically pure, or at least 99.5% chemically pure.

25  Itis further envisaged that the Nalmefene hydrochloride dihydrate obtained by the
above method (II) has the following particle size distribution: D90 equal to or below
400 pum and D50 equal to or below 200 pm, and D10 equal to or below 50 pm, and
with ratio D90/D50 equal to or below 2.5, wherein D”XX” (XX is given as 10, 50 or
90) is defined as the value for which an “XX percentage” (given in volumes) of the

30  particles have a diameter under the indicated value. Thus for D10, 10 percentage of

the particle size (in volume) has a diameter equal to or below 50 um.

Recovery of Nalmefene hydrochloride_from mother liquors (Method I11):

14



help to provide a product with a well defined, narrow and rel atively snal
particle size. The cooling fromseeding tenperature to isolation

t enper at we 20myeB@2acconpl i shed within a few hours and wroreoreiIab v
within 1 hour. The seeded mi xture obtained in step (d) may therefore

further be subjected a cooling, ch as a fast. cool ing, which conprises
the st epsNGFn:“(fJﬁ“)hyélr‘P‘itth‘irW@rls ﬁ@%& w&lﬁ? Iy 4R GHS 3P 91T ek ag S HehAe of

about 0- 50¢r.Sukd aﬁmgﬁfor@atﬂ%g?fﬁﬁg bl s3hQw ttmsthauifsrOTomore, and

(d") thereafter the mxture be maintained at a tenperature of about

0- 50C f or rasower aaponvsed Natinpiene §ydrnochioriéde frefmghenicwldat bnl, ettlenddor med sol i d
according to ste ). JThe solid formed in step (e) nmay be isolated. The
20114 cantisle; SERUPEte S rydea et PR TERTRRGS. of about 0- 200G and
nore py ef gy abl YptidhaliPedistangien of nldthed Gqidrs Ob@fIed fRdnl MeBiodihersal ubi ity of
the product in water and thereby increase the yield. The solid may be

i sol ated By fi basifagaiion ohfe meiberdiuars dbtainesbintsédpl @, solroarthe meioded s f or
washi ngs inclugg(I ter and m xtures of water/ organic solvents or pure
organi c sol vents. ‘I n one enbodi ment solvents for washing are selected from

t he group(iipnsestdctfe e raalre Rethanditwbit @Fganldsodvt@t,enbodi ment acetone is
used. In another enbodi nent a m xture of acetone and water. In yet another
enbodi mentVhat éddinghydragen qhjorides ¢ her enbodi nent the water used is

pre- cool ed \wat . i G:is0l vents are used for washing, Cass 2 or 3
Ay E{,l) CH %{%%{1@?&9@%@%{%&@

sol vent s nes) are preferred, nore preferably class 3
sol vents such as acetone and ethyl acetate. In one enbodi nent ethyl acetate

o used, The,prodict can e rL o0, under vaguun bel o S00C NSRS e
obt ai ned g@patgh drgadt of £BRIanRAVAL R Th CRLLYINRYT 6F mEWNEH (@5, @k | east 99%
chemcally pure, or at |east  99.5% chem cally pure.
basification in step (ii) is performed with ammonium hydroxide.
15
In the extraction step (iii) the organic solvent may be selected from the group
comprising halogenated hydrocarbons, ethers, esters, ketones, and preferably
dichloromethane, 2-methyl-tetrahydrofurane, ethyl acetate, 2-butanone, even more
preferably dichloromethane. In one embodiment the organic solvent is halogenated
20 hydrocarbons. In another embodiment the organic solvent is ethers. In another
embodiment the organic solvent is selected from the group of esters. In another
embodiment the organic solvent is selected from the group of ketones. In another
embodiment the organic solvent is dichloromethane. In another embodiment the

organic solvent is 2-methyl-tetrahydrofurane. In another embodiment the organic

25  solvent is ethyl acetate. In another embodiment the organic solvent is 2-butanone.

The solution of nalmefene base in an organic solvent obtained in step (iii) is treated

with hydrogen chloride to precipitate nalmefene hydrochloride.

30  The amount of hydrogen chloride added in step (iv) depends on different factors such
as the amount of nalmefene in mother liquors used, and will be apparent to a person
skilled in the art. After hydrochloric acid is added to the mixture in step (iv) the

product is allowed to precipitate.

15



It is further envisaged that the Nal mefene hydrochl ori de di hydrate obtai ned
by the above nethod (I11) has the following particle size distribution: D90
equal to wo 208lmweE29400 nm and D50 equal to or bel ow 200 wow/pacdodds@equal to
or below 50 nm and with ratio D90/ D50 equal to or below 2.5, wherein D'XX"
(XX is given as, 10, 50.0r 90) .is defiped.as the yalue for which an "XX

per cent aggﬁe prgripdated go P’G)‘rgg)‘sozé}iecfﬁépeﬁ‘éﬁt{eficff”é@e qde! Pddlanet er under the

i ndi cated value. Thus for DO 10 percentage of the particle size (in

vol une) has a dianeter equal to or below 50 nm Recovery of Nal mefene

hydr ochl oktiisienviisagnd that theroblainpdarosnpoivied Fsad 1daktl 98%Mahereicelhepiry.chuckch$ @ir i de i s

hi ghly sol ubl e jn agquepus sol utjo sich as. water, such as pure water, and
thereforekaﬁﬁﬁﬁéa&PﬂfﬁggnﬁﬁfEP%kﬁgﬁgfﬁgg?m?ﬁa5H@Hﬁother liquors. To recover
any unused Nal mef ene hydrochloride fromthe nethods |I or |1, outlined
above, a nethod for the recovery has been devel oped that conprises (i)
optionally, distillation of nother |iquors obtained frommethod (1) or (I11)
(ii) basification of the nother liquors obtained in step (i), or fromthe
met hods (1) or (Il), (iii) extracting the mxture with a suitable organic
solvent, (iv) adding hydrogen chloride, and (v) isolating the forned solid
The basification in step (ii) is performed to bring the pHin the range of
8-10, such as 8-9 using an organic or inorganic base. In an enbodi ment of
method (111), the basification in step (ii) is perforned with anmoni um
hydroxide. In the extraction step (iii) the organic solvent may be sel ected
fromthe group conprising hal ogenat ed hydrocarbons, ethers, esters,

ket ones, and preferably dichloronethane, 2-nethyl-tetrahydrofurane, ethyl
acetate, 2-butanone, even nore preferably dichloronethane. In one

enbodi nent the organic solvent is hal ogenated
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hydr ocarbons. | n another enbodi nent the organic solvent is ethers. In

anot her enbodi nent the organic solvent is selected fromthe group of
esters. Iwoaomwdssrozenbodi nent the organi ¢ sol vent is selpextoackodwosnshe
group of ketones. In another enbodi nent the organic solvent is

di chl oronet hane. I n anot her enbodi nent the organic solvent is

2- et hy| - ES#MBSdr of ur ane. I n anot her embodi ment the organic sol vent is

et hyl acetate. In another enbodi nent the organic solvent is 2-butanone. The
solution of nal nefene base in an organic solvent obtained in step (iii) is
treat ed wirt the pycsegentesth bloaniida puoitpisewdapircd bg HdlGrefienthetpgivochl ori de. The
anount of (g}/(gtﬁﬂ%gen chloride added in step (iv) depends on different factors
such as tHh nt of nal mefene in nother liquors used, and will be
apparent to a person skilled in the art. After hydrochloric acid is added
to the mxture in step (iv) the product is allowed to precipitate. The

preci pi t abhrbregtograpliggomhtionsp| at ed as descri bed for nethods | and I1. It is
envi sagedCbhain:t.he...obt ai.ned...conpbifhBadis Bai3-5 g, 8V4 ditemmical | y pure, such
as at |east 99% chem cally puresquonleaat | east 99. 5% chem cal ly pure. Exanpl es

condi @ onMOb@QIp.gg@tg).g,r,,gp,h,i”gmggrqqgﬂlw&s: Colum: YMC Basic B-03-5, 5 mm 250

X 4.6 mm grequi val ent Mobil e Fﬂgf’g@(ﬁ A BuU f%? g/&?'llne@ Shat I@@nol
Buf f er: D_Bsso "\'/"e""1'."1"'g"'6'f"'Sb'di" ¢ Va}{}siutf%@n\%tgt (\%ﬁlt s %%ag%\ﬁg}thof
water. Adjust the pHto 3.8 wit i HI%JI POA.
tlute 3 4.
Column Temperature:............... 35°C
15 Detector: ovvvvvvveneriiniriiiniiinanis UV at 230 nm
FlOW:ooovooiiieeeeeeeen, 1.5 ml/min
Injection volume:..............ce.n. 20 ul
Time of Analysis:..........ceeeenene. 50 minutes
Time Mobile Phase A Mobile PhaseB
(min)
0 90 10
10 70 30
25 50 50
40 20 80
50 20 80

20

In the present context, particle sizes are determined by Laser Diffraction using a

Malvern Mastersizer S instrument made up of a laser transmitter (LASER HELIUM-

NEON — wavelength 632 nm), an optical system (300 F lens, range 0.5 — 900 um), a
25  measurement cell for suspension (beam length 2.4 mm) and a photodiode detector.

The sample is analysed using mineral oil (CAS 8042-47) as dispergent.

Example 1
1.1a Preparation of the dihydrate
30  Dihydrate was prepared as follows:
20 g of crude Nalmefene Hydrochloride (chemical purity 99.26%, assay 92.9%) was

suspended in 24 ml of water. The mixture was heated up and the solid dissolved
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Col um Tenperature: 35C Detector: UV at 230 nmFlow 1.5 m/mn Injection
volume: 20 ml Tinme of Analysis: 50 mnutes In the present context, particle
si zes arewdevawwsned by Laser Diffraction using a Ml veroThau@rsirer S

i nstrunment nmade up of a laser transmtter (LASER HELI UVWNEON - wavel ength

632 nm), an optical system (300.F |lens, range Q,5 - 900 a nmeasur enment
cel | for SU8pEl %h?ocf%%gnﬂ% pitorpvas lﬂﬁﬁeddeoggpqiéfl%H}aHﬂ%%té@tor. The
sanpl e i sy faSRFoiBd RehulsNeh@lolRlidn {5LR B RWH HodT0dSBDIeR 3 Exanple 1

1.1la Preparation of the dihydrate D hydrate was prepared as follows: 20 g
of crude MNarpefiege lidgatrramhl ori de (chemical purity 99.26% assay 92.9% was
suspended in 24 m of water. The m xture was heated up and the solid

di ssol vedconpl etely at 60-650C. The solution was heated up to 700C and

mai nt a3 nedt 3b°ct, MMk RAP Efyatdéh Rl wad ad dddidts8&dingl MBe S8 Uil @Bt Yd® ool ed down
from70 OC to 200C in 3 hours usi n\%h%hl i near ranp. At 500C, Nal mefene

Hydr ochl optdibiakepsenediistedde cosadizagWirh thoseselinglrammues ivigloddhand Nal mef ene
Srart ed ¢ QRN e SARLIOR L9022 ML SO i g yspenston

was nmai nt ai undeér s

and was hegndvvhdhca @githaietond (50mn)). THO&cvwbdidt odi diiciascrilighe ding@ster ni ght under
vacuum at 400C yi el ding 13.2 g of Nal nefene dir_och_l oride dihydrate
(chemi cal visuEmal 495 yiddingdd 212 ofdwalesteng hydroghlgride didydistesGhemicply Kar |

Fi shejg ti braligomho, Tvatlt BhReg 8% b9 A0%hs b ik at Fisher titration).

1.1b Preparation of the dihydrate

20 g of crude Nalmefene Hydrochloride (chemical purity 97.2%, assay 82.6%) was

suspended in 30 ml of water. The mixture was heated up and the solid dissolved
15  completely at 80°C. Organic volatiles were removed by vacuum distillation. The

solution was cooled down to 50°C.

At 50°C, Nalmefene Hydrochloride dihydrate was added as seeding. The mixture was
maintained at 50°C for 3 hours and then allowed to cool down to 20°C. The

20  suspension was maintained under stirring at 20°C for around 2.5 days. The solid was
filtered and washed with acetone (20 ml). The wet product was dried overnight under
vacuum at 30°C yielding 11.5 g of Nalmefene hydrochloride dihydrate (chemical

purity 99.78%, water content 8.78 % w/w as measured by Karl Fisher titration).

25 1.2 Properties of the dihydrate
In the TGA (figure 1) about 10 mg of sample was heated 10°/min in an open pan
under nitrogen flow. The thermogram shows a weigh-loss of about 8.5% starting at

0,room temperature and ending at 125-150°C.

30  DVS experiments were performed at 25°C and at 40°C. The shape of the curves were
the same at the two temperatures; the curve at 40°C is shown in figure 2. The
dihydrate is retained at relative humidity of 10-95%. Adsorbtion to the surface at high

relative humidity is less than 0.2%. Desorption of the crystal water occurs slowly
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20 g of crude Nal nef ene Hydrochloride (chem cal purity 97.2% assay 82.6%
was suspended in 30 mM of water. The m xture was heated up and the solid
di ssol vedvoaoplwms®by at 800C. Organic vol atiles were reroraky/osasaum
distillation. The solution was cool ed dowmn to 500C. At 500C, Nal nefene

Hydr ochl ori de di hydr at s added as seeding., The m xture S .mai nt ai ned at
500C f or gn%édg%ﬁﬂ&%ﬁ%\\g@ﬁme Here BOBP CHURSITIShEBOEN S Upahnsi on was
mei nt ai negowdefysShé Efygﬂ%maﬁice%9&%%%%@)11%%&@&. days. The solid was

filtered and washed wth acetone e wet product was dried
over ni ght under vacuum at 300C yielding 11.5 g of Nal mefene hydrochl oride

di hydrate(chem cal ,.purity 99. 78% ter content 8.78 % w.w.as, neasured by
car - Fyshdroy Pyt aRictoetm grdSifinel s Ryl g AT SRR TR (11 gur o
1) aboyt &) K1Y rafiatRAPLRoWMRS M8RE SATHOMiMH R dRarR s QPRNrdAaN réiNdebn Ni t rogen
fl ow. The thernmogram shows a wei gh-1oss of about 8.5%starting at 0, room

t enper at unedandthe maliged-40°20.25 is1BACter B XBED rénttonsat 89perfay, med at 25C

and at 400C._The shape of the curves were the same at the two tenperatures;
the curvel&g44l600 andl ldfiid® (#)-§728Ure 2. The dihydrate is retained at

relative humdity of 10-95% Adsorbtion to the surface at high relative
humdity is |l ess than 0.2% Desorption of the crystal water occurs
sl oW yundEkamiét. The DVS-curve however shows conpl ete rehydration after

dryi n? at Qu%H, thus the crystal lattice is retained by this treatnent.
X- r aylhonddp Faepaiagion of themopphydhathef ene hydrochl oride. di hydrate as

oL 2L ssing i dutatuaer il Saus B T diflien aorom

XRPD r ef | exid mhef whteB. 1h9 mikOur&@as A&ut@Uyp R0SG. draduird w20 Appl{dd. td dBG)L .

Exanpl e 210w boiling organic solvents. The solution was cooled down to 20°C in one hour

using a linear ramp. The suspension was maintained under stirring for two hours and

15  then further cooled to 4°C in one hour and maintained under stirring at this
temperature for one additional. The solid was filtered and washed with 25 ml of
acetone. The wet solid was dried overnight under vacuum at 30°C yielding 13.5 g of
Nalmefene hydrochloride monohydrate (water content 4.74% w/w as measured by
Karl Fisher titration, yield 61%).

20
2.1b Preparation of the monohydrate
In a jacketed reactor nalmefene hydrochloride (72.3 g) and water (100 ml) were
charged. The suspension was heated up to 85°C obtaining a solution. Nitrogen flow
was applied. The solution was cooled down to 60°C in around 50 minutes and then

25  kept at this temperature for 10 minutes. The product started to precipitate at 60°C. The
suspension was further cooled to 55°C and maintained at 55°C for 10 minutes. The
suspension was cooled to 8°C in around one hour and maintained at that temperature
for 30 minutes before isolation. The solid was filtered and washed with 83 ml of

acetone. The solid was dried yielding 48.6g of nalmefene hydrochloride
30  monohydrate.

2.2 Properties of the monohydrate
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2.1la Preparation of the nonohydrate 25 g of Nal mef ene hydrochl ori de

(chem cal purity 99.24, assay 84.1 ) was suspended in 32 m of water. The
m xture wae 2b@alem®2up to 800C. Vacuum was applied to di stirkbevesbsil i ng
organi ¢ solvents. The solution was cool ed down to 200C i n one hour using a

| i near spensi on was mai nt |ned under stirring for two hours and
t hen furtﬂ&heggg%’zlﬁgw@ﬁeg?%%ﬁ%”ﬁ s s hgated 9 Z‘sa“aﬁa@&)e%mm% at this
t enper at Upgrg a{ﬂ%em@@ﬂeﬁﬁ&gm sha_\k}é‘d £ Qek - M@ssoffa!bbﬁteéf"/%‘é‘ta?tﬂ% Mashgd with 25
m of aceton The wet soli1d was dried overnight under vacuum at 300C

yi el di ng mwragumfan&lahdregehﬁ)qayhﬂpﬁchl ori de nonohydrate (water content 4.74%
w w as neasured by Karl Fisher titration, yield 619%. 2.1b Preparation of
the nonohydrate In a jacketed reactor nal mefene hydrochloride (72.3 g) and
wat er £ 109vy dxpsBinents Rk @p&fontlRE ab UsWENRI AROVRSTHREALRD URe E@vEDGaPb ai ni ng
a sol ution. Nltro en flow was applied. The solution was cooled down to 600C
i n ar oundtBcanicnenle theameva #HéA° & espthoam (Figuse Denperature for 10 minutes. The
product started to precipitate at 600C. The suspension was further cool ed
to 55C and maintai ned at 55C for 10 m nutes. The suspension was cooled to
8C i n ar onndt &hie hatst o AgdaBdMi8s Neh ddkorbBaht 1SHRES Bhdi Be fx@ighB0 m nut es
before isolation. The solid was filtered and washed wwth 83 m of acetone.
The sol i dsi@a¥isgincanssd withithsghug ddy upto halnerdnek by 8et1°0RAde nonohydr at e.
2.2 Pf@pe%}dflgﬁl%%cr&ﬁ@d E@@@Wﬂfdﬁh&l%rﬁe dﬁ!r tho47) Q?Q%/ﬁ}ﬁg of sanple
was heate n an open pan u o en er nogr am showed
a wei gh- [[hssmoﬁntabaatareﬁl@bf&t asr%lmsgg]atncrdamdaervpeo elty,u[lmsalmjweugm gan at  100- 1

100C. DVS experi nts were perfor at 2 and at 400C.. The shape of the
curves waSorresponding to monohydfpate was E@% and a Fg hydrate corresponds to a gain o?

7.2%. The curve therefore showed that the water content of the monohydrate was not

constant but changes with the relative humidity.

15
X-ray powder diffractogram (Figure 6) for Nalmefene hydrochloride monohydrate as
obtained using Cu Kol radiation is shown in figure 6. The diffractogram is measured
in reflection mode in the range 5-40°20. It is characterised by XRPD reflections at
7.39, 11.33, 11.52, 17.70 and 24.27°20 (+0.1°26).

20

Example 3
Preparation of Namlefene hydrochloride dihydrate
Crude Nalmefene hydrochloride (7.67 Kg, assay 93.9%) and water (8.6 liter) were
charged into a suitable reactor. The suspension was heated up to 80°C until the
25  substrate completely dissolved. Vacuum was then applied to remove organic solvents.
The resulting solution was then filtered through a 0.65 um cartridge and then diluted
with water (2.1 liter) used to rinse the reactor and pipelines. The solution was cooled
down to 50°C and 7 g of Nalmefene hydrochloride dihydrate seeding material was
added. The mixture was cooled down to 0-5°C in one hour under efficient stirring and
30 then maintained under stirring for one additional hour. The solid was filtered and
washed with acetone. The wet product was dried at 25°C under vacuum to provide
Nalmefene hydrochloride dihydrate (5.4 Kg; yield 73%) with a chemical purity of
99.89% (HPLC).

20



the sane, only the curve at 400C is shown (Figure 5). Mst of the water of
hydration (4% was absorbed at 10%H. Then the wei ght stepw se increased
wi t h t he worshdhidey200p to 4.3% at 50%RH, but at 60%:H it poddarby/isoseased
to 6.9% and then again stepwi se increased to 7.3% at 95%RH. The anounts
here are given as % wei gh increase relative to dry, thus the weight gain
correspondi ng to nonohydrate was 4.8% and a 1.5 hydrate corresponds to a
gain of 77R%afiBR sEATrehd DEIHRliRLENSIRRIER tyRRlchiiRe Wit Afaicqag ent of the
nonohydrat e was not constant but changes with the rellative humdity. X-ray
powder di fi¢teamunedybyhn{cFDyiiraeti®) ufing a Nidlveeh destengichr bcinbtormete. Ramicleydr at e as
obt ai ned usi Ka.1l radiation js.shown in figure 6. The diffractogramis
measur ed Pf° Eg?r%@??bsﬁe% éllflrlihetttarhlserbﬁ de 5-402q. It is characterised by
XRPD reflections at 7.39, 11.33, 11.52, 17.70 and 24.272Q(0.1 2Q . Exanple
3 Preparation of Nam efene hydrochl oride di hydrate Crude Nal nef ene

hydrochl oride (7.67 Kg, assay 93.9% and water (8.6 liter) were charged
into a suitabl e reactor.fhHe—stuspepstomr—was—Hpegated—tp to 800C until the
substrate conpletely di sg)‘ ed. Va@égm was n appljed to renove organic
sol vents. The resulting sial 4h! on e imen Ty ened t rough a 0.65 mm
cartridge and then dilutled with water (2 11lliter) uslked to rinse the reactor
and pi pelines. The solution was cool ed down to 500C and 7 g of Nal mef ene
hydr ochl oti de pei‘pydr ate seeding material was added. The m xture was cool ed
down to O- P{%* one hour under efficient stirri ng and then maintai ned
under sti R@&m%@ngnﬂe@ﬂahyd@amoerur. The solid was filtered and washed
with acetone. e wet product was dried at 25C under vacuumto provide

Nal net®neThg modeh lignerg eb@ingd dp Exempls 34vgg coygeafrated gogeryiacypna. cheni cal

purity of Ammonium hydroxide was added till pH 8-9. The mixture was extracted with

dichloromethane at a temperature of 30-35°C. The organic phase was separated and
cooled down to 25°C. Concentrated hydrochloric acid was added and the product was
allowed to precipitate. The solid was filtered and washed with dichloromethane thus
15 giving 1.35 Kg of Nalmefene HCI with a chemical purity of 98.9%, which can be
transformed into the dihydrate applying the procedure described in Example 3.

Example S
Transformation of Nalmefene HCl into Nalmefene HCI dihydrate by re-slurry
20
50 g Nalmefene HCI (mixture of monohydrate, acetone solvate and dihydrate) was
suspended in 50 ml of water at room temperature. Vacuum was applied for one hour
in order to remove acetone. The suspension was further stirred at room temperature
for two hours. The solid was filtered and dried under vacuum at 30°C obtaining 39.9 g
25  of pure Nalmefene HCI dihydrate (water content 8.76% w/w as measured by Karl

Fisher titration).
Example 6

Transformation of Nalmefene HCI into Nalmefene HCI dihydrate by re-slurry
30
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99. 89% (HPLC) . The particle size of the so obtained Nal mefene hydrochl ori de
di hydrate was determ ned by Laser Diffraction using a Mal vern Mastersizer S
i nstrumenwo 2Bavdssbe size distribution is reported in tiperioabbe/dsedow
Exanpl e 4 Recovery of Nal mefene hydrochl oride The not her |iquors obtained

in Exanple 3 re conceptrate nder vacuum . Anmoni um hydr oxi de was added
till pH 8342 gr}ﬁ&ﬁmegfm?ﬁl\%@wglx@'ﬁawwwwﬂ%ﬁkfﬁp@rt@ﬁ%ﬁ%@"ﬁd mj of

t enper at upgpf TROs3BAion & PhQaR fooahé%g)emﬁew&k%omg dgRatsed down to
25C. Concentrated hydrochloric acid was added and the product "was al | owed

t o preci pivaatenplTled astot 1.d hmass. filt ered and washed with di chl or onet hane t hus
giving 1.35 Kg of Nal nefene HO with a chemcal purity of 98.9% which can
be transfornmed into the di hydrate applying the procedure described in
Exanpl e 3. Exanple 5 Transformation of Nal nefene HCO into Nal mef ene HCG

di hydrate by re-slurry 50 g Nal mefene HCO (m xture of nonohydrate, acetone
sol vate and di hydrate) was suspended in 50 ml of water at room tenperature.
Vacuum was applied for one hour in order to renove acetone. The suspension
was further stirred at roomtenperature for two hours. The solid was
filtered and dried under vacuum at 300C obtaining 39.9 g of pure Nal nefene
HC di hydrate (water content 8.76% w w as neasured by Karl Fi sher
titration). Exanple 6 Transfornmation of Nal nefene HCO into Nal mef ene HC

di hydrate by re-slurry3.6 g of Nal nefene HC nonohydrate was suspended at
roomtenperature in 5 m of water. The suspension was stirred at room
tenperature. The conversion to di hydrate was conpleted after 1.5
hours. C ai s
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1. A conpound represented by the fornmula .HCl.2H20 2. A conpound accordi ng
to claiml1, wherein the conpound is Nal nefene HC di hydrate. 3. A conpound
accor di ngvoaoang3ppe of clains 1 or 2, wherein the conpeamdbr2809/03020
crystalline form 4. A conpound according to claim3, wherein the conpound
in acrystalline formis characterized by an X-ray powder diffraction
spectrun1pH"E€Nalues using Cu Kai radiation having a peak at 8.99. 5. A
conpound @g&ggggggufgpﬁ%ahgag&ﬂ&h&&ﬁh@ the conpound in a crystalline form
is further characterized by an X-ray powder diffraction spectrumin

2Qval ues using Cu Ka 1 radiation having a peak at one or nore of 10.63,
15.24, 16.55, and/or 17.20.,,6. A conpound according to any one of the
precedi ng cl ai ns bei ) F%ygroscopic and thus less than 1% such as |ess
than 0.5% such as |g han 0, 3% w w of noisture is absorbed when exposed
to 95% RH at 250C.
cl ainms, wherein
rel ative hum di tA&o

oontent is fromabout 8%to about 9% in a
10%to about 95% 8. A nethod for obtaining a
one of clainms 1-7, conprising the steps of: (1)

conpound accgrdi ngtp
m xi ng Nal pf ene Hydkg ide (17-(cycl opropyl nethyl)-4,5- a-epoxy-6-
net hyl ene phi nan- 3, 14-di ol hydrochl ori de) and aqueous sol ution such as
water, (2) optional2Hyg heating the m xture, (3) optionally, distilling the
m xt ure,
5
2. A compound according to claim 1, wherein the compound is Nalmefene HCI

dihydrate.

3. A compound according to any one of claims 1 or 2, wherein the compound is in a

10 crystalline form.

4. A compound according to claim 3, wherein the compound in a crystalline form is
characterized by an X-ray powder diffraction spectrum in 26 values using Cu Ky
radiation having a peak at 8.99.

15
5. A compound according to claim 4, wherein the compound in a crystalline form is
further characterized by an X-ray powder diffraction spectrum in 20 values using Cu

K radiation having a peak at one or more of 10.63, 15.24, 16.55, and/or 17.20.

20 6. A compound according to any one of the preceding claims being non-hygroscopic
and thus less than 1%, such as less than 0.5%, such as less than 0,3% w/w of moisture

is absorbed when exposed to 95% RH at 25°C.

7. A compound according to any one of the preceding claims, wherein the water
25  content is from about 8% to about 9% in a relative humidity of about 10% to about

95%.
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(4) stirring the mxture until transformation is conplete, and (5)
isolating the fornmed solid. 9. A nethod according to claim8 wherein the

m xture iwo(4joes203tirred for at |east 1 hour 10. A net lpod/pacoerdoseg t o any
one of clains 8 and 9, wherein the ratio of aqueous solution such as water

used in step (1 nges. from about 0.9 nl to about 4 nmni eous solution
Rl ref eng MW&%P@@H@ GO%Rf&wdégcqr%ﬁqt%@mnmﬁCl%ﬂalszb ut 2 m agueous
sol uti on éé\ﬂﬁ’\}gﬂi@ﬁ§@£s dppchloride (g), nore preferably 1.5 ml aqueous
solution / | met ene drochloride (g). 11. A nethod according to any one of

cl ai ns 8- 10,(1wevieg Naadiomf Bpdroehldrde(1Gr(cgdorreplnicthyd-4p-o-dpoxiy-i n a
hydrated form such as nohydr ate for 1 net hod according to any one
of “clar ms. 8 R P AR war GhEMRATIRIE) PTG 1ATEReE S P51 o
sol vated foryaey, a mxture of hydrated and solvated forns. 13. A nethod

according to any one of clains 8-12, wherein stirring is perforned in step
(2) and/or ((3)optiopally heptinpidie avswrdi ng to any one of clains 8-13, wherein

the stirring,i t rf.orned at a tenperature of about QOC to
about 450C, qgtgciﬁ?oé@ﬁqg’gdgs)trﬁl%%gﬁdxgg%ut 400C. 15. A nethod according to any

one of cl ai n8) irlidg thehaixaird uhtiardneforeatieOlsicdnipletgtagd (5) is isolated at a
tenperature fromabout 0 OC tg about 200C, such as from about OOC to about
50C. 16. A rfét kelating twsrfaigy s0ddany one of clains 8-15, wherein the obtained
conpoypd is at |east 98% chemically pure, such as at least 99% chemnically
pure or at least 99.5%chemcally pure. 17. A method according to any one
of cl ai ms9.8A hsthddacobitdaigtoaldmarfpeherdingbe chextturead (4) is stirred for at least 1

hour

10. A method according to any one of claims 8 and 9, wherein the ratio of aqueous
15  solution such as water used in step (1) ranges from about 0.9 ml to about 4 ml

aqueous solution /Nalmefene Hydrochloride (g), such as from about 1 ml to about 2

ml aqueous solution /Nalmefene Hydrochloride (g), more preferably 1.5 ml aqueous

solution / Nalmefene Hydrochloride (g).

20  11. A method according to any one of claims 8-10, wherein Nalmefene Hydrocloride

used in step (1) is in a hydrated form such as monohydrate form.

12. A method according to any one of claims 8-10, wherein Nalmefene Hydrocloride
used in step (1) is in a solvated form or a mixture of hydrated and solvated forms.

25
13. A method according to any one of claims 8-12, wherein stirring is performed in

step (2) and/or (3).

14. A method according to any one of claims 8-13, wherein the stirring in step (4) is
30  performed at a temperature of about 0°C to about 45°C, such as from 20°C to about

40°C.
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in any one of clains 1-7 for use in a pharnmaceutical conmposition 18. A
nmet hod for obtaining a conmpound according to any one of clains 1-7,
conpri si ngot2bm/ws®ps of : (a) m xi ng Nal nef ene hydr ochl orica®K2009/050320
(17-(cycl opropyl net hyl)-4,5- a-epoxy-6- nethyl enenor phi nan- 3, 14-di ol
hydrochl ori de) and aqueous sol ution suc ter, (b) heating of the

m xt ur e t_65-a%%ﬂwdécegrsgﬂtg&ﬂ@%PWﬂ%ﬁﬁagﬁa@ﬁévv@mﬂafhe ﬁ?niﬁﬁohédgmam ly,

di stillatHns Qblatdyey FiethptrBulRéh 366 0P AB)aboli@oeC ORlh BY 8 4tk ¢! uti on
obtained rn step (b) or (c), subsequently seeding wth Nal nefene

hydr ochl otd @beut 3d (e) isolation of the forned solid. 19. A nethod

according to claim 18, wherein the anount of aqueous solution such as water
used in step (a) ranges fromabout 0.9 m to about 4 m aqueous solution

/' Nal e enge hy aic@itdal Redidmig(t8hny SHEHE @Binds'O M, alRMin I obiAn@P@Mpodndrs agqueous

sol ution /Nal mef ene hydrochl oride (g), or about 1.5 ml aqueous solution /
Nal mef eneatlyaht 881l dhemerally gyre, s@h a HAY aearienlhgpure omahylcash@9.6%0 cl ai ns
18-19, wh ?&EMB@@%&”Q in step (b) is performed to reach a tenperature of
about 500C'T6 ABJUL 100 OC, such as at about 50 OC to about 90 OC , or at
about 70 OC to about 850C. 21. A nethod according to any one of clains
18-20, wherein the solution in step (d) is cooled to a tenperature between
40 to 500& ahancshoddicayding tpapy @lfi%fgcl%zmt?%hb@ te abigiay agamroung 2s definedt hod

accor gi ng; i 9, engiNf 1.6 Bt 1% iA8- ek &ﬁ;%pvunt of seed crysta
addedﬂ?n ste f isnﬁron1atouf %ﬁ%ﬁ%ﬁw mﬁfﬁ @?ﬁseé crystal of Nal nefene
hydr ochl ori de / Nal nef ene hydrochl oride added in step (a), such as from
about 1/1990 - : :
. A method for obtaining a compound according to any one of claims 1-7,

comprising the steps of:

(a) mixing Nalmefene hydrochloride (17-(cyclopropylmethyl)-4,5-a-epoxy-6-
15 methylenemorphinan-3,14-diol hydrochloride) and aqueous solution such as

water,

(b) heating of the mixture to obtain a substantially homogenous solution,

(c) optionally, distillation of the mixture obtained in (b),

(d) cooling of the solution obtained in step (b) or (c), subsequently seeding with
20 Nalmefene hydrochloride, and

(e) isolation of the formed solid.

19. A method according to claim 18, wherein the amount of aqueous solution such as
water used in step (a) ranges from about 0.9 ml to about 4 ml aqueous solution

25  /Nalmefene hydrochloride (g), such as from about 1 ml to about 2 ml aqueous solution
/Nalmefene hydrochloride (g), or about 1.5 ml aqueous solution / Nalmefene

hydrochloride (g).

20. A method according to any one of claims 18-19, wherein heating in step (b) is
30  performed to reach a temperature of about 50°C to about 100 °C, such as at about 50
°C to about 90 °C , or at about 70 °C to about 85°C.
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(ww) of seed crystal or 1/200 of seed crystal of Nal nefene hydrochloride /
Nal nef ene hydrochl ori de added in step (a). 23. A nethod according to any
one of clwoms10lB3R2, wherein the Nal mef ene used for seedicngr2809¥Eh3P0f ene
hydrochl ori de di hydrate. 24. A nethod according to any one of clains 18-23,
wherein the seed crystal added in step (d).is . obtained by a nethod

accor di ng?td* EICRIHEIcaerige togny A RN ey sehEoBin (s 1. 24, _
wherei n t pe, 1 %tMeﬁlg_&Q%Lgk;BQtf‘JveklMéft@S’O"tda)ndCs@éﬂ?ﬁg %!p@gfohﬁé‘d s88d crystal (s), is

further subjected t urther cooling the mxture to tenperature of

about O-5C0yevaturca ti ne period of about 45 m nutes or nore, and (d")
thereafter nmaintaining the mxture at a tenperature of about 0-50C for
about 45 mnutes or nore, before isolating the formed solid according to

step () 08 A£hritvdiBeordfig 16 iR bROSE AHERMNELING wWhercdihe ARl ofdedd M 18- 25,
wherein the solid formed is isolated at ten‘gerature of about 0-50C in step
W

(e) of cl eiystal@ldedm step BtinGamzdont HEHY towarysasderystal of Nalmefa® 26, wherei n
t he obt ai pe u I.Scat .l 2% i call ure, a east 99%
chem cal | gy%ﬂ&g&%?e /a}gal eeg%te hggl%g&oc‘ﬁee/fan&%gﬁbé%gﬁ)é.E)ucﬁlffl.s ff&lﬁ%rrgl?%%éﬂtgggor di ng
to any of (wiaioNsddd-ctystalwharmonikbel @pitai oTetlaerne thdtobtdsridde f ol | ow ng
particle size distribution: D90 equal to or bel ow 400 mm D50 equal toor

bel ow 200Nahpefeypadekierdiiortds addedi e @D mm with ratio D90/ D50 equal to or
bel owy@. 5; as neasured under the conditions given herein. 29. A nethod

according to any one of clainms 18-28, to obtain a conpound as defined in
any one 023.cA aiattwdlacortlog taary bme af @inarsn®ez)twhesdin therdscfenonsed¥or A net hod

For the 1 qgyery I BT RIS L AR QLT 0o (17-(cvel opropyl methyl)

24. A method according to any one of claims 18-23, wherein the seed crystal added in

15  step (d) is obtained by a method according to claims 8-16.

25. A method according any one of claims 18-24, wherein the mixture obtained in
step (d) comprising the seed crystal(s), is further subjected to:
(d”) further cooling the mixture to temperature of about 0-5°C over a time period
20 of about 45 minutes or more, and
(d’’) thereafter maintaining the mixture at a temperature of about 0-5°C for about
45 minutes or more,

before isolating the formed solid according to step (e) of claim 18.

25  26. A method according to any one of claims 18-25, wherein the solid formed is

isolated at temperature of about 0-5°C in step (e) of claim 16.
27. A method according to any one of claims 18-26, wherein the obtained compound
is at least 98% chemically pure, such as at least 99% chemically pure or at least

30 99.5% chemically pure.

28. A method according to any of claim 18-27, wherein the obtained compound has

the following particle size distribution: D90 equal to or below 400 um, D50 equal to
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4, 5- a- epoxy- 6- met hyl enenor phi nan- 3, 14-di ol hydrochl oride) used in the
nmet hods accordi ng any of clains 8-29, conprising the steps of: (i)
opt i onal lwo 2diostsBiobat i on of m xture obtained in step (ePcEmK20)9/050320)
basification of the m xture obtained in step (i), (e) or (5), (iii)
extracting the mxture with a suitable organic solvent, (iv) adding

hydrogen enbadew d80 tand 0aupldaioabriay t0nems witheuiosdPY/B50 squal jo pet hod
accord'ngb&Bin%%ﬂE%Qmﬂ@@@@%%ﬂ%%ﬁm,R%%%g%gﬁh&%h{n step (ii) is perforned

until pH Is 1nthe range according to claim 31, wherein
the basification in step (ii) is perfornmed until pHis in the range 8-9.

33. A nethod according to any one of clai 31-32, wherein th asification
n step (P PetdracerTHing twaflﬁoam%wlmﬁaiﬁ%» xpljain asf:@mpﬁzuﬂ%%gﬂ%gaco_r di ng
Lo anys ong fly dkair Bhirdd 1 3% YOSk &l hathifes®laY Elthiosiaal | N the extraction

step (1ii) e are selected fromthe group conprising hal ogenated
hydr ocar bons, ethers, esters, ketones, nore preferably dichloronethane,

2-met hyl t et r ahydr of ur ane, et hyl etate - but ano and nor erably

i ohi of oreb b metsd AT Svede oS Rty ik oBe B SPlep MRy B her i n

t he obt ai pgd;-epROELREHySerRind §&p§$@%&h%ﬁh&@hkﬁd@qﬁ&ihﬁ&é%ﬁﬂﬁx@t | east 99%
chemcally pure or at l'east 99.5% chem cally pure. 36. A pharnmaceuti cal

conposi t i aerorbnpanyse imdaims Sotth somgrisisg dufstape@li n any of clains 1-7. 37. A
phar eutical conpasitign.according to claim 3 er.ei,n Nal mef ene
hyr olhi or i a0 o npaoae> SBNARRELY MR EaBe Tt/ ISEN ae &t feast 10%
(Ww, at |qapt 3AUficton @ahé nbAYb(obtanal inlsepst), {0% (W W), at | east 90%
(ww), at least 95% : : . )

(1)  extracting the mixture with a suitable organic solvent,

(iv)  adding hydrogen chloride, and

(V) isolating the formed solid.

15
31. A method according to claim 30 wherein the basification in step (ii) is performed

until pH is in the range 8-10

32. A method according to claim 31, wherein the basification in step (ii) is performed

20  until pH is in the range 8-9.

33. A method according to any one of claims 31-32, wherein the basification in step

(i1) is performed with ammonium hydroxide.

25  34. A method according to any one of claims 31-33, wherein the solvents used in the
extraction step (iii) are are selected from the group comprising halogenated
hydrocarbons, ethers, esters, ketones, more preferably dichloromethane, 2-methyl-

tetrahydrofurane, ethyl acetate, 2-butanone, and more preferably dichloromethane
30  35. A method according to any one of claims 31-34, wherein the obtained compound

is at least 98% chemically pure, such as at least 99% chemically pure or at least

99.5% chemically pure.
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(ww, at least 99% (W w, or 100% of the pharmaceutical dosage form 38. A
phar maceuti cal conposition according to any one of clains 36 or 37, further
conpri si ngoenm/@B29a0r € pharmaceutical |l y accept abl e carr ipermK288/056820
pharmaceutical conposition according to any one of clainms 36-38, in a solid
dosage form such as a tablet, for oral admnistratjiaqn. 40. A

phar naceut”?d%?ﬁ@a}?ﬁ?}g}c?]i GHRRS LR SR IE188 aﬁynwﬁ%nf{ﬁs AP dwofo conpri si ng
a conpoungj,gecprding to any one of clains 1-7 in a therapeutically
effective anount. 41. A pharmaceutical conposition according to any one of
clainms 36-40 conprising a conpound according to any one of clains 1-7 in an

anount of _abput 10 . to about. 100 , Such. as, abput. to about 60 ng,
Sbout 10 1y & BhaBEeRRg SRSl oA gGRAT I8 W aih 36 KOSEPRAF S pr oduci ng &
phar meg e uhy &aéhl SQNPARY drh REoAHiI9EHt Mchst S%%G/Yv%}?@@ckpis £ 1ALNBOR Bw/Ahd, atconpri si ng
a nmet hod according to any one of clainms 8-17 or 18-35. 43. conmpound

accor di ngleegs 3 aiapdeastD0% or/wuatdedsh70Pe divew h et least 90THeav/ws.et dfasted Sonpound
according, to.a 0f ¢l .ai > 1 10r r i conmposition

accordi ng(VtV}gv)aérj%e%Egg%f(wc‘fgf)prrzo%-oﬂh,e Rh%FH{I%g{{%gﬁg%agg%@é of a nedi canent

for treatnent of al cohol dependency. 45. A conpound according to any one of
clains 1-7, or a pharmaceutical conposition according to any one of clains

36-41, fopSubehamiacuiseheampostioniaeiding de penerslylails 34 ordt hisethetor treat i ng
al cohgy d@&ﬁ@%?ﬂ%%gnec&rﬁ%ﬂe}h &%@ié&ﬁ@%@&@%@ igsapeutical Iy effective
a co In (0] or c

anount of und acco g to an n alnms 1-7, or a

phar maceuti cal conposition according to any one of clains 36-41, to a
atient in the need thereof. .. : : : :

P 99. KI pharmaceu‘urg:alr composition according to any one of claims 36-38, in a solid

dosage form, such as a tablet, for oral administration.

15 40. A pharmaceutical composition according to any one of claims 36-39, comprising a

compound according to any one of claims 1-7 in a therapeutically effective amount.

41. A pharmaceutical composition according to any one of claims 36-40 comprising a
compound according to any one of claims 1-7 in an amount of about 10 mg to about

20 100 mg, such as about 10 mg to about 60 mg, about 10 mg to about 40 mg, or about
20 mg.

42. A method for producing a pharmaceutical composition according to any one of
claims 36-41, comprising a method according to any one of claims 8-17 or 18-35.
25

43. A compound according to claim 1-7, for use in medicine.
44. The use of a compound according to any one of claims 1-7, or a pharmaceutical
composition according to any one of claims 36-41, for the manufacture of a

30  medicament for treatment of alcohol dependency.

45. A compound according to any one of claims 1-7, or a pharmaceutical composition

according to any one of claims 36-41, for use in treatment of alcohol dependency.
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46. A method for treating alcohol dependency comprising administering a
therapeutically effective amount of a compound according to any one of claims 1-7,
or a pharmaceutical composition according to any one of claims 36-41, to a patient in

the need thereof.
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