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WD 20081034973 1 PCT/ FR2007/001516 PROCESS FOR
PREPARI NG N- ALKYLNALTREXONE HALI DES The present

| nvent | lates to a procegs for prepari jET/FR2007/001516
%aﬁ@wq?fgpffexone hal i des. N- Al kyl quat %ary
derivatives of naltrexone (a nonencl ature of

nal trexone being

5
o nanRé%%g"f%ﬂ%%%s% SRR besy T
are known for their therapeutic applications,
1y N- rethyl nalt '
ePe kR bka TR TS pri ks YoCaRhatly Haphaerone
Hapliéent, significantly reducing the adverse side

:;L:jﬁﬁ gmygqgg}e{rﬁ@r 53@{ %hng eg% r%%cf” | ¢’ aon ?r%gr%ﬁme of naltrexone
bel¥ t(sty)LWa dyElepepimetiyet, Bapbie B arditydreanorphinan- 6 -one or

h
s?ﬁq'?raepﬂwﬁﬁw'@é?xam%ﬂ“% el (5 E ARk pptications
é@gbblamﬂl\hﬂeﬂwglnbhr@ieneﬁlﬁhélm ofrwhible reakestihagpssible to comblne a

N- et h d .has_..acti vi
ebrinedraaont Gonpag T goa R yieRe BERE bR a8 Hffects of
rﬂ@@h{?ﬁrﬁcﬂd@ie{n&éﬁv@@ mérebfh eSmanﬁ]lye mf‘\ amQ/gaahrmnTsjwabﬁaqt he
me nal t r exon vin e for
det orTHendarhy N etReoxPHE (FSaPaPa caRy ofifaHE) R)-N-methyt-
rHIASIRE E0d SR8 RIFpoldd Idf (R Ebnfigufatiofirelathie to (hS)mtrogen atom, it

S wilpewa et Sufa B b SHIRC (6B AEEIY bdmpdling has

ARy ﬁﬁb%lt@ B PRY Heged Uey, acebehpanyif) acunmphigesbasédineated.

or oup RemaoTE-1alpr e r st ER BT Ehbe ﬁm&ﬁ?‘“fflheme

gl fofrRiilh tseldwn whil dshdrmided bye 'HENMR| of ghe igplated (R) and (S)

reference TM5 or 25 tetranethylsilane) are at 3.62
%WWFON%S(R) configuration and at 3.13 ppmfor the

(S) configuration. Patent US 4 176 186 (Boehringer

I ngel hei m GrbH) descri bes quaternary noroxynorphone
derivatives and al so processes for preparing them
However, ther, desapibed processes conprise conditions,
especially of pre sure, f necessary WO 20081034973 2
PCT/ FR20071 15 of reagent, and of

converswn’b gxchange, which are

- (S) configuration of the ammonium (equatorial methyl): Ry represents a
methyl group and R; represents a methylcyclopropyl group, and

- (R) configuration of the ammonium (axial methyl) : R; represents a
methyl group and R; represents a methylcyclopropyl group.

The chemical shifts in 'H NMR of the methyl group (reference TMS or
tetramethylsilane) are at 3.62 ppm for the (R) configuration and at 3.13 ppm for the
(S) configuration.

Patent US 4 176 186 (Boehringer Ingelheim GmbH) describes quaternary
noroxymorphone derivatives and also processes for preparing them. However, the

described processes comprise conditions, especially of pressure, of necessary
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i nconpatible with the desired industrial application.
Pat ent application WO 2004/ 043 964 A2 describes a

@ﬁ%&ﬁﬁ@&@&ﬂ ower  pressures, , conprising t NbayiProtorso151e

ol vent system espeC|aIIy 1- met hy
2-pyrrolidone, but which nevertheless still has
drawbacks in terns of inpurities, the inperative

AT Sy 0 P o

was t
|Mpatlhlen@ﬂsthegie5|mcb|némtnalmphmxatlng avai | abl e a process

for t i ndustria 50 t C

deri \fhg??r{;e%pp 'ﬁ%tk%'r W(ﬁ ?(L cgﬁﬁlé?@ﬁgéﬁlb}gtg procesfs atl(!)ower

pmessdntast bomp(zsiag G‘teyuamzf aﬂamnhwdrrmnre solvertraysigimelegpeqially 1-methyl-
C w, heen d I I
2SR R SR SR T Bl B g dite e

mberamwlsefﬂemhay ilow cooteet tof ovisch ievibabiy legds @aﬁr@tl.y\satrﬁi@ctory

onIy for the personnel but also for the environnent,

YR t he yield for the desired final product, i.e. an

N- al Kipersawhs ﬁ)usra/ehtrlcrm;ngl intepast i lcaviray awdilatils a process for the

nal trex c e
|r@§%—sgﬂe péoc@rcﬁ% o SLL;% &@epb&w%g 1§)|'L eb%!t tggr&% h‘§1s in terms of
;ir@dt.@ubﬁ(‘eafétylaatl@vwwmynm e fiednmed. V\D 2008/ 034973 3
PCT/ FR2007/ 001516 Sche
Br omi*H8TOCEPS PEF NGV PS5 @P%ﬁﬁ;yﬁ Iﬂ?’#r@ﬁi%f sﬁ?ﬁpﬁexpgctedly for
vigey a@rlantb@éws;ynmmbmn@ tdtid rtbe himpienoantation/ ceiditions in ®rms of
cewnl de ALKYL,

Sy SR na s B P aehp il 48 e RhTe AR wet ey e
dasiréd Banaly | pratilexone \an  N-alkylnaltrexone halide, in particular N-
methylnaltrexone bromide.

In accordance with the invention, a process comprising the steps according

to Scheme 1 helow may be performed.



BnO 0" 0O (OHS)7SO | NaNCO, Acal one QUATERNI ZATI ON
H, SO4 0-Benzyl *net hyl nal trexone Methyl Sulfate OH BnO

wat er DEBENZYLATL,ON NJ OH CH,
\ﬁﬁ\ﬁoﬁiﬂlﬁg xone Methyl Sulfate HOO O %@2%71001513

N OM EXCHANGE N Me"nakrexone' double ion" 0 Oa 0 H&
48% Met hanot NJater Il r\ B,. PURIFICATION r~I-.1
EE oH Er ) Mot hanowater ' Crude N-Met hyl nal bexone

I~\ / i ~ Acetone/\Water '-"r Pure'
N- Met hyl nal trexone Brom de I n the text hereinbel ow,
the starti nguddgFResomkserands, sttngd FRAGRRkFMoIMBAd HYBREhlorti©r
the process according to the invention, when their
node of preparation is not w2008/ 034973 4
PCT/ FR2007/ 001516 describeld, are commercially
avai | abl e or described i i terat ure, or may be
pr e payetkregeeordi ng to hat are descri bed
therein or that are knen €0 Whose skilled in the

art. \/& Dimethylacatamica

NeHCO, _/5 H-ALKYLATION
Nalirexone
HO OII“ Fe)
Benzyl bromide -
2 prom imjjb O-BENZYLATION
O-Benzyinatrexvne
BnQ G o
{CH,),50,
NaHGQ, | Acelone QUATERNIZATION
‘/DCH,SD.
O-BenzyHh-methyinaltrexcne Methyl Sullate —
N7
BnO © o
”’,’P:jf’l Water DEBENZYLATION
on CHHSOL
N-Methyinaltrexone Methyl Sulfate C@
Nu co, Water
b
o EXCHANGE
N-Methyinaltrexone 'double jon'
o O‘“ D
HBr 48% lMeﬂ\anoVWater
\;. [:\‘
,'E-‘")m' PURIFICATION z_r‘!:lh/' B
_ /CV_OH 1) MethanoVWater - M-‘f 'E_H
by ‘-\ - \\ -
"Crude’ N-Methylnatrexone Bromid N ) —w &
rude’ hylnatrexorie Bromide pn _{ }\\H_J # Acetone/Waler > _{"{ \__\2

‘Pure’ N-Methyinaitrexone Bromide

In the text hereinbelow, the starting compounds and the reagents mentioned
for the process according to the invention, when their mode of preparation is not
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A subj ect of the present invention is thus, nost
particularly, a novel 5 intermediate conpound which,

wi t hout wishing to be bound py any theory, d,S¢i 1516
Wgr'-’r?loﬁfo 349%Hubl e i on havi ng }fqhe fornul a (|)'5‘g'é1:§3v66‘ﬁ°°
(which may thus be referred to as an
N- et hyl nal t rexone double ion): NJ OH O0- 0 O(l) 10

The respective di aster e r d

desFHieglu ke | ORYNPIEIR Y YRR edSeSﬁ“‘EeFogeﬁ‘%aPt%%‘%F Ohdnay be

d?bﬁ'@é@)ﬂc@é\*dtrfge?boﬁ%tmubthet amme@dmdealtberem gt thatare known to
ereof, including racemc m xtures, formpart of the

fh?ﬁﬁeﬁﬂ leghin thsedf-des its anhydrous form the

]'c\" ”Etﬁh]}’sidﬁféﬁi g&xﬂﬁe pekzeh %Vegnomay tahﬁ,o mosk i rtidularyhea  novel
ormof a hydrate. 15 According to. the in

intermediaterogirounAMiD. wpERSH ﬂ%i% 88."8{1%:@?%5’%‘3”{’ "in the

fERRRE Q%bela & hhliRg eRmeaHE (Dfbefowr (rtich 1hbY thwistte referrest to as

nore nol ecul es of water of crystallization in the

asy Nanethyinalirexene dquble iogl | udi ng the water of insertion
into the mcrochannels of the crystals (or "water of
i mpregnation"), the hidr ate ssi bly being determ ned
firstly by analysis om,a crystal and then
confirmed routinely 20 conparati-ve anal ysis of

di ffractograns (or pondergdi agrans) as is well known
to those skil N art and illustrated in
Exanple 1. S d o formpart of the

' i on. @ T herri hydrate, dihydrate
and trihydrat g+

I nvention. Fo
nmentioned. According to a
particul ar gfodi rre@t of t he

i nvention, the double ion
of 25 fornula (1) has an (R) configuration relativd

to the nitrogen atomand is in dihydrate form This
novel N-methyl nal trexone doubl e ion conpound, of

for mige (ésbectl%Ydiasﬁéi’éaBbmgms(Ry ahe (B) epdigetitionareative to the
process conpr|S|ng t e onsi st

SitsopsTo 3t BT IR IO F0e SEE LA, figo Hhdures thereof,
%M@ﬁwﬁ%&?ﬁu&{nﬂ%‘:@% fﬁ?mfbdrth@‘ulhé mbventiom. aqueous sol ution

wi th an al kal i ne t c 10

const Pesigesy Itﬁw@wpﬁ?nqew b@ﬁz'{‘]@?‘ﬁﬂ]%@%@ atfées jon may also
£A60 IR Brm @b Hydarg ar bonat e, magne3| um car bonat e,

caesi um car bonate stro ate d

t her ebcorgipg tg t%l@pnq%%%@u Y rgP é?% ?%g{ as;'sgﬁsatlon
gr AdHbiA S NGk tﬁé %l‘ﬁ?@@*\d/ omfrﬂ@lﬁ 1) Qith medorgnﬂ'eandleanieaof water

erature of ween 15 ef er ab|
ngrgstalllzanon in the crystal lattice, |e excluging%e watér ot |n§gr%ﬁ into the

microchannels of the crystals (or “water of impregnation”), the hydrate possibly
being determined firstly by analysis on a monocrystal and then confirmed routinely
by comparative analysis of diffractograms (or powder diagrams) as is well known to

those skilled in the art and illustrated in Example 1.
Such hydrates also form part of the invention. For example, the hemihydrate,

dihydrate and trihydrate forms may be mentioned.
According to a particular embodiment of the invention, the double ion of

formula (1) has an (R) configuration relative to the nitrogen atom and is in dihydrate

form.
This novel N-methylnaltrexone double ion compound, of formula (I}, may

advantageously be prepared via a process comprising the step that consists in
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A subj ect of the present invention is also a process
for preparing N- nethyl naltrexone brom de, conprising

Vﬁé’,#g?ﬁ@? gﬁe st eps consi sti in: (i) reaClHgQFR2007/001516
r‘ﬁ rexone nethyl sulfate in aqueous sol ution
with an 10 al kali ne agent chosen fromthe group
constituted by sodi um carbonate, potassium carbonate,

r%%t“lrt'(é'gﬁ‘g}nﬁﬁmﬁﬁéﬁc{qegﬁ%@? IS ifAE R0 fs Soffidh lWlh an alkaline

bonate and m xt ur es t here
doent ehqskh driont the groupecenstitutettby mdlwe@achwa@f N@e@%eﬂot?ss'um

C@aqpagp ata 3?'@9% et %%l%?hgtebe&%ﬁﬁgﬂﬂg5 c%%jor% <=.8 aBdsigi acarbonate,

Weeh re erably about
s«'t’rﬂ@cluranmhrbmhe iamd 1Bixgure} therget ifag at nié ofr thguaqUeoHg solution of

L b
Si6kT7 et ] FEEED S o0 Sy s Wi o
Ue?ﬂ@ébn ﬁlaqmammptlﬁerabmaw@eh%f% and ? and prleferabl y

abpu a r t N
8ont 2 (supject, Edtlh% regg g?\%rﬁ}our{%hgfsg § ;?r*a!:é/ss &r p#eBanng N

or a er one our in order
rhéthginbtrerdteabromides cblmpnatlshyt |ﬁa$ttth%§i§?ﬁ§ cRRESHNGAN: 20

g: gLS(r)S%hgqqgt ﬂtné%hg!ﬁgﬁrgﬁ d’@ II §ulﬁh@§ﬁ%qué6ﬁ§ kbigtion with an

aAr bonat e and pot assi um
AMedlipe yeat claoven front ttheegrouhezoeaﬁtuteAdqyosqu.lqﬁ@ cabopate, potassium

‘%ﬁa%g' ul gaécgunb?:jl (%‘gte "%%%Q%hmﬁaé’arﬁﬁﬁgd%eﬁmi hgarbonate,

ctib ove e reaction medi um
Stl‘bnhfmtcﬁebdrﬂtaiamciempemras thezeaff for ethhekihe 20uapis Baetionpedium

‘%ﬁ{qnﬁe%n 2 \Flyeﬁ% rer?% 5!9 é&']; g %a+?‘|dy 9 ﬁbégx‘ﬁgat@@mp%'?ature of

wmm”ﬂgndﬂ agta, ﬂréf&tﬂbllbbétmutraﬂ‘t@randshqmgn separ at ed
out i on
met haeqbfe? ?%&hef P °idrugtt pr e %’?E@FWB}O‘&%OS% ﬂréférably of

ag°dedontentedtipat whichze added dom amH ké thﬁeswwsmactlon medium of

tgeg\tuggr&ﬁ%l N cﬁ%( ap(gpbr onhgeor%aé‘ﬁﬁto’{ (ythQh%Fea%E%rh% preferglgly left in

nsol
tEHrﬁJé’d#ththﬁJtﬁtﬁnln”gEdoma furthee noheofhosit,efn Erderdiwsr iopoltain the N-

smobateﬂ after filtration by suction, and is

Wﬁ%ﬁ'@h?ﬁ%ﬁ ®WM¥e-2 net hanol /water mixture, preferably
of 4/ fretdrhbly, teeprkalibeitagegt ihehaspre fios tle @rPwh cﬁe%ﬂt'atﬁfi by

for ste ich is 0 tion with
sepinmisamenelc by paB bk A kIR LR | O
whi chaksor@ifigesiond particalapembébditrieet, awgibana meydsy adsied at the end
medi um of be en 0.5, and 5 3Gire of
o Sigb W PeRLPaLhee o SpeeRsah Mo Ehet Bored 5 # Eerdl
B@cweeemo%daa@c?@@ e 26 BatvaERA0EB atd PQTT, Fmgfemahambomao C,
pref erab 60C, unti | th
gl@iﬁ}gp%p@tlo%ﬁdnqt%ély rcgmgrq)‘]e ﬁadqb%ﬁe%ﬂﬁlhg r\ﬁl’\tﬁp?&lmﬂnatter is then
b&1rateaRat By BRrabuA, iRYrddrlsubséduantly tancani ther methanol/water filtrate,
subsequent ly to cool the filtrat y .
atsdRiecClo 1 4paty BRE) 1M e dPer T R, CHEEfEy e desired N
methylnaltrexone bromide.

According to another particularly preferred embodiment, the insoluble
product obtained at the end of step (i) described above is isolated after filtration by
suction, and is then suspended in a methanol/water mixture, preferably of 4/1, thus
constituting the aqueous reaction medium for step (i) in which is performed the
reaction with hydrobromic acid, preferably at 48% concentration, which is added, for
a pH of the agueous reaction medium of between 0.5 and 5 and preferably of about
3, at a temperature of between 20 and 80°C, for example between 50 and 70°C,
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met hyl nal trexone brom de. 5 Recrystallization in a
nmet hanol /water m xture (of N nethyl naltrexone

‘Ph%?@ﬁ% opti onal washi NG of the isol at ¢t HERSGF 001516

trexone double 1ion) with an organic
solvent (for exanple nethanol) makes it possible to
renove the |Ip0phI|IC inpurity

?#égaé) 60 e UBFI %gélht;o%gglgxhp&ﬁ gﬁ%lgf%a;a{/rfgﬁﬁe;tﬁé%!ampﬁ light
.mﬂwm ﬁ@ﬂeusltyem sepanated wu*sbgepltratl@w dif opsier sﬂbmpe@t}y léfCOOI the

f@(rég,omjr?{e{)%bllna treoogE eQ*&{f“?a d EQHﬁeome%ﬁ]&H ?s);red N-

¥ n“a e/ at'@r nixt ure, pre era
raéthPR4Idexorfeembimiug. t o ref | ux, preferabl y for at |east

about_ 15 dth

filt r%ﬁqr@&]nalpz&&g%l matn 3¢ Ngihe 8;&@%%&\@%@% ;Fﬁ;N tnpeetgm(gg?]aeltrexone

memegie;rtbzpnpmaum:rtgmefbhm isblatetdr podustn(Netethytitaltigixone double

war m acet one

iomVIthaar. Prg@ﬁlcrﬁé)gleﬂ{.ﬁ?r gﬁpiw%&%ﬁgp ﬁpa%gs "ﬂgﬁas&B% éb RSmBe the

iprgfglﬁd m’?iu{ltya @gaentgth -Metratriajttaxahe beoide that oraydill bR pEesent.

8 (i eij o ge§t %‘I‘fy‘%g*“%gfﬁﬁq@g%t@ O%J %%\%Ha%%oué\p‘f’nclude a step

d&ﬂ-pf’fﬂfufatlbﬁaiftﬁsENOﬁlﬁhidnail‘rBMeriHymwestbubebtap‘edf by diggiolytiap in an

a(ﬁefﬁq%’#%%aﬁ?npgqre grngqt g?gkg%afm?%ﬂnéttw ?fl% g\'éfe%fy%r at least

%H&@mﬂégllnérﬁﬂﬁ}laﬁi tHed I;etfnanatwlmt by rretl filteliohn previpitgtiot @f ghe N-
escri be e

mﬁ&b}ylna@eéﬁﬂ\%hgogag% gglp}llg_ {Ergr{%o fi E;ﬂ?éﬂﬂgoﬁ‘ﬂiétnyl h wHinb 3k&tone,
h%m lof {‘d‘bﬁﬁtt Byia)adrid exsling sfethbyreactsun matient ¢o @ temperature
na . .
G geslsenby G20, et oty P EREk AR o Bepipia peis
%_edk))@féd Ejﬂdltrﬁtl@m aﬁﬁﬁmegePeral ly by subjecting
enz t
O PN o AL G RT3 S e Lo ve
ﬁfd"?% W%Qﬂ:s@iﬂmmmla miekteanoaster cumxtumjloum b\atergaione similar
nt ai ne t f
Pt an Bhgitene! Tarselle oA Sarasr™ GROGRBeE par of
?}yg;glgﬁﬁe lpﬁ'cf&esétdebgﬂﬁﬂ l:azlnﬂwtthé Nflmetl”r.ylrfaﬂrexowmeém;é sulfate may
zyl ati on e
RGN RS R e R
qu:aé@@tnaaﬁ@@g%h%@lo,ﬁraﬁé aldvatnt ageouzl y not be isol ated,
| 0
e Nospergloeainy s QPR BRIl b4 Bk
EOJE‘%; ngofleifelé\fﬁoérﬂj lnguetno b Igérﬁrélllyomy subjecting O- benzyl -N-
-N-nmet hyl pal tre t
ReUsels00 | POl SUTEE. 0) MEadoh " oPBeRISHIE! PPEigeto 2
H‘#&r@ger%ﬁoﬁi bW@hblia’ﬁiﬂnﬁ—@h%hawcﬂalaﬂﬁ reaetion medibm tp:mr@maa'éalned

sodi um hydrogen carbonate, t
|tﬁpgg'@w%(pjgagp@fveen 30 and 50°C, Ereefgrgbﬁogdaaoyl grS a pressure of

about 2.5 bar of hydrogen, for at least about 2 hours for complete O-debenzylation.
The reaction medium is then cocled and the catalytic system removed by filtration.

The product obtained may advantageously not be isolated, which makes it
possible to avoid any contact with the residual dimethyl sulfate (highly toxic
product).

In the process according to the invention, O-benzyl-N-methyinaltrexone
methyl sulfate may be advantageously obtained by reacting O-benzylnaltrexone with
dimethyl sulfate, in acetone, in the presence of sodium hydrogen carbonate, the
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reacti on nedi um being refluxed for a sufficient tine,
preferably at |east about 72 hours, for acceptable

di Z@@B&%r gnce of_ t he O- b_enzy+ na! trexone Comﬁﬁzodﬁ@mm

Ohitoring possibly being nonitore
knomn manner, for exanple by HPLC nonitoring. 5 A
subj ect of the present invention is also the novel

i nt er redi.at e, co O
OB CoarPRL R SUAep e, Brbtably 108 abou 7
Hﬂiuf@ﬂ’@? %bé{ﬂﬁﬁlesdleépp(eﬁ)amadof(&)e @etpﬁnzglma@pxm compound, the
r(@?ggqlzrégm%@onﬁgtwplﬁy Wlngge(grhoﬁtg@{:{ﬁbla kn na tmeanner Jora eéac;nple by
HPLZ(E Hfo]?ﬁorlgr@ereof including racemic m xtures, form
e oS IS A VRl e BFmBEB bompounc
Odehi i N-Rethyinaifexand wetioll dultete dhosggained.cl eavage

w t hout i ntroduction d f
produ-'ale regRFSHve AR Eggomgr%[f)gzgsg g) cﬁa’ﬂfl{;lgrgﬂgnnserelatlve to the
rflfgdéés'@ﬁ latoﬁ; roeétﬁhgbﬁzw _pRmeihginaltrehynl owdindtsufaten@dsalpe mixtures
i ble to reduce e a d N 1
et e R phiEes TR katbrhednftolER o T 10
the fi '\gértlajlandutﬁé edrizer prateading ggmey i am thf phReoligopmicen most
bond. reover f‘@ﬁtag %'rtocess accordi ng to the i nvention

WW'Q{Q&%&MQ 3t ereosel ectivity upstream and
for. theajsge! aithen Introﬂhcrmhhahmaﬂothn@f daubierici prgduct: only

form and for th f

pr oduig¢drogends UP?§ q%-dq Fq&?'léet% Jgrﬁ%%$§é§%ﬁlg &ﬁm;éﬂal

?}r gg ﬁlg@lr@geﬁﬁl t K6 Meakes itt Pessibey entddane thenemount of 7,8-didehydro-N-
yl nal trexo advant

react mﬁﬁ"ylﬁ‘éftﬁ‘"}l’@%z&ﬂ"%ﬁ%ﬁ ﬁPB’FPatggq%?é%g\se naﬁi‘ x%cﬂ)é:t after

Wlo: gsgﬁ?ég’énahg@m #e.doubledmatione, in the presence of

i i Morasht Meorroiesspaersfig | ape o elon” ppides, excellent

giBotdtecdalceiily Jp@freahcama far ineUssaticanid N-hethytradirexgne @louble ion

roomtenperature 20
farmg eand afRy Jpe| @S]%‘ﬂ‘k)l )Wet H eﬁé%ti oﬂ%bgﬁg&mﬂt 6. L RN
g.(e # redrécxgneevagorateﬂ f][omthe filtrate to obtain the
ound in
(. o e woceRar By ot BT R  oB aRRl e o
Ea\gg rGbeEly Jb@amecem‘ar@aoang Walkriexstid bijcrogtBerdes odbasn naltrexone,
roxide. “30 This

WhRCEPTY | OSURG) I BERO0R o 1o BIRSTRCS R POTBS AL SF et the
P%Etlﬁﬁrh?éduﬁﬁ iR rlntafr@éﬁ@é‘cﬁ aBhdiuk Opre¥oably tthe feoypeatignof about

QDT@HQI[ at@m;t”a{j%:p; ﬁgg g{rqer{) &ng%%e%mp érﬁ?l%rég}lg%( %b%u't Qoldﬁn order

%gﬁé%&h@ﬁl‘ﬁplﬂélf}ftef‘obn@eo;it@ﬁélﬁrt @dsh Waitic lacekes alnti the acetone is
evaporated from the filtrate to obtain the desired compound in the form of an oil.

Preferably, this oil is taken.up, for example, in dichloromethane and washed, for
example, with dilute (3%) sodium hydroxide.

This liquid extraction in basic medium makes it possible to totally remove the
residual non-benzylated naitrexone and to avoid the formation of the impurity 3-O-
methyl-N-methyinaltrexone in the alkylation/quaternization step.

The product may advantageously nct be isolated, which makes it possible to
avoid manipulating a medium cdntaining benzyl bromide, which is a lachrymogenic

and toxic product.
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avoi d mani pul ati ng a nmedi um cont ai ni ng benzyl brom de,
which is a lachrynogenic 35 and toxic product. WO

Vs&%gﬁﬁgéi%s PCT/ FR2007/ 001516 = Final |y, igBR2007/001516

rding to the invention, the naltrexone
hydrochl ori de or the base nal t r exone may be
advant ageously obtained by reacting noroxynmorphone
hydrachl ori de . Y& 0 iorl. Nth ltrexone
o oA 4o HeceR aRinE Y, e CRRRter Tine  natrex
Hysl cbchipeide eatio naseenaltre:eaneeaey be mdnerntagem&lyo@:rtnige% datreacting

f{?gﬂ?(gt@ﬁ r‘_‘g@r at gie%cg%rllagtsvv\ﬁes Cl?r% 3 t?ﬁ&c%@pﬂ%ﬁgf efnabéi%ethyl—

a:babmde oih thhq:arqaﬂieﬂrmesmc s:u’dnlﬁx@m:bdogeli cafiiogatee the reactnon medium

F%gpeoﬁ%é to aﬁérﬁgﬁé@tﬁ ?na {;ﬁtg}e% ggcﬁ'@gﬁp a(n?rp%rg@‘\%ay B?tween 65

dndrgg’ GSasdaésmbbd:don exampgen step 1(qfdne protess of)Exanple 1.

t t
90\% %Fagfr?eﬁsf&%”iso?aautﬁ%%% b Bfrdloam 261 Bobadt (Rhgram),
Mﬁéd froth brménanysta of thpalouble. iBn2js debeibedanpbeemiedt (part

f Low are intended to illustrate the present

'%3 ntion, in a non-limting manner, and should

t her gfigure hatpleeentat & pmerenieraal @itfa:itdgrgrml {omi pawdgr i iagram),
caqpe, . 15 Unl.e ot herwi se. dat a

%&'Eﬁl frorg tB%fjgﬁ?lﬂ%H"\ﬂﬁ ﬁﬂe % J]n%ie Rt Egﬁt glﬁ:zza?ne) as

r ef efméC&an‘EWédmbEfollow Ereem&rmﬂad cbmlllostrate the present invention, in a

N- net hyl nal trexone, br de 20 f:

NN TRRRERETE ShEYa TheTRICE pgt b MEBRIGH a8 Boging fitithg it

Fé of noroxynnrphone hydrochlorlde 80.8 g (0.96

- ounssoeRyee manthied B¢ iR e BoBR) o RRfed i v

(teitaPnaahypdRns] ag @farbate. equi pped with a condenser and a
mechani cal stirrer. The reaction nediumis heated to
bet ween 65C and 69C. 25 At the end of the observed

%ﬂeiwn RrepgagionadfNHnetyinalttexens bramidd of
rononet hyl cycl opropane (0.44 nol; 1.6 eq.) are
i ntroduced over 30 mnutes while Kkeeping the

1. ?”quﬁbﬂfﬂlo@ltofﬁﬁﬁde base NaRidxonaiSwp 1 SN-amyl]aitm in -
about 6 hours, and the reactio r@ﬁ grpeﬁl n|t¢¢ mol
by HAO8 &nél-3&inol] 1o shIBMIBRY 8F'%§<y pRore

16584t r@nsﬁ:umg@d%b\é@l' chrBoRate%and Bbe mleaflﬁirﬁéthmchtummde are

S co led to 5 and then poured with s

vsapsHNehOIORGAT D 81 SORDOR THFCIRR SuRibRsd WiIh 4 Ba 5T and 2
RO JARaE iR Fi: rREENERESIHNT 1@ heffed to between 65°C and 69°C.

At the end of the observed evolution of gas (about 10 minutes), 35 ml of
bromomethylcyclopropane (0.44 mol; 1.6 eq.) are introduced over 30 minutes while

keeping the temperature at 69°C.

The N-alkylation is complete in about 6 hours, and the reaction progress is
monitored by HPLC analysis (residual content of noroxymorphone less than or
equal to 0.5%). The reaction medium is cooled to 50°C and then poured with stirring
over 1 hour into a mixture of 1000 ml of water and 100 g of sodium chloride
preheated to 50°C.

The pH is adjusted to 8.6-9 by addition of 8 ml of 30% sodium hydroxide.
The product obtained is isolated by filtration at 15°C and dried in an oven under

vacuum at 50°C for 14 hours.
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The pHis adjusted to 8.6-9 by addition of 8 ml of 30%
sodi um hydroxi de. The product obtained is isolated by

i [.O t 15C and dried [n an oven und
YRARIARIZEC for 24 nour e, b 2008 03467 RET/FR2007/001516
PCT/ FR2007/ 001516 86 g of crude naltrexone are

finally obt ai ned (yi eld: 88.6% (HPLC in accordance

with the s nd in ac

w13 46 A are Ralisnend s Jraly Cefitd i) Gt e in
al:l;&rcﬁnee with e étﬁndeﬁd @hd S gedrdahca fegandidg the H 8nd °CINIR and

&gﬁ 0.01 ppm: 0.45 to 0.65 (2H, CH2 _

"(‘%ﬁ%ﬁ!’)"t resol ved conplex); 0.41 and 0.66 (2H, CH2
(20/21), two multiplets); 1.11 (1H CH (19),

multiplet); 1.47 and 2.72 (2H, CH2(15), nultiplet and
dt): & 30 and 2.05 (2H, CHZ (8), 10 two multiplets):

. 831 (2H, o oH2 two nultiplets); 2.48 and

3.03 ( 116 nulti plets); 2.97 and 3. 32
(2H, CHZ ViQ) tiplets); 4.02 (1H, CH (9),
double@ J 0 182)| 1.5 Hz): 5.04 (1 H CH (5),
si ngl et 3 ' 18H(2), doublet; J =8 Hz 0.5
Hz) ; i Q:ON$14), singlet); 9.05 (1H, NH,
[ COH (3), singlet). 15 13C NWR

. 2.6 and 5.0 (C20 and C21); 5.6 (C19);
(Q0)y, 27.1 (C15);(80.6 (C8), 35 (C7); 46 (C16);
48.5 (C13); 56.6 (C18); 60.8 (C9); 69.7 (Cl4); 88.5

(C5); 118.0 (C2); 119.7 (d); 120.4 (Cl1); 127.8

(C12)y Mﬁhlpph{?@ 0. 0144§p§)(@% tol\@ss (esh@nr,qab/21), unresolved

i oni zation Pre ar at

OnRiey Orfd an%%gge (2t &z 2(20@1Be?+?yrryitip AN cn o)
multiplet); 1.47 and 2.72 (2H, CH(15), multiplet and dt); 1.50 and 2.05 (2H, CH; (8),

two multiplets); 2.10 and 3.03 (2H, CH, (7), two multiplets); 2.48 and 3.03 (2H, CH;
(16), two multiplets); 2.97 and 3.32 (2H, CH(18), two multiplets); 4.02 (1H, CH (9},
doublet: J = 6.0 Hz) + 0.5 Hz); 5.04 (1H, CH (5), singlet); 6.71 (1H, CH(2), doublet;
J = 8 Hz + 0.5 Hz); 7.11 (1H, COH (14), singlet); 9.05 (1H, NH, singlet); 9.05 (1H,
COH (3), singlet).

®C NMR (ppm + 0.1 ppm): 2.6 and 5.0 (C20 and C21); 5.6 (C19); 22.8
(C10); 27.1 (C15); 30.6 (C8), 35 (C7); 46 (C16); 48.5 (C13); 56.6 (C18); 60.8 (C9);
69.7 (C14); 88.5 (C5); 118.0 (C2); 119.7 (C1); 120.4 (C11); 127.8 (C12); 1401
(C4); 143.5 (C6).

‘Mass (chemical ionization (M + H)* = 342.2

1.2  Preparation of O-benzylnaltrexone (Step 2; O-Benzylation)

5.0 g (0.014 mol) of naltrexone hydrochloride (the base may be used), 5.0 g
(0.036 mol; 2.58 eq.) of potassium carbonate and 25 m! of acetone are successively
added to a 50 ml reactor equipped with a condenser and a mechanical stirrer. 2.6 g
(0.015 mol; 1.08 eq.) of benzyl bromide are then added over 10 minutes at 20°C
with stirring. The reaction medium is refluxed (60°C) for 2 hours and then cooled to
20°C and filtered. The filter cake is washed with twice 25 ml of acetone.

The acetone is evaporated off under vacuum and the residual oil is taken up
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5.0 g (0.014 nol) of naltrexone hydrochloride (the
base may be used), 5.0 g (0.036 nol; 2.58 eq.) of

t ' rbonate and 25 of acetone ar
@g%gé@#%ﬁs added to a 50 reactor equilg%.gng%no%mgwm
condenser and a nechanical stirrer. 2.6 g 25 (0.015
nmol ; 1.08 eq.) of benzyl brom de are then added over

10, m t 20 ith stirring, T t b 0
o el A soerentia foh el wica B85 <8 o WHE e
@wlirh hldrekigd. The filter cake is washed with twice 25

m of t .. Th t ' ted .of f

e TSN B 30 B e 9584 255 b M e o
re@idBaIT hEMRBeAANA6d Sikftrexiohe 4dhdTito alvoidi tHel urovatidm eofethanidnpurity

en ed with 3 tines, 25 of .di | ut 39 sodi um
e R e RenaT dh FuBPrRaioh SHRS: - nedi uen
makesaftdr fepRsigesdpardtiohalof Yhe phases Hyhsettling sindusadractions, the

non- benzyl at ed nal trexone and to avaid t.he for i

DN oREs Rasth saiy onas SisenEeig i ot Pr A Fiphgh s Rlce, and
i%lﬁreerq&lst%_tdaﬁ ﬂ*iezf?tldta\ﬁﬁg 3%@9 vﬁthoéfﬁjﬁ??rln.’yafri'ﬁoatmgng N
separations, of the e se ing and extractions,. .
Che. T it fighEaarg o Ave BONCUATEeeair Foftgining
beHzlhebmetieS Whichaé b athihakefeni) areetoxiapebducts t hen used in
the follow ng stage without further purification. The
product is not isolated, to avoid manipul ating a

l'TEdLUSﬁ'@d?LWaﬁiaﬂhWédls: éosMéyéJ fpeosii dbtainga '!slhta'kSnlato isolate the

achrynogeni ¢ and toxic product. Structura al ysi s:

QhegrInaITEroen cPIBRC R aPHERCTIGNAS: Ay of 1S o Py pgtrexone
PGB AL LILRNOEE bp dsbioiing thehlyabeoia hdiloforrdein fMTBE (-t dremethyl

benzyl nal trexone _hydrochl orjde.js obtained by
Tt B - oA B4Be 3P T BIYOIRIATIIMIBE - or et hyl
15 tert-butyl ether - and addi ng 35% hydrochl oric
acid). 24,25/ 123 i 22 21' 21212120, 4~/
1110 0233 1§319 18 514 9 N O+ H

'H NMR (ppm # 0.01 ppm): 1.2 (2H,CH, (20), multiplet J = & Hz; 0.46 and
1.20 (2H,CH; (20", multiplet, J = 5 Hz); 1.2 (1H, CH(19), multiplet, J = 7.0 Hz);' 3.2
(2H,CH,, broad signals); 1.67 and 3.2 (2H, C HZ (15), dd; J = 13.8, J = 3.0 Hz,
broad signals); 1.64 and 2.51 (2H,C Hz (8}, td, J = 3.2 Hz, broad signals); 2.33 and
3.25 (2H,CHx(7), d, J =145 Hz, J =5.0,td J = 14.6 Hz, J = 2.0 Hz}; 2.51 and 3.45
(2H,CH, (18}, broad signal); 2.94 and 3.45 (2H,CH,(18), dd; J =12.6 Hz, J = 7.2 Hz,
broad signal), 4.51 (1H, CH (9), broad singlet); 5.22 and 5.30 (2H, CH; (21) and
CH2 (217 J = 12.1 Hz); 5.00 {1H, CH (5); broad singlet); 6.79 (1H, CH(2) and
CH(1), AB system; J = 8.3 Hz); 6.65 (1H, CH (1) and CH(2), AB system, J = 8.3
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6 7 8 17 1H NW\R (ppm 0.01 ppn): 1.2 (2H, CH2 (20),
multiplet J = 6 Hz; 0.46 and 1.20 (2H, CH2 (20'),

nul tiplet =5 Hz); 1.2 (1 CH(19) mul t —
WQ)ZQ'%/‘J?’@@ (2H, CH2, be ondl i onal 5. 167 E1fRgogridotste
(2H, C HZ (15), dd; J = 13.8, J = 3.0 Hz, 20 broad

signal s); 164and251(2HCHz (8), td, J = 3.2 Hz,

or oaﬁ\?GSS_I(‘g-? o HZZ{{S)&H& @zﬂzsyzsgeng)zgl ’Gg'_&él)? )Cl-ggg)l‘?)en(zjy}%yétem
§8551H@-l'(l2£)|'@-1((23§5)benbﬁ@9§tef2 gnal); 2.94 and 3. 45
Si anal's, NURS(pPrTL 0. 5pPE) & PRy (GPRG: &) C'8) 5 2,10 275

Q%‘? § 24 (C@)L'Zss( W7 )amdo @H%)(Zgé)(ma) =54.3.(C 18l )61.5(09); 70.4

ez Sk oo 7S P ! L1 148 s B TS () 1216

}pzétaﬁm 05_34)— 1§8?(c\263 2%% 0349 4ad 1023), 137 (C3); 142.8
FRZOO 001516 gl CH(23) CH( 24),
Keiizand Gid)t #4859 6C bhan @31) 2@:7—1(2‘@53) benzyl systemn;
6.65 frhks Wl@ﬁbn%ﬁ@ §3)a32benzyl system). 13C NVR (ppm
0.1 ppn): (C20'): 6.1 (CL9): 24.2 (CO:
27.5 (c15) 31 % (C8) 35.4 (C7); 47.0 (C16); 49.2
13 g wifak 3
i )Pr ﬁgitft;r( QJfBN me Csﬂ-d E@ﬁzyéﬂﬂtézéxgﬁ% (lgﬁiﬁyl 1% 9f ge(gteP
undem?)atlommuste(rmzayonnz? 8 (C23 and C24): 128 (C25):

iig ST%%Q Oangﬂ ggli)fhe é%; %@é&gy}gd%soif/ﬁhg‘ﬁéﬁﬂ&mone and

thedlSﬁoEredOatl23°CPrvetba|sartr|hgnmtq a dry 50 mI reactor contamlng} 13 g
ukf 053 8121;3.53 eq.) of

NG B Qo0 ¥ i RSB eathihatey!p 7oy 0,083 ol 852 2o

pmatlesdisnl@pteaa&gtélen@ddefée‘cﬂr\ﬂ@dﬂlﬂhteﬁo m of acetone and

then ppuredal m?e%w gjgflﬂégr\ﬁlg{‘ﬁlrhﬁq Fbr% ﬁ;if @rﬁ dm?Z hours until

react or contail ni
mommenzwmm@@nwmwam@samearag ttE’L&a‘sowtﬂrmgB 53 eq.)

Of 1?h§?é%egl¥lne§tﬁlnx @tc%o b%o bb@a@?ﬁ%ﬂ ¥Ry, 10

ut es eac onmS|um ST ed wth stirring .
for aThe riitercakef isARadredrwitutwiceé 10tmeof acetone and then placed in

%ﬁ?e?séwt'?@) Nr H]eorhﬁ gt%LWItmtéwgﬁ%@%t @PEGor use in the

reac nmediumi1s cooled to 20C and
theW|nblsimgH\em10uTtsela‘tlolhter cake is washed with twi ce 10

m of Cetonec&]_\gqqotfhlg&a aqggztv’oﬂi iR d?@aﬁgﬁ §(Hrb'¢§dd?rbontaining

I tr store
dmtaetmﬂ stulfate Sirhilaoiy tige Qltetg@lw &NabLQOa gajmpﬂwhsulfﬁﬁ% resu:!ue) is

BRB0E cbonp et VSl R 4t P Lo s e

Hinhgtieyl sowe a@ﬂl&d:%dﬂrdmmﬂlhﬁyshlfael (fet-toxichsi due) is

Structural analysis; a small amount of the product is taken up and purified by

preparative chromatography in order thus to obtain a sample analysed as follows.
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di ssolved on the filter without isolation, with basic
medium so as to destroy the 25 dinethyl sulfate and

j net hyl sulfate (ppon-toxic). Str
%@?ﬂ/@?@&?smll anmount of ﬁe product is Ii”(gt!gﬁkébgﬂomms
and purified by preparative chromatography in order
thus to obtain a sanple anal ysed as follows. WD
2008/ 034973 12 PCT/ FR2007/ 001516 24 25/ 23 22 21’

21 32 O44El;:?11;L 216 19 JIj1SoH NCH 0 6 7 8 17
1H NWVR (ppm 0.01 ppm); 0.41 and 0.88 (2H, CH2 (20);

mul ti pB =230 Hz); 1.2 (1H, CH (19), nultiplet,
J =5.0 D35 and 1.06 (2H CHZ (20'); multiplet,
J =50 R, A @nd 3.0 (2H CHZ (15), d; J = 12.5
Hz); 3.1 and 3, (2H, CHz (10), 5 nultiplet d, J =
5.5 Hz, J =2 .1d—|23;21.63 and 2.43 (2H, CHzZ (8), td,

= 137 Hz, J =3.2 Hz, J =
, 720" dt, unresol ved

:73.66 (3H, CH3 (17),
[ tiplet, H= 3 Hz);

S\’ 0 and 5.28 (2H, CH2

doubl et of nultIpke
11.5 Hz); 2.25 angd §
conplex, J = 14. 7
s); 2.9 and 3.15 o 2H,]
5.03 (1H,CH(9), dN\T3
(21) and (21", d, 5 -
OH2(18); dd,dd, J He, CH.= 9.4 Hz; J =13.5

Hz, J = 3.6 Hz); 3 i (5), s); 6.82 (2H, CH(2)
and CH(1l), AB s@stﬁam7\] = 8.3 HAY: 6.68 (2H, CH(1)

and CH(2), AB system J = 8.3 Hz); 7.33 (2H, CH (23)

o Al o PoAS Bl T < o
HZBC1 RINRH( Spint! 91 ulfiped) J =35.8 HAL2D55 and Z.QGGEBQGH;(ZD’); multiplet,
{539 g P55C @] G 89y 902 808 LBt g o
ro@igipt d, 7.25.5 821J an20.21M2), 1763. ahd £288)(2H8SH; (BLTy; doublet of
e 087 @ i o0 SRS e 2 18 8 o o
WBRSoivelidbniplex, 03) 14.8432; 3 { ZB1HzING.6612; CH4G1T), 6CR2 and 3.15
6B Gy FRE bR 1 S Bl ST L M) s B s
(2dspee (2 andddt'|i dut atlldnidz); 2.60 and 3.77 (2H, CHx(18); dd,dd, J = 13.5
Hz, J = 9.4 Hz; J=13.5 Hz, J = 3.6 Hz); 5.05 (1H, CH(5}, s); 6.82 (2H,CH(2) and
CH(1), AB system, J = 8.3 Hz); 6.68 (2H, CH(1) and CH(2), AB system, J = 8.3 Hz),
7.33 (2H, CH (23) and CH(24), benzyl system) 7.33 (1H, CH (25), benzyl system;
7.33 (2H CH{(23) and CH (24), benzyl system). 7

*C NMR (ppm + 0.1 ppm): 3.6 (C20); 4.2 (C19); 7.1 (C20"); 25 (C15); 27.9
(C10); 32.5 (C8); 35.3 (C7); 49.0 (C13); 53.8 (C17); 58 (C16); 71.4 (C9); 72 (C14);
7.21 (C21 and 271°), 73.2 (C18); 89.6 (C5); 119.0 (C2 and C1); 120.3 (C(1) and
C(2)); 121.1 (C22); 127.8 (C23 and C24) 128.1 (C25); 128.5 (C24 and C23); 136.8
(C3); 143.3(C11 and C12); 146.0 (C12 and C11), 206.8 (C6).

Mass (chemical ionization M) = 466

By HPLC analysis, the existence of the (R) and (S) respective configurations
with respect to the nitrogen atom is observed, in an R/S configuration ratio of
96.6/3.4.

.60 and 3.77 (2H,

1.4  Preparation of N-methylnaltrexone methyl sulfate (step 4:
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with respect to the nitrogen atomis observed, in an
R/'S configuration ratio of 96.6/3.4. 1.4 Preparation

gf&gq%@bg&%@'al trexone methyl gulfate (step ﬁCT?‘ﬁ@20071001516
4 13 PCT/ FR2007/ 001516 O debenzyl ation) The

above acetone solution is concentrated to one third,
100 M of water are then added and the distillation

Hrlgieege é%guml s continued until the acetone has been

enove ter cooling to 20C, the above solution is
addedTmmamFEdelml sofution s congeniated (@ oge d)rd, TH_mI of water are

&%ﬁ‘%dd‘%ﬁé@ﬂ@%ﬂ@ flakidhe Under IRy fgcﬁugg\%%%bgtgthe acetone has

sequence are perf orned,
eexdtratehicsbing a pressure of 2.5 bar of hydr ogen. The

O debﬁﬁ%ry!é&glha nt? f?_lﬁgﬂ% b%vgf%oﬂtpﬁblguédd%dht%%% p¥fddilm-on-

nmoni t'or cont én
thamedahy0.3 @.benzyl nal t r exone rret hyI sul fate | ess than

0. h j.
01 1t o astipEXKATE £ e ol OGS, gl RBences ()
ak ﬁ(?ﬂmahh@lfnlﬂivtede)ycmm}mmthgla meﬁa‘uaet ef 2. ?I' ber ofhyalr Clim is
e
o o et SEtgenedelift s, SO bR HNE? 866l 2RSS menioring by

HBLadvamentgd :N-methyt dviagreyinaltiescrte mnthybelmltate togs dvah 0.5%). The
of. an

%%ra{ra rflliggalgpug ﬁ:gol:eg F?Te%% é)rgouﬁl eretfﬂ:l r\émow %dé)gaqglygts used,

1S Teadl
hydr o@hm aﬂqmemmsrmkmsn iof NsmsthyMaﬁraxone e'uhhmé stilffate dnasuetained is

ro N- yl nal t rexone (conjugated
ﬂ%%doq{'gc 3E¥V%'PH’W ‘ucture) in the final 20

pr oduThe afdrey! rpymiectggn@tcbu.m cof théephimolid eoxdypenl. haghea twofold
$ivodgqi:9t is not isolated, to avoid contact with the

SNA9St  di methyl sulfate (highly toxic product). 1.
Pr epatlesvage MthMtn&ﬂrby!Umt'mlnt med ofcembliaicflear siveip Broduct: only

h 25 | fa
N ot ot s undh Al AR R ke dpovad
conpoluwdc)ge'ﬁaeoraMBast sassiiie tnreduoentist ageunt pis7, 8 -didehydro-N-
30 PELTBaRas <o R, WBlong, s PRl s the fna
unti Ipradgd:tl after h;aigogﬁrlﬂoﬁ of me?:lo%blasbmbt ai ned (natural
i um carbaonate ,in wa
medl u-ﬁli??og ﬁﬁ?ﬁ? Pt aYated. Tfoac‘fo{ﬂe ?c%qt%cg%tal ng Ehﬁﬁgbhry | sulfate

(highly toxic product).

1.5 Preparation of N-methylnaltrexone bromide (step 5: methyl
sulfate/bromide exchange)

1.5.1 N-methylnalirexone double ion (isolation of this compound)

The aqueous solution from stage 4 is concentrated under vacuum until a
residual volume of 30 ml is obtained, and 1 g of Na,CO; is then added until a pH of
about 9.5 to 9.8 is obtained (natural pH of sodium carbonate in water).

The reaction medium is maintained at 20°C with stirring for 1 hour.

The use of sodium carbonate in this step makes it possible in particular to
destroy the dimethyl sulfate after 1 minute of contact.

The insoluble matter formed is filtered off by suction, and it is thus seen that
an N-methylnaltrexone double ion may exist under these particular pH conditions

(with the use of sodium carbonate Na,COs3).
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The use of sodium carbonate in this step makes it

possible in particular to destroy the dinethyl

W&?@ﬂiﬁ #fd79r 1 mnute of copfact. The i nsopgip/FR2007/001516
ormed is filtered off by suction, and it is

thus seen that an N-nethyl naltrexone doubl e ion may

exi st under these particular pH conditions 35 (wth

the uﬁ%@%ﬁ%’%% %mmbﬁh%MFlltem %@Qlﬁgﬁi’rﬂgﬂé’r okAained

PCTI F ructural analysis

albyegsisuspanded in weied af ﬁ@bll oftbeuh@bi( hlcbﬁ‘ﬁ%{ﬁeﬁé‘oP%EMFetO purify
& . tisSthen( by suction

o, JUFENGE ek Sy T Rl e B o

titrafiorsarnd ttbylngdesaltl ng' ) and is then isol ated by

suction filtration and drying. O3 2\ 120 4 ~ ,

1310 N 20" 9,013 1516 Y18 9 514 OH+ CH3 O6 7

8 17 5 14" Nf\/Rz(ppm 0.01 ppm; 0.0 and 0.48 (2H,

CH2( C20) ) ™ let, gp= 5.0 Hz, J = 4.5 Hz); 0.88
(1h, CH (29 i J2& 4.0 Hz); 0.29 and 0. 60
(2H, C , iplet, J = 4.8 Hz); 1.49 and 2.51
(2H, CH2 Gl £ offSultiplets, J = 10.4 Hz)
2.79 and : 2 , d, J =19.9 Hz); 1.57 and
1.97 (2H, 0 ; dd doubl et of multiplets,
J = 13.8 GHQ-HZCHJ:152H2) 1.77 and 2.71

(2H, CHZCS dgubf’et of multiplets, dt, J =

13.9 Hz & 174 5.4 Hz); 3.38 (3H, CH3(17),

s); 2.80 and 3.03 (2H CH2(16); dd; J = 13.0 Hz, J =

3.5 Hz); 3.72 (1 H CH9), d, J = 4.6 Hz); 2.47 and
3.60 (2 NMROKEonh 180.01 topdid0.0and ®48 (2, CHo(E2003mgltiplet, J= 5.0

15 e o I b i i .

), iBipk Sy eng 8 Hzy, 849 ariz)2. 513m r\wﬁz (Hpndowklet efpnyltiplets,
i G i g 2 g 3o
BAL(79; dClibublebst. ouliféf) ) = 1208 Blz(L£9)3,9 HB, 8= (1@;128I)+z ); 10.7%nd 2.71
lec-ﬁ%ﬁlz i o) RlbreterindidisE, 81 “hd o A% L1459 HAYE 5.4 Ha),
3.38 (3H, CH,(17), s); 2.80 and 3.03 (2H, CHx(16); dd; J = 13.0 Hz, J = 3.5 Hz);
3.72 (1H, CH(9), d, J = 4.6 Hz); 2.47 and 3.60 (2H, CH, (18); t, dd, J=9.8 Hz, J =
13.9 Hz, J = 3.5 Hz): 4.54 (1H, CH(5), s), 6.35 (2H, CH(2) and CH(1), AB system,
J = 8.2 Hz): 6.26 (2H, CH(1) and CH(2), AB system, J = 8.1 Hz).

BC NMR {(ppm % 0.1 ppm) = 0.0 (C20); 1.3 (C19); 3.7 (C207); 22.2 (C15);
25.4 (C10); 30.2 (C8 or C7); 30.3 (C7 or CB); 47.0 (C13), 51.0 (C17); 55.5 (C16);
69.8 (C9): 70.3 (C18); 70.5 (C14); 111.9 (C5); 118.9 (C2 and C1); 118.6 (C1 and
C2): 124.1 (C3); 143.8 (C11 and C12); 147.8 (C12 and C11); 211.5 (C8).

Mass (chemical ionization MH") = 356

Elemental analysis:

- theoretical calculated values (C 60.7%; H 7.68%; N 3.37%; O 28.24%)

- experimental values (C 61.64%; H 7.6%; N 3.18%).

These two values take into account a water content of 14.45%, which may
be interpreted in principle as a degree of hydration of a trihydrate form (3H,0).
However, the following analyses were also performed.

Analysis by powder x-ray diffraction (XRD):
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C2): 124.1 (C3); 143.8 (Cl1l1 and C12); 147.8 (Cl12 and
Cl1); 211.5 (CG). 20 Mass (chem cal ionization MH) =

anal ysis: - thgoretical cal CF'b‘FIF‘RiOOTIOMSﬁ
ﬁﬁ%@;g 28 7% H 7.68% N 3.37% 0 28.24%

experinmental values (C 61.64% H 7.6% N 3.19% . These
two val ues take into account a water content of
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Recrystallization from a methanol/iwater mixture (of the N-methyinaltrexone
bromide) or optional washing of the isolated product (“double ion”) with an organic
solvent (for example methanol) allows the lipophilic impurity O-benzyl-N-

methylnaltrexone bromide to be removed.

1.6 Preparation of pure N-methylnaltrexone bromide (step &:
recrystallization from acetone/water)

5.6 g of crude N-methylnaltrexone bromide (dry), 7.5 ml of water and 22 mi
of acetone (i.e. 5 volumes of an 80/20 acetone/water mixture) are successively
introduced into a 50 ml reactor equipped with a condenser. The medium is refluxed
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Recrystallization froma nethanol/water m xture (of

nal trexone bromgle) or opti onapcyrRY009/001516
W?%ﬂﬁ‘{%t ed product ("domu le ion") V\nthbgn orggm c
solvent (for exanple nethanol) allows the |ipophilic
impurity O benzyl-N nethyl nal trexone brom de to be
{9e V%ﬂw eg’%(,) a0 e clgéafypl%ra%ltagmn%zsgtefﬁég I‘*\-Ln{%fl'yzhtf@bhé%@rﬂﬁie is
mmmnﬁ/wmearqt 60°@)garmlftherhmiélt1‘ﬂ1¢ra hourgd linte shformé of acetone at
%é%m de (dry), 7.5 m of water and 22 ml of acetone
. 5 volumes of an 80/20 acetone/water m xture) are
succeSisé pedduct Becipitates ducetitipmt the soBdiontis ceeled dp -2°C and the
% g I_h a condenser. The nmediumis refluxed WO
b6 8‘?4@ $89PCT/ FR2O 07100 1 51 6 for 15 ninutes.
The cTioeiphodoettie diied ufderdaswoh at20°K iee R YoUE! t r exone

brom fil Ty v vield

Fi 10 rioes 4 ppist el By S S 8L i s v

plaieco heeglpe tmlinaltsa)doue|t1mmldeh@nQoTQ%|Wﬂdlr§|at'Ve to the

c0 2C and t 5 precipitate is filtered off.
3'“&"@:1}[?6‘? ?QyﬁPF@gﬁduer%der vacuum at 20C for 48 hours.

4.3 g of pure N-nmethyl naltrexone brom de are finally

obtained (76% vyield relative to the crude
N- net Irga!t exone brom de, and 70%vyield relative to

t he 4l trex ge hydrochloride). 10 O3 2 21
20 4 )5 19 N 17 Br20CH3 O 6 7 22 pn) Physical
char actger|i :1M’i|tl point: (DSC): 262C 15 1H NMR
(ppm N S tpc @ Nal t rexone except for: 3.7
(3H, C(@2?3

5 N17

O c:|—|3
O 22
6 7 (i

Physical characteristics:

Melting point: (DSC): 262°C

'H NMR (ppm, + 0.01): identical to Naltrexone except for: 3.7 (3H, C(22)
singlet); °C (ppm * 0.01) identical to Naltrexone except for: 58 (C(22)).

Mass: (chemical ionization): (M+H) = 336.3.

Complies in all respects with the literature data.

Example 2: Preparation of N-methylnaitrexone bromide (step 5: methyl

sulfate/bromide exchange, variant without isolation of the intermediate

The aqueous solution from step 4 of Example 1 is concentrated under
vacuum until a residual volume of 30 ml is obtained, and 1 g of Na,CO; is then
introduced until a pH of about 9.5 to 9.8 is obtained (natural pH of sodium

carbonate in water).
The reaction medium is maintained at 20°C with stirring for 1 hour, 2.1 ml of
48% hydrobromic acid are then added over 1 hour, i.e. down tc a pH of about 1,
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00 i n anhydrous or hydrate form 2.

(1)
H@I ér exone doubl e i O{b accordi ng to gEfiFR2bo70D1516
aration relative to the nitrogen atom 3.

N- Met hyl nal trexone double ion, of formula: NJ OH
|
h

1.

0-

N- et
W@ZO
N- et hyl nal t rexone doubl e ion according to Caim1l, of
(S) configuration relative to the nitrogen atom 4.
N- net hyl nal t rexone doubl e 'gﬁgg!,ﬁacor ding to any one of

Cains 1 to 3, in the for hydrate chosen from
the hem hydrate, dihydrate and trihydrate forns. 5.
(R) - N-net hyl nal t rexone doubl e .i on ' rate. 6.
Process ﬂorNM%Bﬂ??'H@‘@ﬁJOHL%é?%ﬂfﬁ% l")r/éxone doubl e
ion conmpound, as defined in any one of the preceding
clainms, conprising the step that consists in reacting

N- et hyl nal t rexone neth sulfate in aqueous sol ution
wi th an al kal i ne |agent sen fromthe group
constituted by sqdi car bonat e, potassi um carbonate,

cal cium carbaone nesi um car bonat e, caesi um

car bonat e, arbonate and m xtures thereof,
reaction medi um of between 7
preparing N-nethyl naltrexone

| east the steps consisting in:
(i) reacting ™4 gl trexone nethyl sulfate in
aqueoug)solution wi t h @n alkahine agent chosen from
the group constituted by sodiu carbonat e, potassium

car boRahghydfdlsCdrinytinte foomat e, magnesi um car bonat e,

caesi um car bonate, strontium.car.bon '
2008103453 Nom e PARRERS | SIS 4o §%°Z°ﬁ@§§jn{§| i@r'%i)&ﬁ?e\/@f )

wi t h di met hgpnfigdtdtrheelative pahé aiegen atanhe  presence of

sodi um hydrogen car bonate, .t he r.eact| .nediu ing of (S
ref | uxed $-oN-BetyineliExert i“?“r?ie '8P é‘écgog%ﬁgbtoe@?ﬁ . of (8)
di sappear anggnffuritits relatievalie niticgenatome conpound.

4. N-methylnaltrexone double ion according to any one of Claims 1 to

3, in the form of a hydrate chosen from the hemihydrate, dihydrate

and 10.
brom de,

and trihydrate forms.

5. (R)-N-methylnaltrexone double ion, dihydrate.
Process for preparing the N-methylnaltrexone double ion compound,
as defined in any one of the preceding claims, comprising the step
that consists in reacting N-methylnaltrexone methyl sulfate in
aqueous solution with an alkaline agent chosen from the group
constituted by sodium carbonate, potassium carbonate, calcium
carbonate, magnesium carbonate, caesium carbonate, strontium
carbonate and mixtures thereof, for a pH of the agqueous reaction
medium of between 7 and 10.

7. Process for preparing N-methylnaltrexone bromide, comprising at
least the steps consisting in:
(i) reacting N-methylnaltrexone methyl sulfate in aqueous soiution
with an alkaline agent chosen from the group constituted by sodium
carbonate, potassium carbonate, calcium carbonate, magnesium

carbonate, caesium carbonate, strontium carbonate and mixtures




14. O Benzyl - N-net hyl nal trexone nethyl sulfate. 15.
O Benzyl - N-net hyl nal trexone net hyl sul fate according

| of (R) configu tlonrelatlve
m%@%ﬁa#gm 16. O Benzyl - ?\?mt hyl naItrexoE:(G::”'irr}{1=§i¥|)7foo15'"5

sul fate according to Caim14, of (S) configuration
relative to the nitrogen atom 17. Process according

d
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nal t r exone, presgrice dfeodiyim ltydmgedie;arbcmaai;me)mptlwmmedlem being

presence of potassium car ghate, )
bei ng mai ntrgﬁ (95 @f 4 Sé'Fflcl%? ’Qﬁd" %Ccﬁsta%%oﬁ? %%ﬁr%gé%ﬂhe ©
subsequent | herizgingitrekerre canmabunkde acetone i s evapor at ed

fromthefl ty at 0 anthed |re conpound in

the form'$ ﬁ? ﬁ&"?gm}l 5%’(@?5"5 %ﬁﬁﬁ‘?\tato Caim1l7,

i nI whi Ch1Bm-mgylrwmlﬁygndﬁty@foﬁehhéthlehﬂlfaﬂe adeerdirgst Claim 14,
nal trexone i i nor ox nnrphone

hydr ochl or | HARNFYTISLRB KRR Byee BEPERaRET

di met hyl QGe@%@nﬂﬂ#\lh‘fhtﬁﬂhﬁlﬂﬁémenﬁﬁhﬂfsw@m aumlwmb" tg€haim 14,

car bonat e, g actl on m bei heated to a
t enper at ur 7ép) 'O%Geqe l?l'ggen atom.

17. Process accordmg to Claim 13, in which the O-benzylnaltrexone is
obtained by reacting naltrexone hydrochloride, or base naltrexone,
with benzyl bromide, in acetone, in the presence of potassium
carbonate, the reaction medium being maintained at reflux, and then
cooled in order subsequently to filter, and the acetone is evaporated
from the filtrate to obtain the desired compound in the form of an oil.

18. Process according to Claim 17, in which the naltrexone
hydrochloride or the base naltrexone is obtained by reacting
noroxymorphone hydrochloride with bromomethyicyclopropane, in
dimethylacetamide, in the presence of sodium hydrogen carbonate,
the reaction medium being heated to a temperature of between 60
and 75°C



