Nalmefene Hydrochloride Dihydrate The present invention relates to a novel non-hygroscopic form of
Nalmefene Hydrochloride, namely Nalmefene hydrochloride dihydrate, in particular for oral dosage
forms, and methods for its production. 5 Background Nalmefene is a known opioid receptor antagonist
which can ithfbR* B Ecological effects of both administered opioid ag(gﬁig/@plgﬁ@@?fgg enous
produced agonists from the opioid system. The clinical usefulness of Nalmefene as an antagonist
comes from Mals«ilityici promhpiige(Bilgy deddetively) reverse the effects of these opioid agonists,

including the{%@%&‘s”&%ﬁ%&ﬂﬁﬁ?&%@é?@é R IBEGEnNaAl ReDaUS YYIPRL ARG e respiratory system.

Nalmefene has primarily been developed for use in the management of alcohol 15 dependence, where

it has showntijsierbieideimapeedNeimefeacdo drryiatls difsr i BarehedeliEveddrinking to be

imminent (ahpuiol-Z,heurs.Befeg.diinking)h dsrihivyaara 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 angiastinantlalmefene has been used, for example as a parental solution (RevexTM).
Nalmefene ig an opiate derivative simjlar in structure t tf\g piate antagonist Naltrexone. Advantages
of Nalmefenséq?lgf}ﬁ?%ctlﬁ ROSHPARSIRE cﬁ‘f?&gt%ﬁaieargﬂrélﬁ%-‘f ife. ?glgl@;&é%g?g'ra%a%ala%ﬁg ility and no
observed dos&edapdndantdivartexicitypibidlagefesne diffens dponv N altoexorbabysubStitmtion of the
ketone group,at the.6- position of Naltrex NS I ?ﬂ?ﬁ%ﬁ%@%{gﬁﬁ B Whichseqnsiderably
increases biﬂ%ﬁnoé) ig%ﬁr%%? gl’t?l%ep%%ﬁ%ldur%c%%é?oNalme ene also haé%%ij gffinity for the 30other
opioid retepibrstikitarid ereamehtirey, salvdtisdknonreas Ge gHversdltheragpaistegerits.ability to block all
three. including the often observed depressions in the central nervous system and the

respiratory 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., 4lcohol. 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 deveclopmental 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 (CHy) group, which considerably increases

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

for its ability to block all three.



Nalmefene can be produced according to the method described by Hanh et al., (J. Med. Chem., 18,
259-262(1975), Mallincicrodt (US 4,751,307), and Meltzner et al., (US patent No. 4,535,157). By using
the above-mentioned methods, the free base of Nalmefene is obtained, which subsequently can be
converted into the hydrochloride salt, by use of conventional methods. According to Brittain, (Analytical
Profiles of DrabrSishstemchs moduExdipientsi(p308)eVindiBdd ples3Bed95)HNMalmetdné/hydrochloride can
be recrystallj e?dgj m water, givj rug sub , V\gﬁllf,? inevit onsists of a monohydrate
crystal phasjlge n %néérfléé %ggl\g\%%@gerﬁﬁhgﬁ% r%%eopﬁggg of N& rrqzié%ne hya(ir%gﬁ{(fﬁé?é’is described as
essentially rbi¥-pygrosdapicsdméei.can only sorb up to 1% of adventitious moisture. 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-hygrosébpising dhatebfout oéNelasd efete dn dhe éthroks éorfits ainasfufectusinginsdymmary In one
aspect, there,is proyided a Nalmefene hydrochloride dihydrate represented by the formula .HCI.2H20
preferably. in B‘Sgy%‘ié?ﬁﬂ‘ée%%c"’@a{’ﬁ ﬁgl‘?ﬁé é?r%g R&ﬁ? g%%%)r{%eogay%ar%te% ¥sur‘ci'%ﬁfhygroscopic. The
present discloswetfontheratblates to two methods of producing Nalmefene hydrochloride dihydrate:
Method (I): transformation of Nalmefene hydrochloride into Nalmefene hydrochloride dihydrate by
re-slurry in aqueous solution, exemplified by water, such as pure water, and Method (11):
recrystallisafioroofihNatmBfatehydrodiorid Erivdeusois: s dutionnexcoplifiediywaidYGuch as pure

water. In o ct, t ided a re-slurry, method (Method 0 for abtaining a compound as
defined abou, 3B e S B S R e
7-(cycloprogyimmeth piiré Gax epbupBenvativjlemamarphioar:@slof diodinyldrdeiangeiland aqueous
solution, e"%ﬂé@é‘f 'ﬁ1dt1l1)é/ s\év:r%teerrévsi%%vhtﬁes 815%}1%%;%{6 phase of Nalmefene hydrochloride is

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

adventitious moisture.

© 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

form of Nalamefene and methods for its manufacturing.

Summary
In one aspect, there is provided a Nalmefene hydrochloride dihydrate represented by

the formula

HCI.2H,0
preferably in a crystalline form. Said Nalmefene hydrochloride dihydrate is non-

hygroscopic.



(2) optionally, heating the mixture, (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) isomﬂmgrﬂsenmmdssfﬂidlﬂmﬁnemes ast)e@&nﬁnbdsdds;bpmﬂhiemgh@ﬁwﬁﬂﬂisation method
(Method Il)é or,ob ﬁogn ound as defined above, comprising the steps of: (a) mixing Nalmefene
hydrochlori g‘%ﬁ? ak % méthyl) -4,5-a-epoxy-6- methylenemorphinan-3,1 4-diol hydrochloride)
and aqueous soluﬁiﬂeﬂmﬂe{iﬁpﬁrﬁ&ﬁd&mm&%&mﬁbﬂeﬂnﬁq&urleym@mﬂoﬁ’ﬁx)mmlmgimﬁék‘@@nlxture to obtain a

substantially homq%]%n L{Pj oluti ‘%Jg tlonal distillation of t 03\}? mixture o%gn d in (b), (d) cooling
of the solution obtamed i EEE% ORI é&gﬁﬂ)ﬁ%‘é%d}ﬁé HPRARTEHR ochloride, and (e)
isolation of the form&tﬂe@@hdhésfpmthem&mbﬁmiment of the present disclosure (Method Ill) is a method
to recover any un gs efene fro e me 59 nd.Il, comprising the steps %IEHS-:‘ optionally,
distillation of mothﬁel%ﬁo JtAat g]gm #&O meo nﬁ Isllffifcbrg‘g?ﬁb%e[q&agﬁﬁ iquors
obtained in step (|)s>mﬁpﬂxmeth‘eymeﬁmd§1¢l) o fliye Kitijeextracting the mixture with a suitable organic
solvent, (iv) adding hydrogen chloride, and (v) isolating the formed solid.
In one aspect, there is provided a re-slurry method (Method I} for obtaining a
compound as defined above, comprising the steps of:
{1) mixing Nalmefene Hydrochloride (17-(cyclopropylmethyl)-4,5-0-epoxy-6-
methylenemorphinan-3,14-diol hydrochioride) and aqueous solution, exemplified
by water, such as pure water,
(2) optionally, heating the mixture,
(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) 1solating the formed solid.

In another aspect, there is provided a re-crystallisation method (Method II) for
obtaining a compound as defined above, comprising the steps of:

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

(e) isolation of the formed solid.

A further embodiment of the present disclosure (Method 111} is a method to recover any
unused Nalmefene from the methods I and II, comprising the steps of:

{i) optionally, distillation of mother hquors obtained from method (I} or (IT)

(i)  basification of the mother liguors obtained in step (i), or from the methods (I)

or (1),

(¥R



The present disclosure further relates to pharmaceutical compositions comprising Nalmefene
hydrochloride dihydrate, Nalmcfene hydrochloride dihydrate for use in medicine, and in particular the
use of Nalmefene hydrochloride dihydrate for the manufacture of a medicament for the treatment of
alcohol dependency. Brief description of the drawings Figure | Shows TGA thermogram of the
Nalmefene hydrochleridariyeratetufhe yhaxisshisiwerihaipetdeatgge in mass, and the X-axis shows
temperatures (C). Figure 2 ?hows VS experiments performed at 40C of Nalmefene hydrochloride
dihydrate ( Iotfé%ﬁgéﬁ% Iﬁ%é%@ﬁ &nBit the change in mass relative to anhydrous (%), and the
other y-axis(fright) idispliaysiibedangeteditelative 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 showsliterintendity(conniinhanct Ehes xegptisishovvsithiecdhbetaiamotempiigigre 4 Shows TGA
&h%/vfslthe percentage in mass,

thertnogra the Nalmefene hydrachloride moneohydrate. The.y-axjs 1
and the x-wniwl(éis eo%ﬂ%?ﬁ%%&%fﬁ%{ggg}gérﬁg%\}%}@cg%%&v%&bv?%ﬁ%%en%s p%rfloSFnll%d at 40C of
Nalmefene tnedrocklaridénmantiohlad thearfd gt PlaltheTine fipsrgebiidddetihshoetw finglshange in mass

relative o aphyeliaus, (%), ek e SRS XS SO RIS s dargeted 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

hydrochloriqﬁ,{pp@@aygyﬁa%fgpﬁl\g-aWHvas the intensity (counts), and the x-axis shows the 2Theta

angle(). Detailed description of the invention The present invention relates to Nalmefene hydrochloride

dihydrate repasenteaBysthe defswroaiameat the Nz thyshias doiliby fatendlenk hydrochloride
is particular advaniagentisdrdiabit i mRAONRY HOSEARIS AR E@&fﬂ&ﬁt&r@r@eﬁ-hygroscopic feature,

the physicalgproperties 5can moré easily be controlled. This is of great importance when preparing
H

solid dosagE#BHad Shewab Branyneaimenstanleommen st HEIGRhY swnefenttudseridondns
dihydrate (dry plot}). The first y-axis (left) show the change in mass relative to

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
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
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

2Theta angle(®).

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

the below formula



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 blist&¥8 B avoid stability problems due to humidity. Thesé GieRHvaNAYas are avoided
by using Nalmefene hydrochloride as the non-hygroscopic dihydrate. 15 Nalmefenc hydrochloride
dihydrate is characterized by beingHon-hygroscopic and stable in its water content. The compound
does not absorb or lose @ en exposed to a relative humidity (RH) of between 10% and 95%. 20
As shown in Example 1 ofthespfesent invention, DVS (Dynamic Vapour Sorption) experiments were
performed at 25C an & Theesults showed that no water was absorbed by Nalmefene
hydrochloride dihyd -,_= 5% RH. In contrast hereto, as shown in Example 2, Nalmefene
hydrochloride as’monaétsyd bsorbed about 2.5% water when exposed to 95% RH and 40C. 25
Furtheolore, tie|result in ExXam showed that in contrast to the dihydrate, the monohydrate form
changes in the water cgnfent with the surrounding humidity, and at RH above 50% the monohydrate
form changed into a new sfructure with higher water content. It is therefore an important characteristic
of Nalmefene hydrochloride dihydrate that it 5 is non-hygroscopic, as defined above. Thus the present

invention relgigs Nl eiane Mdiachiaridesdibidrate Whishds AoRVAIAKRRICHANIGARING that less

than 1%, such as leéss than 0.5%, such as less than 0,3% moisture is absorbed when exposed to 95%
RH at 25C. TONAYRTBRSRRINy B ERIBHiAE AR PaPatE SO RS ARG SBRE BRSE RERSEF DY X-ray
reflections at.angles 8:29 10 &3urbBs4THE. Banetd 120200 k2Rasdpeagusetkusing Citicii radiation,
and having water content of about fnto about 9 %,.such as,a out 8[{10{(1)1’1‘\’\' ils% tg?omn%nohydrate of
Nalmefene HRTASEHRIS IS LaE Sl M ASE LU RN A RRS TS B8 Ay PRHSEiaRs ‘SHAhgles 7.39, 11.33,
11.52, 17.70candisleB/@:Ab(abl2ap rndnvatesdontent of 4-7% depending on the relative humidity of
the

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

10 products entails the usc 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  As shown 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



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 cofpAeEdedast 5% (w/w), such as at least 10% (w/w), at led<t BBFF 418285006 (wiw),
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 pharmacgRitigiahdodHgetfonmnaadictddirachrabdd sage femytagus sintlkghnt selig dosage form

such as a tat&!}entgF%ahnefene hydrochloride dihydrate is in particular related to the use in the

manufacturing of a medicament for the treatment alcohol dependency. 30in a further embodiment, the
present invention relates to a method for treating alcohol dependency comprising administering a

therapeuticaHyigfﬁ%%%?cad@W&Wa&&e%ﬁ%m&fﬂ%@@% diydrats: & Gl Raphaipaceutical

composition (such as a solid dosage form, e.g. tablet for oral administration) to a patient in the need
thereof. By tia%eriy sipgratedsdalpetdaire BrisimriesmidraeaisnrdasnsuNedBes st a compound

or pharmacegigaaemposition-that iscaufficiantio-predicarRpmitective-tespense, (h abiological or
medical response of a tissue, system, animal or human Ssought by a researcher, veterinarian, medical
doctor or oth@?%fﬁﬁ%igﬁ)/bBB?M&r{ﬁf’ﬁi@r‘?ﬁtﬁ’o%‘té“&‘Bté‘ﬁ%ﬁt%ﬁ‘fg’%é%ﬁﬁeeﬁ‘ﬁ%?@‘8f?§/c%\§er££mount" will
vary dependm@#cinter alia the disease and its severity, and the age, weight, physical condition and
responsiveness of the patient to be treated. Furthermore the "therapeutically effective amount" may

vary if the compound of the invention is 10 combined with one or more compounds, in such a case the
amountl6f a divlemctombpimdchinigist devidarers suestdlnssiidifbotvedrpdbntX-rafhe term 'distil' refers

to amethod of senaatng.mixuies basgcandiferenap ip delovalptiigs n gl iauid mixture.

Application of vacuum such as partial 15 vacuiim is‘an example of such separation method. The tern’
‘chemical purityngs@ilienritdiniarmatdieaniagvatithiontetart anditAis veders to.theelleyree to which an

e rdBgH 5, CORIATIOAIEA DRy iR AGeainal RGP elaRdamEatnd wrich is
least 98% chemically pure comprises 20 at most 2% of impurities. The chemical purity may be
measured bychapcdBred by X-ray reflections at angles 7.39, 11.33, 11.52, 17.70 and 24.27°26

15 (£0.1°28) 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.



The term “assay' refers to the effective content of the desired substance expressed as a weight by
weight percentage (w/v0/0). 25The 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 processWh&EReH&crystalline material is suspended in a solvent ors S Ai%idle at an

appropriate temperature whereby the crystalline 30material partially dissolves and patrtially crystallises
again thus permitting its transformation into the desired form and/or its purification. KF refers to Karl

Fisher tiratiog, ([ GA eI TREMMOGERUTENIE ARAAR DY Sl ipdRuamIc Vapour
Sorption’ 5In the present invention, the term "substantially homogenous solution Is intended to mean a
liquid mixture$repobhdicipleatmdiesdteber megatian thatHespibsmnt favspdiss, neltestiy?seeding” is

intended to m@s@ent!ee@,ditiﬁ@m@aﬁm%@{m%@p%gé@g@sg%msi@tte%nt,%macapia@m of the product.
10 In the present context the term. "non-hygroscopic” is intended to mean that less than 1%, such as

less thar 0.55%¢EAY 449885 van ooty BrefERS AT s AEBFhEGHEN WBosed to 95% RH at 25C.
15In the presgitiaRatexs Rsticle-sizgsara deteumiard dy-tasesfiacianuasing a

depending on inter alia the discase and its severity, and the age, weight, physical

condition and responsiveness of the patient to be treated. Furthermore the

"therapeutically effective amount” may vary if the compound of the invention is
10 combined with one or more compounds, in such a case the amount of a grven

compound might be lower, such as a sub-effective amount.

The term ‘distil’ refers to a method of separating mixtures based on differences m

their volatilities in a boiling liquid mixture. Application of vacuumn such as partial

15 vacuum is 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 ¢.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-shurry’ 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 agam thus permitting its

transformation into the desired form and/or its purification.

KF refers to “Karl Fisher titration’.



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 m%{to about 60 mgq,
about 10 mg“f8 5\‘38{?{5%%9, or about 20 mg. The term "alcohol dependel?gcf/ﬂ)gzgf}% f’ﬁ%nly known

term for a skilled person which, in the revised 4th edition of the Diagnostic and Statistical Manual of
Mental 25 Digérfierse(DSNIEheR)-(Diagnistdant 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 tolerah¥e relddnce arasinawars#drome when alcohol is discontinued or intake is
decreased, potential 30interference with life functioning associated with spending a great deal of time
using alcohol and returning to use despite evidence of physical or stho,LQgical ?flems. The
pharmaceutida PSR BReEERTH HSAT R aF s HEHE Y BPouHE s g‘fh‘);%té %VP?[‘? r comprise one
or more phaimageutigallyaceeptablecCattivksunMeibiods darthel preparation of solid pharmaceutical
preparations are well known in the art. See, e.g., Remington: The Science and Practice of Pharmacy,
21st ed., Lippincott Williams & Wilkins (2005). Solid preparations, such as tablets, may be 5prepared
by mixing thdmttiverisgredientsonithearor tinadip gaisiatesdohtasnamabijuadditiender diluent, and

SUbseqUent'%&%ﬁ%ﬁ?ﬁﬂn&E@fs&@%"iﬁﬂﬁt@ﬁ‘?é) ggﬁgtgﬂgﬁmp&el}g%%piting examples of adjuvants
ude: corn starch, lactose, talc

and/or diluents Inc um, magnesium stearate, gelatine, lactose, gums, and
the likelAny other adjuvant or additive such as colourings, aroma, and preservatives may also be

used 10provigegdhatdiey.aie.canenatipiewith, hesastive ingrediente. fbs phalmaeatical

compositions of the invention thus typically comprise an effective amount of Nalmefene hydrochloride

dihydrate and Bn&'gh Aidres phErha e tchiy StsdBptdb iy CleE moisture 1s absorbed when

exposed to 95% RIH 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) (Diagrostic 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 hydrochioride dihydrate may

further comprise one or more pharmaceutically acceptable carriers.

8



15According to the present invention, it is envisaged that Nalmcfenc hydrochloride dihydratc 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 ¥PHEEBA 3n an embodiment, Nalmefene hydrochloride di%’ﬁﬁ@%?@?&?gbly
administered in the 20form 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.

Namefene NRigElofdR AR ma b ohARed b Akl R meiRode (e 1), as wil be

outlined below. 25Method ansformation of Nalmefene hydrochloride into Nalmefene hydrochloride
dihydrate by #he-8flrbysre dautanisgoRitids, Mierradni dres isa o Bpuresvaterdnd Method (11)

re-crystallizatign ot Netmefene Avgrachlquioesin agiuerys:saluioR. Skieh sl watREyUCh as pure water
30 According to one aspect of he invention, he re-slurry method (Method (I)) comprises the steps of:

(1) mixing NRFRFSASHYHBEHISTRIE (T RETERIS S figTans At Posych 25 an
methylenemargphinan:aibd diokiydigchlgggenand aapeusolhtionxsuch asavhtigingsuch as pure water

solating the TSIRET <O T HE SiABOATLALEY HEHA T, RATQTen Al e s transformed
into lactose, talcum, magnesium stearate, gelatine, lactose, gums, and the like. Any other
adfuvant or additive such as colourings, aroma, and preservatives may also be used
10 provided that they are compatible with the active ingredients, The pharmaceutical
compositions of the invention thus typically comprise an effective amount of
Nalmefene hydrochioride dihydrate and one or more pharmaceutically acceptable

carriers.

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 Nalmelene
hydrochloride dihydrate. Nalmefene hydrochloride dihydrate may be obtained by any
of the methods (1) and (I}, as will be outlined below.

25 Method () 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 oft



10Nalmefene hydrochloride dihydrate by re-slurry in aqueous solution. In another embodiment
Nalmefene hydrochloride is transformed into Nalmcfene hydrochloride dihydrate by re-slurry in water.
In yet another embodiment Nalmefene hydrochloride is transformed into Nalmefcne hydrochloride
dihydratc bﬂ@%‘ﬂfmﬂ?%ure water. 15The ratio of aqueous solution such 5y Wi %gr‘g,mssuéﬁoas pure
water, used in step (1) may range from about 0.5 ml to about 4 ml agueous solution /nalmefene
hydrochloridél {g)isug hasitiens Eyduechlmide dbdurdapiomylieelizlsdiatioanersiriefene hydrochloride
(9), more preferahly, ahouh b8! RAksPHssotiprHNAIMEiERR fvdivshiatdes@hdhe Nalmefene
hydrochloride used can be selected from any hydrated or solvated form of 20 Nalmefene or mixtures
of hydrated &wéI@f 88I9ataETorms with or without solvents., In one embodiment Nalmefene
hydrochloride,agimanabykatadssesdn.another embodiment of Method (1), Nalmefene hydrochloride
is used in hydrated form. In another embodiment, Nalmefene hydrochloride is used in solvated form. In
yet another émisBHREhE, FNeiiesdhe MiiFSthioride is used in a mixture of hydrated 25solvated form. In
an embodimentafrivietheeh(Rmaglvents comprised in said hydrated and/or solvated forms are selected
from the grOL(J (fo?iigtir% e(%fo%glzgf{%gﬁ n-propanol, isopropanol, dichloromethane and water. In one
embodiment'said’€olVent is acetone. Tn another 30 embodiment said solvent is n-propanol. In yet

another embodiment said solvent is isopropanol. In yet another embodiment said solvent is

dichloromet IR yet : bogli ' ' i HEang,i siep (2) is an optional
step, which r%%%/%ﬁr%?)g%grr%hggr%%%%%@?%ge%%ﬁigﬁﬁg%%\gﬁa%érease the dissolution rate of the

mixturel 8btaiNdnpfestdy ) chiradsatiivg s spaturey it e Broth d e iRsStances. Under some

circumstances,iiaimixing ik ke offigientivRes Rrmasathiapmtemparane (Aahenddt is envisaged
5that in one embodiment heating in step (2) is to about 50C. In another embodiment, heating in step

(2) is to 50C HP1EE¥E by ARStHEY ShEeintRAChEiRY EhP s 1(2) s Sio N B8 W %hout 40 C. In

yet another embadimentheatingin siephiRiris i abouhsoEIBStepiR) angistepatd). may be performed
with or without stirring. The distillation in step (3) may be performed to remove organic solvents if
present in the mixture. The distillation may be performed by applying Vacuum.

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 m! aqueous solution /nalmefene hydrochloride (g),
such as from about 1 ml to about 2 mi 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  Nalmefenc 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 (1), Nahmefene 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 (1), 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.

10



15The stirring in step (4) may be performed at a temperature of about OC to about 50C, such as 45C,
such as from 20C to about 40C. In one 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'%? BE&PERE nour. 20The solid can be isolated at a temperatﬁ(r:eT %llfﬁ?rqg{ﬂsegsfzaonge of about
0-25C such as 0- 20C and more preferably in the range of 0-5C in order to lower the solubility of the
product, sucHeasiig watep, @ht to irrtiesssttne whsth. Trheuseiitsamay wadistatdy byosfikation and washed
with a suitable sqlvent, Solvents farwasHNgR IR WA ARG ofwater/organic solvents or

pure organic solvents, Preferably water is used 25and in a further embodiment pre-cooled water is
preferred. WAEHTSHERE SBIFHIS SFERSt rRsomia e dnts (enF OB mEGtidbfines) are

preferred. IngRe,emhpsineRtsassasolenisssahapasairneanseihyl aeataiszate used. In one
embodiment acetone is used. In another.embodiment ebthyl r%?%%t te is L};ﬁsed. Oél?pne roduct can be
p e

dried undler HATHERRE HBELAGERSE SHtdrably B R tediperat P RS TAIGE 25 35C. 1t is
envisaged thakthg abtaipet) compoihdrikat leasic@tdeohediceadlyhpaieg suthsas 42 least 99%

chemically pure, or at least 99.5% icall e. Accarding to one asp f.the invention, he
re-crystalIizatt?oarfiJ fhe toog ?R/Iae ?luotdﬂﬁ)? c%}’r%o%llg%%e %mé%gﬁglglﬁ %gf(eﬁ%%}%né% ﬁ%gzé%gﬁe hydrochloride
(17-(cycloprepyim#ifyl)-4,5-a- Sepoxy-6-methylenemorphinan-3,14-diol hydrochloride) and aqueous

solution, such as water, such as pure water, (b) heating the mixture to obtain a substantially

homogenous solution,
10 Step (2) and step (3) may be performed with or without stirring.

The distillation in step (3) may be performed to remove organic solvents if present in

the mixture. The distillation may be performed by applying Vacuum.

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 one 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 0-3°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 suitabie 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.

Tt 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.

11



(¢) optionally, distillation of mixture obtained in step (b), (d) cooling of the solution obtained in step (b)
or (c), subsequently seeding 10with Nalmefene hydrochloride, and (e) isolation of the formed solid. In
one embodiment of Method (II), Nalmefene hydrochloride is transfocined_into Nalmefene hydrochloride
dihydrate bng-?:?%f’gﬁffétion in aqueous solution. In 15another embodinfént W‘éﬁﬂrﬁ%{"g%%%ydrochloride
is transfoimed 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. 20The,amounh of ARUEAKS SPIMHGH, SHIER ARNAIGLBHEM ASHIME WAIR A j$ used in step (a)
may range from about 0.9 ml'to about 4 ml aqueous solution PNalmefene hydrochloride (g), such as
from about 1RiPR5iEsAbE 8991 gueous solution /Nalmefene hydrochloride (g), or about 1.5 ml agqueous

Pychated or Sohvated 25 oty of Nalmeione of miduree ot A0 coclot satvated forms withor
ydrated or solvate orm of Nalmefene or mixturgs of hydrated and/or solvated forms with or
without solvents. In one eﬁ%ﬁ?ﬂ]ﬁﬁgﬁ%ﬂﬁ%ﬂ%@(ﬁﬁ?ﬁ&%ﬁéﬂgé{%ﬁ%ﬁéﬁgi%qﬂg%‘ff in hydrated form.
In another embodiment, Nalmefenadydreeharidehissused wesolvated form. In 30 yet another
embodiment, Nalmefene hydrochloride is used in.a mixture of rated. sol th-f rm. In an
embodiment of Met §d (1), aétgf\%iﬁ sﬂé%tmmber%e%tlﬁ"nsgi%l %/?it}g%ég g%‘&? eé% \éllgée%l ]f%%r’ms are selected
from the group consisting gftmetbméﬁﬁlbtf@paﬂmibg@m_ebm éﬁcﬂmr&he_thane and water. In one
embodiment said S(&Ij\jent %&%%%égoqﬁl@gg%g@p@g{@ggr(?@ 89/\veRLis,BRLPRARRL In yet another
odim

embodiment said solvent is isopropanol. In yet another em ent said solvent is dichloromethane.
In yet aHbther embodimerit $atiadariant fy dragstosdrrdduspension may be heated until a substantially

homogenous solutigg is ORAINRE. of the formed solid.

In one embodiment of Method (1I), Nalmefene hydrochloride is transformed mito
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 vet 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 m} 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



i.e. a solution. The heating in step (b) may be performed to reach a temperature of about 50C to about
100 C, such as about 50 C to about 90 C , or about 70 C to about 85C. 10 Partial vacuum may then
applied to remove traces of organic volatiles, if present, in step (¢).  The solution obtained either
from step (bW@r’é't]é’fﬁa%ay optionally be filtered (e.g. 15through a 0 65 'G‘Er?’%%‘r’t‘r‘.‘%%”é?%“ remove
foreign matters before proceeding to step (d). In step (d) the solution may be cooled to a temperature
between 40Gligiabonehos andweetdd oh ombawlinisodividrobioHasinvdpnpAn tiwbeeding is performed

at a temperalyic, RIS Q0] AN NG PR RARY A RMEFOFBRHD A iRl ac20 hydrochloride

dihydrate crystals. The Nalmefenc seeding material may, in one embodiment of the invention, be
obtained by fHePFaPaRsIEHBaI g8 graprideorrat anstirineorsier e listst added in step (d)

may be from abaist LR00Rhunh Rf oo Grystadof Nalmefene hydrochloride / Nalmefene
hydrochloride added in step (a), such 25as 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 ramprisushesddasisosding:rampiihndubsn apptopiate tiwingoducin &scdtaigatpus stirring,
impede the c.r)%stals? Ireac}.ylgqnned to %{%\ﬁg 1[}{t]ge_rbéa}nd Ohelcp fo, garccﬁvai,L ea Q{&Q}JCC})QNith a well defined,

LY. F SOAUEION. 1?&1111 1 ]%GT' OT1INe éO é) ) .
narrow and refatively small parficlesize cooling‘from seeding temperature to isolation

temperature shayt 36 accormplisHEd Gvithirh asfebpiidr a e amore’préfe ratslyowitFiid thour. The seeded
mixture obtai&%q[titgss@p (d) may therefore further be subjected to a cooling, such as a fast cooling,
which comprises the steps of: (d') a further cooling of the mixture to a temperature of about 0-5C such
as overld time period of about 45 minutes or more, and

Partial vacuum may then applicd 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 um 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 (1) 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 (2), such

[
U

as from about 1/1000 (w/w) of sced 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



(d") thereafter the mixture may be maintained at a temperature of about 0-5C for e.g. about 45 minutes
or more before isolating the formed solid according to step (e). 5 The solid formed in step (e) may be

isolated. The solid can be isolated at a temperature within the range of about 0-20C and more
preferably in"f’ﬁ’eZPé?{&fé”@Po- 5C in order to lower the solubility of the prodggfrmm?&rogﬁaethereby

increase the yield. The solid may be isolated by filtration and washed with a suitable solvent.
10Solvents fod Wastithgs dipclindehteniandathaicep ohweed aapbié Sodehis ovpLire organic

solvents. In q&ﬁe%m@éjgpm%/%g&row%%ng&re selected from the group consisting of acetone "

and water. In one embodiment acetone is used. In another embodiment a mixture of acetone and
water. In yet ghothersfpdbrmuriyraey beussatane fitrHemampsuiniamomd witdPis€d is pre-cooled

water. When gaanic $lverts: Laaesurediiorivas iiBJoklas st Ohd SQiventss(is k 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 40C and more preferably at a
20temperaturehinsiitid rangel 25<85Ce I hisyenvisaged. thad théidbianeddamipound is at least 98%
chemically pure, such as af least 99% chemicall re, or at least 99.5% chemically.pure. 25It is
furher e oA O 14 O Ml G i IS e e BBt nethod (1 has
the following Farticlerdiz eodistrib tittorehiD8 0 efubt ratustiow Ae0eudiizmeb D 50 rearsahto or below 200

um, and Dlog?&&?’kﬁ% L 1RElow ?&&J&éc%"ﬁ‘ﬁﬁ?a{(é 10,RPQIORA GaAl 10iAbREIONCA,>, Wherein D*XX"

(OC is given as 10, 50 or 90) is define he value for which an "..XX percentage” (given in volumes)
of the 3t0parfielestaia ¥ uizinsteliddsratReapbiiataacy alUEATH S DRdvents peftEatage of the

particle size (iRyRINRE)NAS @ HiRBSIREALAIINRMREIGW 304N Reseve miNalmatspe

hydrochloride from mother liquors (Method Il1): . .
consisting of acetone and water. In one embodiment acetone is used. In another

embodiment a mixture of acetone and water. In yet another embodiment water is used.
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 pm and D30 equal to or below 200 um, and D10 equal to or below 50 um, and
with ratio D90/D50 equal to or below 2.5, wherein D”XX” (X0 1s 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 liguors (Method TI1):

14



Nalmefene hydrochloride is highly soluble in aqueous solutions such as water, such as pure water,
and therefore a part of this material is lost in the mother liquors. To recover any unused Nalmefene
hydrochloride from the methods | or Il, outlined above, a method for the recovery has been developed
that compris‘é@&ﬁ%‘ﬁﬁ?ﬁ% distillation of mother liquors obtained from metﬁ&ﬁ”ﬂ [f”?iﬂfﬁﬁ‘j basification
of the mother liquors obtained in step (i), or from the methods (1) or (I1), (iii) extracting the mixture with
a suitable orhutieeSoly bndrenhiemidting Higldrogdrbbhin AdescarndolBifolis skating Wesfoimmdasolid The

basitication iR} ISAHAURELG ARG AR e JaN0e, 0t &l BEias 80 using an organic

or inorganic base. In an embodiment of method (lI1), the basification in step (i&ji;éﬁ)erformed with

ammonium Hyapssidey 18useddabnelises brdsashlomy eHeostdimmpedde herthyppéiagected from the group

comprising halggenairehby drpaarboRs LR Hea'@rs:Ikplanes: @ndhrteferably dichloromethane,
2-methyl-tetrahydrofurane, ethyl acetate, 2-butanone, eyen more preferabglgdichloromethane. In one

embodiment e or@BH?@@bfv@ﬁfl@H%'l’o‘gféﬂ%% HERraRERSEH T EHBME D E diment the organic
solvent is ethérs. Inbanataaseothpdimein:the.orgabigisalverids $elecieanfthemitiagikolp of esters. In
another embodiment organic solvent is selected from the group of ketones. In another embodiment
the organic solvent & Gihloromethane. In another embodiment the organic solvent is
2-methyl-tetrahydrofsiracigndittenotheremthodmmeni¢egengasméveiisolvent is ethyl acetate. In another

embodiment the orgamic Sﬁi»{ Is A1buiangNe- The solution of nalmefene base in an organic solvent
obtained in s eg (in ?s treated %%Ecﬁy(#oden chloride to precipitate nalmefene hydrochloride. 30 The

amountl8f hydiogerfeliitiobaiasgdnadiép (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.
The basification in step (ii) is performed to bring the pH in the range of 8-10, such as

8-9 using an organic or inorganic base. In an embodiment of method (111), the
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, cthyl acetate, 2-butanone, even more
preferably dichloromethane. In one embodiment the organic solvent is halogenated
20 hydrocarbons. In another embodiment the organic solvent is cthers. 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 (111) 18 treated

with hydrogen chioride to precipitate nalmefenc hydrochloride.

30 The amount of hydrogen chloride added in step (iv) depends on different factors such
as the amount of nalmefene m mother hiquors 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



The precipitated solid may be isolated as described for methods 1 and Il. 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. Examples In the present contest, chemical purity is measured by HPLC using
the below cgﬁ(aif%ﬁ@;ﬁg%hromatographic conditions: Column:YMC Basi}c{)%’gﬂg%?@g/?{%r{r’ﬁz 50 x 4.6 mm
or equivalent Mobile Phase A:Buffer 10 Mobile Phase B:Methanol BufferDissolve 1.1 g of Sodium
Octansulfonaiies (R9¢ipiE28)ird Mz obevatbiteA djudtstib gHao Begodsd dididéd H3PO4. Column

Temperature. 35C 15Detector.UV at 230 rffil Flow.1 5 ml/min Injection volume.20 ul

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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Time of Analysis: 50 minutes Time (min) Mobile Phase A Mobile PhaseS 0 90 10 10 70 30 25 50 50
40 20 80

WO 2016/063292 PCT/DK2009/056320

Examples

In the present contest, chemical purity is measured by HPLC using the below

conditions:
5
Chromatographic conditions:
Colunn: .ovovveeiiiee e, YMC Basic B-03-5, 5 um, 250 x 4.6 mm or
equivalent
Mobile Phase A:.ooovinininnn, Buffer
10 Mobile Phase Bt oo, Methanol
Bufferi.ooieccieccieeee e, Dissolve 1.1 g of Sodium Octansullonate (FW
216.28) in 1 L of water. Adjust the pH to 3.8 with
diluted H;PQ..
Column Temperature:............... 35°C
15 Detector: .o UV at 230 nm
FIOW: oo, 1.5 ml/min
Injection volume:.......oceeveeeenenns 20 ul
Time of Analysis: ......ccccoivvvnnins 50 minutes
Time Mobile Phase A Mobile PhaseB
{min)
] 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 6.5 — 900 pm), 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

i7



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
urn), an optical system éSOO F lens, range 0.5 - 900 pm), a 25 measurement cell for suspension (beam
length 2.4 mWﬁ %51&’%?3& btodiode detector. The sample is analysed usind‘) ﬁﬁﬂ%‘%‘f%ﬁ@g@s 8042-47) as
dispergent. Example 1 1.1a Preparation of the dihydrate 30Dihydrate was prepared as follows: 20 g of
crude Nahnefemgliyirachierid€ .(Chesolcdiopurity 180069, lasKR( 92dovs)nizascdasplestded in 24 ml of

water. The ”li—?%ﬂé@?a‘%?éfﬁeP&%ﬂiﬁ&e@?‘?ﬂ@&ﬁﬂ%%&%@d FOMPIRIRlY,@bEQ:5%6e fng solution was

heated up to 70C and maintained at that temperature for 15 minutes. The solution was cooled down
from 70 C to!Z06 #iB&olifsaisHePa linear ramp. 5 At 50C, Nalmefene Hydrochloride was added as
_seeding. The seed did not dissolve and Nalmefene started to crystallize. When the cooling ramp was
terminated the suspension was maintained under stirring at 20C for 2.5 daa/s. The solid was filtered
and washed Nith 2cetbHBvsBR et Brodidedasariitovaright dder ¢58im at 40C yielding
13.2 g of Nalmefenenbydeochiedde dihydrate {ehantealobOpurity D8 48aimatar wentent 8.54 % w/w as
measured b%lt.(sggnslzilosrp %%g'%%ﬂﬁ%)ded under stirring at 20°C for 2.5 days. The solid was filtered
and washed with acetone {50 ml). The wet product was dried overnight under
vacuum at 40°C yielding 13.2 g of Nalmefene hydrochloride dihydrate (chemical

10 purity 99.74%, water content 8.54 % w/w as measured by Karl 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, Naimefene 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°/mm 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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1.1h 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
15completely at 80C. Organic volatiles were removed by vacuum distillation. The solution was cooled
down to 50&V ﬁﬁ%’@@,ﬁﬁgmefene Hydrochloride dihydrate was added as 86E8KE e’ fafkture was
“maintained at 50C for 3 hours and then allowed to cool down to 20C. The 20suspension was
maintained umndier $f¥6RY . diHRITVdrcareng 28 ddysysTieopbiid welasifitereafsndrwaghed with acetone

(20 ml). Theo“}‘%ﬁ’,r%%"Eﬁé"@ﬁ?&ﬁi%ﬁﬁmgﬁhéﬁ‘gﬁEhY?ﬁHHL%&tL?’OC yielding 11.5 g of Nalmefene
hydrochloride (fihydrate (chemical purity 99.78%, Wwater content 8.78 % w/w as measured by Karl

Fisher titration). 251.2 Properties of the dihydrate In the TGA (figure 1) about 10 mg of sample was

heated 10/mm.jpa0,QRENIBRAMGSH TEFogam dexs fhas thesmearagushowsayeiahdess of about 8.5%
starting at 0,room temperature and ending at 125-150C. 30 DVS experiments were performed at 25C

and at 40C. Thd<shapbagpire timadfige the Bilnaeambitdnspersd re&drettrve at 40C is
shown in figuie & ibhe.dibydrateis getpineshalrelaty e humidity.ab Q9008 Adsarltion to the surface at

high relative humidity is less than 0.2%. Desorption of the crystal water occurs slowly under 10%RH.
The DVS-curHohederahbwdcehgrie #8hydration after drying at 0%RH, thus the crystal lattice is
retained by this treatment. X-ray powder diffractogram for Nalmefene hydrochloride.dihydrate as
obtained using 5 Cu K, il radiation is shown in figure 3. The diffractogram is measured in reflection
mode in the BRE£020. It is characterised by XRPD reflections at 8.99, 10.63, 15.24, 16.55 and

17.202Q(0.192Q) rEogamipiencof the monohydrate

25 g of Nalmefene hydrochloride (chemical purity 99.24, assay 84.1 ) was suspended
in 32 ml of water. The mixture was heated up to 80°C. Vacuum was applied to distil
low boiling organic solvents. The sotution 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
2.1h 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 monchydrate
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102.1a Preparation of the monohydrate 25 g of Nalmefene hydrochloride (chemical purity 99.24, assay
84.1) was suspended in 32 ml of water. The mixture was heated up to 80C. Vacuum was applied to
distill low boiling organic solvents. The solution was cooled down to 20C in_one hour using a linear
ramp. The st&pE#HYYH s maintained under stirring for two hours and 15HENRIAE ¢80led to 4C in
one hour and maintained under stirring at this temperature for one additional. The solid was filtered
and washed bithe 250 (bfeace to nbodHenmgat(setieplassl hedadvil Hight inrdaPeadaumnaes30C yielding
135 g of NaimefenerdyrerLlarids manddiats (AIRTEANeMGh AYMAN a3measured by Kar
Fisher titration, yfeld 61%). 20 2.1b Preparation of the monohydrate In a jacketed reactor nalmefene
hydrochlorid&rEr3tgieand owsdiae g1 d8%iqVere charged. The suspension was heated up to 85C
obtaining a solution. Nitrogen flow was applied. The solution was cooled down to 60C in around 50
minutes and then 25kept at this temperature for 10 minutes. The product started to precipitate at 60C.
The suspendibYPVFARSKLS BGHEGHEE8E Urid it Gt E&f’%‘?eﬁ% mittes® & suspension was
cooled to 8Ciifz asernchonghauamndimainainschdrthat t&mperature 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 In the TGA (Figure 4)
about 5 mg dfissimpleewaschebbedrd@min%i ansopenrpahauhdREtroyentiowsEhe thennogram
showed a weidlilpss, ol aon A0 slaTlinG B 1o ISmRRTAuR A ERUPAII00-LLOC. 5 DS

experiments were performed at 25C and at 40C. The shape of the curves was the same, only the

curve at%oCsisidpBwim¢rrsafd &f Wosbhgieaater ORI FAtTSAS t498) Wis Isk0rRed at 10%Rfi. Then
the weight stepwise,ineiearedviththe bumisityuariasd 3% et 3OLR thhukateaR kit

corresponding to monohydrate was 4.8% and a 1.5 hydrate corresponds to 2 gain of
7.2%. The curve therelore showed that the water content of the monohydrate was not

constant but changes with the relative humidity.

5
X-ray powder diffractogram (Figure 6) for Nalmefene hydrochloride monohydrate as
obtained using Cu Kol radiation is shown i 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°20).

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 pm 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 dihiydrate seeding material was
added. The mixture was cooted down to 0-5°C in one hour under efficient stiring and
30 then maintained under stirring for one additional hour. The solid was {iltered and
washed with acetone. The wet product was dried at 25°C under vacuum to provide
Nalmefene hydrochloride dihydrate (5.4 Kg; vield 73%) with a chemical purity of
99.89% (HPLC).

20



10suddenly increased to 6.9% and then again stepwise increased to 7.3% at 95%RH. The amounts
here are given as % weigh increase relative to dry, thus the weight gain corresponding to monohydrate
was 4.8% and a 1.5 hydrate corresponds to a gain of 7.2%. The curve the&eﬁog& @%N 0that the water
content of tHEHIBH: te was not constant but changes with the relative um|§|ty. ?L(% -ray powder
diffractogram (Figure 6) for Nalmefene hydrochloride monohydrate as obtained using Cu Kai radiation
is shown in figure 6. The diffractogram is measured in reflection mode in the range 5-4020. It is

characterised XAD(EIGEIRNG Bhifeh Wi Rarbii Q@B RARI2040.120). 20 Example 3

Preparation of Namlefene hydrochloride dihydrate Crude Nalmefene hydrochloride (7.67 Kg, assay
93.9%) and WtEn{Ece Mekrive R Gsiga T A ahEBIdMELRSre TR S TLBERSiSATEE heated up to
80C until the;25subsiate campsielyidigralvgd bMaguum 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 50C and 7 g of
Nalmefene hydrochloride dihydratc seeding material was added. The mixture was cooled down to
0-5C in one hour under efficient "*iﬂ")ing are30-ther-maiptagped-tunder stirring for one additional hour.
The solid was filtered and wash'gg with acetpné. The wef product wap dried at 25C under vacuum to
provide Nalmefene hydrochloridel diimpdrate (322K, yield Z8%sprwith a chemical purity of 99.89%
(HPLC). The particle size of the-so-obtained-Natmefenehydrochtoride dihydrate was deteimined by
Laser Diffraction using a Malvern Mastersizer S instrument. Particle size distribution is reported in the
table below: B:@itple 4

Recovery of Nalmefene hydrochloride

10 The mother liquors obtained in Example 3 were concentrated under vacuum,
Ammonium hydroxide was added till pH 8-9. The mixture was extracted with
dichloromethanc at a temperature of 30-35°C. The organic phasc 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.

Exampie 5
Transformation of Nalmefene HCI into Nalmefene HCl 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 filiered 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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D50 090 14 um 122 um 287 um Example 4 Recovery of Nalmetene hydrochloride 10 The mother
liquors obtained in Example 3 were concentrated under vacuum. Ammonium hydroxide was added till
pH 8-9. The mixture was extracted with dichloromethane at a temperature of 30-35C. The organic
phase was S¥BaPAR4E33¥d cooled down to 25C. Concentrated hydrochloric Al Was added and the
product was allowed to precipitate. The solid was filtered and washed with dichloromethane thus 15
giving 1.35 Kigpaf NafmlefdihecHiCl mitrohydraseniceslspopiydef 981906 whietiasais BeXtfaheformed into the
dihydrate applying #e graraduie deserhedindAmRR Ak amplen ransiermalipneof Nahnefene
HO into Nalmefene HC1 dihydrate by re-slurry 20 50 g Nalmefene HC1 (mixture of monohydrate,
acetone solvéé %Péf‘rﬁ‘y’cﬁgﬁé)lﬁé@%ﬁﬁspended 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 30C 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 Nalmefenc HC1 into Nalmefene HCId hydrate by re-slurry
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30 3.6 g of Nalmefene HCImonohydrate was suspended at room temperature in 5 ml of water. The
suspension was stirred at room temperature. The conversion to dihydrate was completed after 1.5
hours. Claims 1. A compound represented by the formula5 2. A compound according to claim 1,
wherein the compound is in a crystalline form. 3. A compound according to claim 2, wherein the
compound in a crystalline form is 10 characterized by an X-ray powder diffraction spectrum in 28
values using Cu Ka',1 radiation having a peak at 8.99. 4. A compound according to claim 3, wherein
the compounq:jgirgscrystalline form is further characterized by an X-ray powder diffraction spectrum in
28 values using Cu Kal radiation 15 having a peak at one or more of 10.63, 15.24, 16.55, and/or
17.20. 5. A compound according to any one of the preceding claims being non-hygroscopic and thus
less than 1%, suckoastessi thpneedied Syeheaasgthan 0.3% w/w of moisture is absorbed when
exposed to 95% RH at 25C. 20 6. A compound according to any one of the preceding claims, wherein
the water content is from about 8% to about 9% in a relative humidity of about 10% to about 95%.

7. A method for obtaining a compoufd according to any one of claims 1 -6, 25 comprising the steps of:

H
]

HCL2H,0

2. A compound according to claim 1, wherein the compound is in a crystalline form.

3. A compound according to claim 2, wherein the compound in a crystalline form is
10 characterized by an X-ray powder diffraction spectrum in 28 values using Cu K radiation
having a peak at 8.99.

4. A compound according to claim 3, wherein the compound in a crystalline form is further
characterized by an X-ray powder diffraction spectrum in 28 values using Cu K, radiation
15 having a peak at one or more of 10.63, 15.24, 16.55, and/or 17.20.

5. 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 85% RH at 25°C.

20
6. A compound according to any one of the preceding claims, wherein the water content is

from about 8% to about 8% in a relative humidity of about 10% to about 95%.

7. A method for obtaining a compound according to any one of claims 1 -6,
25 comprising the steps of;

23



(1) mixing Nalmefene Hydrochloride (17-(cyclopropylmethyl)-4,5-a-epoxy-6-
methylenemorphinan-3,14-diol hydrochloride) and aqueous solution such as water, (2) optionally,
heating the mixture, (3) optionally, distilling the mixture, 5(4) stirring the mixture until transformation is
complete, and (5) isolating the formed solid. 8. A method according to claim 7 wherein the mixture in
(4) is stirred for at least 1 hour. 10 9. A method according to any one of claims 7 and 8, wherein the
ratio of aqueous solution such as water used in step (1) ranges from about 0.9 ml to about 4 ml
aqueous solution /N I [] S tg about 2m1 aqueous
solution/Nalmefene ﬁ%ﬁzﬁﬁﬂ%@%%E%%ﬁ?gga%ﬁ‘%@%@‘é&%ﬁ&% ?Wé?/m%efene
Hydrochloride (g). 15 a0/ 2NATReRRIANEEcH TPt YaiRgctitE st @arhasireousarivEnn Righaserater,
Hydrochloride used i2)stetioil)lis heatiny thatackiesn such as monohydrate form. 11. A method

according to any one-0f claims 7-9 m{(g]. rein Nalmefene Hydrochloride used 20 in step (1) is in a
solvated form or a n?i@u?rge o%%réste gnd solvated forms. 12. A method according to any one of

claims 7-1%, whereil BtifiRgas sentiiBamt SRpsiematianie @meses apdmethod according to any one
of claims 7-12, wherginitbe sty ring forrstesid.is performed at a temperature of about OC to about 45C,
such as from 20C to about 40C.  14. A method according to any one of claims 7-13, wherein the
formed solid in stepegS) is isolated at a temperature from about O C to about 20C, such as from about
0C to about 38 BCTeIRIRRTETABY I8 rcitainiie R icheysifidattcidmefiteed iy ghleat didipns 1-6,
comprising the steps of: (a) mixing Nalmefene hydrochloride (17-(cyclopropylmethyl)-4,5-a-epoxy-6-
methylengmogiiatndd dslidioshl ode) A ARy PRATGR FCASEEER) B5atine of the
mixture to obtain a su stantlalc}/_ omogenous 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 2ml aqueous
solution/Nalmefene Hydrochloride (g), more preferably 1.5 ml aqueous solution / Naimefene
Hydrochioride (g).

15
10. A method according to any one of claims 7-8, wherein Nalmefene Hydrochloride used

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

11. A method according to any one of claims 7-9, wherein Nalmefene Hydrochloride used

20 instep (1) is in a solvated form or a mixture of hydrated and solvated forms.

12. A method according to any one of claims 7-11, wherein stirring is performed in step (2)
and/or (3).

25 13. A method according to any one of claims 7-12, wherein the stirring in step (4) is
performed at a temperature of about 0°C to about 45°C, such as from 20°C to about 40°C.

14. A method according to any one of claims 7-13, wherein the formed solid in step (5) is
isolated at a temperature from about 0 °C to about 20°C, such as from about 0°C to about

30 5°C.

15. A method for obtaining a compound according to any one of claims 1-8, comprising the

steps of:
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(c) optionally, distillation of the mixture obtained in (b), 5 (d)cooling of the solution obtained in step (b)
or (c), subsequently seeding with Nalmefene hydrochloride, and (e)isolation of the formed solid. 16. A
method according to claim 15, wherein the amount of aqueous solution such as 10 water used in step
(a) ranges from about 0.9 ml to about 4 ml agueous 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 (9). 15 17. A method according to anyone of claims 15-16, wherein

heating in stepa%b) isrﬁgiqgrm]gget%ﬁ'g%%r&ﬁmﬂgéq%(gx%foﬁpo%gﬁ&%m zf’,‘?-gx“t 100_g:, such as at about

50 C to about 90 C, or at'about 70 C to about 85 ] thod accor fr?g_ot)c()yaﬁy one of claims
15-17, wherein the SORRSRTRENRANSHG-aiRdiRdiechiesip arnd e serrseivinn @/doas arieseeding is
performed at that termgeeduiehel SidursethadaAceandinitdanyh one@hokainsidfd,8, wherein the

amount of squ crysgﬁl&ggg@c’i &@tﬁ}%@(}gﬁ]g%&@p@%t&ﬁg@% \Q/{yv) of seed crystal of Nalmefene

hydrochloride / Nalmefene @/drochlo_ride added In step (a), such’as from about 1/1000 (w/w) of seed
25 crystal dr 1800 ofieg g sobiiarhiege RydradhichdernsahreisnrtvyarséMaritle added in step
(a). 20. A method ateordifepdthpdrpomeios,ciaims 15-19, wherein the Nalmefene hydrochloride used

for seeding is Nalm : ' ihydrate. 30 21. A method according to any one of claims
@pimalensdvaraahiotiedb]

15-20, wherein the seed crystal ad In step (d) is obtained by a method according to claims 7-14.
22. A method according any one of claims 15-21, wherein the mixture obtained in step (d) comprising
the seed crystdi($) methwithecstdeckedison 15, wherein the amount of aguecus solution such as

10 water used in step (a) ranges from about 0.9 mi to about 4 mi aqueous solution
/Nalmefene hydrochloride (g), such as from about 1 ml to about 2 ml aqueous solution
/Nalmefene hydrochloride (g}, or about 1.5 mi aqueous solution / Nalmefene hydrochloride

().

15 17. A method according to anyone of claims 15-16, wherein heating in step (b) is
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.

18. A method according to any one of claims 15-17, wherein the solution in step (d) is
20 cooled to a temperature between 40 to 50°C and seeding is performed at that temperature.

19. A method according to any one of claims 15-18, wherein the amount of seed crystal
added in step (d) is from about 1/2000 (w/w} of seed crystal of Nalmefene hydrochloride /
Nalmefene hydrochloride added in step (a), such as from about 1/1000 (w/w) of seed

25  crystal or 1/200 of seed crystal of Nalmefene hydrochloride/Nalmefene hydrochioride
added in step (a).

20. A method according to any one of claims 15-19, wherein the Nalmefene hydrochioride
used for seeding is Nalmefene hydrochioride dihydrate.

30
21. A method according to any one of claims 15-20, wherein the seed crystal added in
step (d} is obtained by a method éccorc{ing to claims 7-14.

25



(d") further cooling the mixture to temperature of about 0-5C over a time period of about 45 minutes or
more, and 5(d") thereafter maintaining the mixture at a temperature of about 0-5C for about 45 minutes
or more, before isolating the formed solid according to step (e) of claim 18. 23. A method
according to any one of claims 15-22, wherein the solid formed is isolated at 10 temperature of about
0-5C in step (e) of claim 16. 24. A method according to any of claims 15-23, wherein the obtained
compound has the following particle size distribution: D90 equal to or below 400 pm, D50 equal to or

pelow 200 P DAR 8| de-OfREIaATheEs MIRCASLPINI AR Dasedinile) |

measured under the conditions given herein. 25. A method according to any one of claim

15-24, to obtdiRPESRHEGRE S, GEHREY ifF SHY 6hRUBISSRTE 1-6 for use in a pharmaceutical
composition. 20 26. @ negthedbadtar thagnatyrefclenmsraidh dftatbet ©6Mdpoising ihe stejosd of. optionally
distillation of mother Jigyiors abiained, fros.themethod defined in claim 7 or 15, (H)basification of the
mother liquors obtained in steg (1), or from the method defined in claim 7 or 15, Z%S(i.i}ﬁ)chtracting the

[

mixture with a suitabf&'JRgEAEL JRARBINPE JBRIMG 1RIFb GRERRERIYES SRRy (55i #he4brmed
solid. 27. A methddr@cotdomgrimeslaim 26 wherein the basification in step (ii) is performed until 30

pH is in the r%@i&&atigéﬂﬁé @Bﬁﬂé%ds@ﬁ&‘é&miﬁ% ﬁgaé'{gpz(g’ wherein the basification in step (ii) is

performed until pH is in the range 8-9.

23. A method according to any one of claims 15-22, wherein the solid formed is isolated at
10 temperature of about 0-5°C in step (e) of claim 16.

24. A method according to any of claims 15-23, wherein the obtained compound has the
following particle size distribution: D90 equal to or below 400 pm, D50 equal to or below
200 ym, D10 equal to or below 50 pm, with ratio D90/D50 equal to or below 2.5, as

15  measured under the conditions given herein.

25. A method according to any one of claims 7-14 and 15-24, to obtain a compound as

defined in any one of claims 1-6 for use in a pharmacseutical composition.

20  26. A method according any of claims 7-25, further comprising the steps of:
(i) optionally distillation of mother liquors obtained from the method defined in
claim7 or 15,
(i} basification of the mother liquors obtained in step (i), or from the method
defined in claim 7 or 15,
25 (ifi) extracting the mixture with a suitabie organic solvent,
(iv)  adding hydrogen chioride, and
{v) isolating the formed solid.

27. A method according 1o claim 26 wherein the basification in step (i) is performed until
30 pH isinthe range 8-10.

28. A method according to claim 27, wherein the basification in step (ii) is performed until

pH is in the range 8-9.

26



29. A method according to any one of claims 27-28, wherein the basification in step (11) is performed
with ammonium hydroxide. 30. A method according to any one of claims 27-29, wherein the solvents
used in the 5 extraction step (Hi) 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. 31. A method according to any one of claims
7-14, 15-25 and 26-30, wherein the obtained 10 compound is at least 98% chemically pure, such as at
least 9% chesgigalhuMireRE AR I9yR K heminalyREECRZe i RRBIALEHEFH SRPRRSition
comprising a compound as defined in any of claims 1 - 6. 15 33. A pharmaceutical composition
according to A& BSAE R MeQIHTIME [ ochloride dihydrate comprises at least 5% (wiw), such
as at least 10% (w/w), at least 30%, at least 50% (w/w), at least 70% (w/w), at least 90% (w/w), at

least 95% (w/yy, @%%ﬁ%qgé’é’éb(%‘%)@ooén}%%’d?f&@ﬁ%@?@fﬁ%ﬁ,‘%ﬁ"@&ﬁ' 2SRRI M 20n ¥ A

pharmaceutical composition according to any one of claims 32 or 33, further comprising one or more

pharmacetiticEi{a%Ee8 SEBILIL ArfisRieCed FBMANSARHR CRMAES S RRIRSS IR LRI RERGI8%any one of
claims 32-34,ethersarlaigdatmnas foom, seihahty dithileirfohonal 2cmihigttettian.d36urdnphatiaceutical
composition a%%pg_%@ggr@grq &@gﬁ‘g@f CRMBHSINGIRf9Mpound according to any one of
claims 1 -6 in a therapeutically effective amount. 3)’0 37. A pharmaceutical composition according to
any one of claims 32-36 comprising a compound according to any one of claims 1 -6 in an amount of
about 10 mg t®1ahougth60 mgysirght@agboe dlchmigrso? absh UEEEs gy ab&t MBarwgrtthalbodtdidkd mg, or
about 20.m9. 384 msthadsis BEeducing & RhaRRassUisalepmpeston-aeaarging,fo any one of
claims 32-37, comprising a method accordingto any one of claims 8-14 or 15-31. 39. A compound
according to éﬂ?&g%ig?m@im&afwr%%'in medicine. 40. Use of a compound according to any one of
claims 1 -6, or a pharmaceutical composition according to any one of claims 32-37, in the manufacture

of a mediC&m@Q.tA%Hé?%é%éﬁ%é‘é%%ﬂ%ﬁsﬂi&ﬁGBH%%E%B%EE@Mpound as defined in any of claims 1 -

6.

15
33. A pharmaceutical composition according to claim 32, wherein Nalmefene
hydrochloride dihydrate comprises at least 5% (w/w), such as at least 10% (w/w), at ieast
30%, at least 50% {wiw), at least 70% (w/iw}, at least 90% {(w/w), at least 95% (w/w), at
least 99% (w/w), or 100% of the pharmaceutical dosage form.

20

34. A pharmaceutical composition according to any one of claims 32 or 33, further

comprising one or more pharmaceutically acceptable carriers.

35. A pharmaceutical composition according to any one of claims 32-34, in a solid dosage

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

36. A pharmaceutical composition according to any one of claims 32-35, comprising a

compound according to any one of claims 1 -6 in a therapeutically effective amount,
30 37. A pharmaceudtical composition according to any one of claims 32-36 comprising a

compound according to any one of claims 1 -6 in an amount of 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.
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38. A method for producing a pharmaceutical composition according to any one of claims

32-37, comprising a method according to any one of claims 8-14 or 15-31,
39. A compound according to any of claims 1 -8, for use in medicine.
40. Use of a compound according to any one of claims 1 -6, or a pharmaceutical

composition according fo any one of claims 32-37, in.the manufacture of a medicament for

use in treatment of alcoho! dependency.
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