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WD 2008/ 034973 1 PCT/ FR2007/ 001516 PROCESS FOR

PREPARI NG N- ALKYLNALTREXONE HALI DES The present

i ' lates to a procesgs for prepari NngCT/IFR2007/001516

m?%qf%gg@exone halides. 5 N Al kyl quaternary
derivatives of naltrexone (a nonencl ature of

nal trexone being .

(52) - 1 BReseied @PERPYREPARNG MAPKFROXNTRERNE IACIDESY MO

r phi nan- 6-one" or cycl opropyl met hyl nor oxynor phone)

are known for their therapeutic applications,

eSPECHAL Lo nfTTABMIdIHId6% 81 prbBEsSLIRP fibpdti Aalkgiiefrexone
it possng & 1o conbi ne a m)rp?n ne treatnment in a

Ieelideent , significantly reduci ng the adverse side

ef f ecf,s L& ' ' ERRire of nalt
cspoct ZHRY it REHDRBSor HalickPhe (& hokieRBRs of naltrexons

Baihgret (3y)-Madcycopornyimetbylk4 Saeroxd H-¢ihydrexmaorphinan-6-one  or
RN a6 fRupplications,

PR P AP R o8 rblF SRR, et pptistons

espscialip dwmethyinaitoaxene kihel wse ph whirh @ipkes Harosgipe to combine a

H - ifRGhiy | i 8 dideabffects of
Rl Fpderg STRBLACT SoniRehty tadicPORAS fe 88 sderéffects o
fbep hirendricyderivatives théreoh especialyrandhy gasteiniesihabiagthe

N- met n =V ] t h rigii ! PYLANAS (R)-N-methyl-
det erﬁ%e‘%ﬁyeﬁw{!ﬁé%& i@gfegg%g(‘#l F%P@and a‘é‘%)( ) y.

dalaetanee b s theecanpoRAdHf (R) RonfigugatiopHelatipe to (e nitrogen atom, it
onf i auratd.on, o ot r (SHIN-ARIHWY bdipBund has

e o Lo bt ST KRR ST Y b

aetivity bpyasitepo 1@y Hesjrasiipr acnoehpanyiry agoerPhipgreses Heaed.

the a bH I L : H)?’"’ [i® SR tife N- (Maltrexone
group%%oﬁﬂégﬁérneéfeﬁésg%t@ta y qgglﬂo ropt%l ,gr%’ﬁ” The

béngmg tred fosimiulat lselow wiad devernained ki M&I ofgihggplated (R) and (S)
refe MS or 25 tetranethylsilane) are at 3.62

é'ﬁ?r\ef%’?&}?ﬁeél( 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; descPHbed processes conprise conditions,
especially o

- {S) configuration of the ammonium (equatorial methyl): R, represents a
methy! group and R, represents a methyicyclopropyl group, and

- (R) configuration of the ammonium (axial methyl) : R; represents a
methy! group and R, represents a methylcyclopropy! 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
Piverss/fdaoVer  pressures, gonprising the PSE/FRR2007001516
anhydrous sol vent system especially 1-nmethyl- 5
2-pyrrolidone, but which nevertheless still has

drawbacks in terns of inpurities, the inperative

Sathburft! &‘nf'é%ehpv‘érﬁo%? %v%lowhbfrbdhfﬂﬁ\/ idnfdel ¥xdtemge, hich are

an unsati sfact or i el Ther e was t hus

gueampatiblecsith thg eﬁtré‘i’ é@'!—‘sﬁf'ﬁ' aplratieravai | abl e a process
for tr\ﬁaer’wtngbﬁfc ficH W@ag Soloesuplsi AP @dschbsd a process at lower

derlvatlves er the best conditions in terns ;’.
p:rrg@mes @nmqogauﬂ@me aﬁ%lOfeaﬂ/?WMM%OIVéﬁHSSSﬁ’f%PoeSP&Clally methyl-

g cﬁ@oﬂé‘sbtf?% é?\eﬁébef'tﬂHiﬁgs s@Phad @a%bﬁéi(sﬂh'téﬁnﬁ&bb’ n’@ﬁﬂtles the

pect edl very advant ageous i mprovi ng bot
tlhwera’ﬂpe auﬁ'mentlv dﬁWcmm. fnwhich mwtﬁéydﬁad%éﬁ yU“E‘ﬁH?fE‘CtoW
gﬂ ¥ for the personnel but also for the environnent,
d the yield for the desired final product, i.e. an
N- al kyTheae wee thusectestinaseasinginsipstiie hpgg Ryailable a process for the

Wﬁ&l@f :5] %LD&IE?F%IQE SPL S, ddriVafiresO LA@IGRe BEétitonBRions in terms of

nventio ess conprising the steps according
MOM@MSEIGW@IHGWHNEWFB@%QN ¥eled. WO 20081034973 3

T/ FrR 001510 EB6 s, SHel/ S pRldP¥Rd mespocteay,for

startin Nor ox one %OC|OFI H
H(Br)N a@mntmwsimmm@mg egibr @hmﬂ%{éema gonditipgs in terms of

hOst I frhe Qn\ﬁl%nrrlgngénd the yield for the
%aﬁpeiﬁgrogwﬂft%gﬁ %enr%ﬁ1 brom de O BENZYL (y]\l
desired final product, i.e. an N-alkylnaltrexone halide, |n part:cuiar N-

methylnaltrexone bromide.
In accordance with the invention, a process comprising the steps according

to Scheme 1 below may be performed.




KrC, OH O0-Benzyl nel bexone \ / BnhOO 0 (A1 SO |
NNHCO, |Ir Aoemme QUATERNI ZATION i N CH, SO

A t hyl nanexone Met khyl Surete 0"
m&iﬁﬁl 1 bar Waeefrr ?’Uy OH CHSG, "PETHFR2007/001516
N- Met hyl nal trexone Methyl Sufte HO O Na, CO Water H
EXCHANGE N- Met hyl nal bexone' double ion" O HBr

f\l’éoﬂéﬁgl?‘no\/\l\lat er N"~ Br' PURI FICATION | ~CH 1)

ater 'l \, OH ' Crude' N Methyl nal bexone Bromn de
2) AcaonefWater . -~ HOO0. 0 HOO O 'Pure'
N- Met hyl nar rieméetnnaltiefons Bomide, staltiag trenx HorbxgmerpiviaeHyaivachibdte
starting conmpounds and the reagents nentioned for the
process according to the inventdon, when their node of
preparation is not WO 2008/ Q34973 4 PCT/ FR2007/ 001516
descri bed, are commerci al |l abl e or described in
t he M FEratdre™™ or may be-¢prepared according to
met hods that are descrilted ttherein or that are known
to those skilled in the\,eﬁtl.mmmmmm

NaMCO, —/D
N

OoH
Wallrenone
HO o

o]
Benzyl bromide lAwom O-BENZYLATION

N-ALKYLATION

KLO,

0-Benzyinalrexone

BnQ o o)
(CH1,),50,
NarICO, | Avetol

5)
XS
R
o
)

" CHSO,
0-Benzy-N-methyinalirexone Methy! Sulfate i
N 4
' Bn0 o

Hsz’d{C)l
Wi

QUATERNIZATION

H

DEBENZYLATION

2 o

1 bar

N-Methyinaltrexone Methyl Sutfale N/

oH EXCHANGE
N-Methyinaltrexcne 'doubile ion'
- e} o

f, _L‘* Y ﬁ\
/Nﬂ/ o PURIFICATION N
iaa yfi 1) MethanolWater q_‘:{f E‘H
'Crude' N-Methylnaltrexcne Bromide W, \_ ) ..... i ( f‘ ‘
vl o Y 2 Acetone/Water h 0'\
© 0

‘Pure’ N-Methylnaltrexone 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
parti cularly, a novel 5 internediate conpound which,
ng to be bound by any theory, igenl
for &éald\é“?ggbl e ion having t}Hﬁe formula (1) Egrr{)i:v'\%i%TIOO1516
(which may thus be referred to as an
N- et hyl nal t rexone double ion): NOH 0'- 0 O(l) 10

T ecti s (

B3RS K ek B RO oSl 17 (b o oo

Nerepéaied| axmotdink omenatoeds that ane deacdritaldsthengix tanrtbat are known to

tIH(e)r eolz", I|nncl u’gl ng racemc m xtures, formpart of the
NVent| J)erﬁj &%F es its anhydrous form the

I\I- met hil suidjéat eafottee goesEne ingantionyisathas, recstspaticulatye a novel

formof. a hydrate. 15 Accarding. t.he t e

o B AT, SERH s e Sd B BV inebAiis in the
cfombiof atdoaibledibn lhlaeng ompfonmdiaocl) Hatownwiaiclf Maywhoshbe refeed to as
m)rg_m)“]e] lkre e WZ’E” of crystallization in the

c"ﬂ/ TRV 'aF 5%" 8Q)cl udi ng the water of insertion
into the mcrochannels of thg crystals (or "water of

i mpregnation"), the hydrate -&. i bly being determn ned
firstly by analysis on a prOCrystal and t hen

confirmed routinely 2 by conparative anal ysis of

di ffract ograns (or er OHagrans) as is well known

to those skill S and illustrated in

Exanple 1. Sug Q formpart of the

i nvention. Fo em hydrate, dihydrate

and tri hydrat e/ TOTHRg be\ent i oned. According to a
particul ar e@bodi rrenp of theg nvention, the double ion

of 25 fornmula (1) has an (R configuration relativell

to the nitrogen atomand is in dihydrate form This

novel N-methyl nal trexone doubl e ion conmpound, of

f or mul Bhe( iepectiny diastbresisagesus|(R) bed 8 epanfigdratipes eelative to the

g%g/essﬂé%w%g t%%[hggﬁg@ﬁjtgeg(féggiouﬁggﬁns;aﬁd' D hixtures thereof,
hhciﬁdnhgrmhm gdures nfetrhpbrts:lﬂrtlfeameentnnaqueous sol ution
vonm RSl BEysP A oL SRR S uti o, mav oo

exisbontab dornecal « hydratear bonat e, magnesi um car bonat e,

caesi opake,. ng, i a b
oo SRR B 2R R e oion
BraochbirGitian of ﬂ'reecfcﬂm;ainlnyl dﬁédmm.dm (1Dwith and 09 n®ramblegules Of water
o?%rtﬁfz%%gn C|)n the crystal lattice, i.e. excluding the water of insertion inte 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 (1), may
advantageously be prepared via a process comprising the step that consists in
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bet ween 15 and 30C, preferably about 20C. A subject of
the present invention is also a process for preparing

rexone brom de, gonprising at
2@’%’5@!‘%@2?. ng in: (i) reactgl ng N-nethyl na???gﬁzﬁgwomms

met hyl sulfate in aqueous solution with an
al kal i ne agent chosen fromthe group constit ut ed by

SR REneRRBALe R Hby T E® 1 28hEoust Softciutn an alkaline
Sége@nt:hmdambdmgreupndnsmmed by sotiber wbqnaf©fNQiC|§1=D @ptassium
t

pqaé?cg} eous%cgl?ra; echoq_gm r%;nggrupwet %ﬁgn%eangare%&ﬁgg%r onate,

betitont em d&bamte?mﬁhrrmterfeermbrepf afmou pPOCS tlzm@qumm sgjution of
I rea tLng t

e S dpidhd BRLRRRY i 'S 20808 S dnth sk b temperature of

Vlz]tdtwbem $5 added a. cprzfagaﬁw gﬁout BG"G\quleous reaction medi um

0 . n an

t he rég %CQac? ﬁLl1|8r B?eg‘?gtbl'r&eﬁ (Tﬁ'{ ?sbr?Ys con?Fb%#gs ]f?h%%armg N-

Sg?myinﬁt@rﬁﬁ(ﬂml\? aroi'rttidg]é h:emp::aleg fab ieast the stepsaronsiating no

obt ai n,.t he |

the al@g eaﬁtg\gagerﬁ?%y@ rﬁrécg ) ﬂ}e}@m%ﬁhgt% lnzﬁpuP 665 SHRBNY with an

ckelinket ageat] clysensiash Wine geoupostastitutaddbip sedigrpiaarbonate, potassium

g(?@r(t?:?n %,g’rc nd m%e;%ﬁé@%{w% %réggé(}get Qae%ﬂﬁ] carbonate,

@‘tﬂbntmftﬁn ?ﬂtﬁtma(e and dmames bimieafofmea pl'ﬁ loé thesapiepos reastivrumedium
ated_to a

RS ha AP 807 aersbl Seert iy &8 AR afeteynttature o
Wtivbedl i 5 30l B0 préferably sheait P9°C,campl tbéein and t he

h | ub) e
e b P 4 v PR e PR et e B SRR fgeraby o
rgoh aakémadtien, whichriatagided joreh epHalof yhe cqadumst reecnon rmedrum of

ﬁ%ﬁ?\%?% 1% q%ﬁ%ﬁgd Bfeg?ﬁagg_ro‘? elétrfjh ngﬁ éaﬁgpge are preferably left in

Rﬂfntédtu\hlmlstlrm'rgﬂf@rr rae durtheb ochendour, trherders tiugbtoe obfdn the N-
uct obt alg t the end of step (i) described

pr
JB%*\%@!’”PEEP‘%%GF %fter filtration by suction, and is
t hen S%mﬁlds?dthen atkaling @enf /s/va:hesermfmurtbe gcnomf aongtityted by

FRapiLe? Gprophate 47 Rasciit S BBPTe: A U oS PRt on i

hydr obs&utrding el dne pﬁrﬂélﬁaﬁérhbocame#S%mbaMNayaha aiided at the end
B s e R e AME T B8R 3b P ppegaure o
Detrber 20 REIECU S aanipts betvecAlGand 80T, dreferabtpapdw 60°C,
e SRt i SIS 2o G TR R v
adefdatdled bBNBY fiitrator, i@ Bider Isnsédqmbhﬂy watdot the methaeol/water filtrate,
Segfaerrr{’i1 tgdtoouatbogy fl l t |rnatc|rrger t(IJncr?/rspaﬁize besrg UENHe delired 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 aqueous 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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filtrate, preferably to about 0C, to crystallize

therefromthe desired N- nethyl naltrexone bromde. 5

R@%Yzﬁ ?lo hgpdion in a methang /water m xtur egFR2007/001516
N-net hyl nal trexone brom de) or optional washing of

the isolated product (N-methylnaltrexone double ion)

Wi th an organi c solvent (for exanple nethanol) nakes

'b[)eﬁé’l%ﬁ‘ bh@ Hﬁtﬁ §0|Lt|trb‘ﬁ isl laRgRi EdrfplE@D Wiidt Yhe remalmng light

enz trexone brom de that may stil
prr@lehte mater !prﬂtﬂfewaa%@@fiuﬁ bigfiliratiam én Pméﬁwﬁ?ﬁumy 16 cool the

a ispcl te u feoth | @e od d N-
C R TORIURY, (B0 AR TR, (hediap Herdin i esire
dnwwlmﬁlﬁrwnerbr@m!deacetone/ wat er i xture, preferabl y
Of 80/ % ﬁ%ﬂfzb% tlﬂ raefﬁwg%an&fvﬁd‘téf qlﬂleuréorofatN +RA$naltrexone

nut es hen separ ation

fbrctnmae) oh epiierst MFashgq:g. anthgfssqiﬁt@dwroﬁgtf{%rﬁgtr‘ypﬂ@ﬁ@ﬁgm double
W géﬁ}&"'sglg At r@%mﬁale r&étﬁ&ﬁolbﬁaﬁ@ﬂt%@&sﬁkﬁ@ remove the

pre era and cool i ng of
t hnophdaa:mpuwtyrﬁ;-dew Ndnathv@ﬁlﬁfékmmbr@nu@ that gy gt be present.

Pref ef 3RL Yrodets dbérallgBlRY @ébfué@ﬁ%@eed%ﬁﬁbg&%h”ﬁlude a step

precipitate ei ng covere [ tration
def parificatgrs oktheN- o’fetrpmaltfa)@ae |b§q1'mg¢ tlﬁqpeobtalned by dissolution in an

aeaBFé{/H%géﬁtrﬁtg‘?ﬁﬁ)é‘ fﬁs?l%% o)fjﬁf 8570 e2Bnh %o rd¥RA( Bféﬁﬂbl\jlf@' at least

di'sso ter mxture or |n wat e
abbwg; 15iminltes, apil¢hes sgparagjonl oy hetsfi@ﬁtl@mep@awgatlon of the N-

I
Bl R om oy IBnR hehBEflafe ' Corick® WRE P acetone
maseferablyacly alpaud g3 Gs lapd (ﬂ@phnm@ﬂ thy reamipednedigm to a temperature
Ong%Wb réf@rtagtfr Q%,Elthg)ﬁpﬁl%g&ﬁ%méxoné BtdnAiti€ th Recipitated being
hydrogeriati on step. I's hydrogenation step may
adamnelagéwdwaymbeamfbdlﬂ&ﬂ med as described in Exanple 1
bel ow,
o o, BCH ISR AREESAATS! N N RALSURREFaroce iy o o
fpemmfecbwaadpammmnsml atm@hanqlhvaéerhwkygewan ﬁteas@im simitar
rrg ut%ddnldr%:%ﬁtt{sh&rtﬁé)gémetc EmlcaPGIec R 4 tHetBHSihad

al ne erature of between 30 and 50C
pr ef er abthe WOCBSSudﬂﬁerlb%d pelewsu\eeNrsmethﬁa@Ue@%mB@M gfifate may

Ig))_ﬁg e%g%%ﬁ agl[l%lﬁf oﬂt$ﬂe rtgg%HEJegtlr@ng; _BedAf- N%%blﬁbl@rex%ne methyl

ctron umi's then” cool e
apdfdib & g hydiogenatiogysdemem renoved by filtration. 30 The

produ Cmggﬁ%&%ﬂaw s%ﬂ‘éﬁ{&é&%@ e%u&?tbek}?erfo?rﬁbéta% cHeﬁcnbed in

whi ch POSSI contact wth
r Esampel i belohy| asdl feuere (rwreghgynera%f cby pEekigetng. @ﬁenzw -N-
t he t he V,

CHReRIHERERE: AL R [ AL O, sy sohten o o
adycanga@emusjnﬁ% Imakiadierd-doychaecoet, ithe) reachiem zryeldnwn bP'@ﬂ mntamed

o?E g a%%ﬁ{d%%: ’ léﬁ&lgélﬁ %@ﬁar}d go‘i".fﬁj}r%?abls} Roid CufeP SLPe8sure of
about 2.5 bar of hydrogen for at least about 2 hours for complete O-debenzylation.
The reaction medium is then cooled 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-methylnaltrexone
methyl sulfate may be advantageously obtained by reacting O-benzylnaltrexone with

dimethy! sulfate, in acetone, in the presence of sodium hydrogen carbonate, the
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WD 2008/ 034973 7 PCT/ FR2007/ 001516 reacti on nedi um
being refluxed for a sufficient tine, preferably at

| 2 hours, for acegeptable disapp
t ﬁ?@@i@%@? 7 PPRfAR0?/001516

al trexone conpound, the reaction
nonitoring possibly being nonitored in a known manner,
for exanple by HPLC nonitoring. 5 A subject of the

SRS, R, Rty SO b bt s avout 7
tIh%ws,gbil*a?aameptabﬁm_isaeswalr¢e\/_ef dh@s@wbeemlrwn@memor?mund, the

( C u i . [ n
LB R S SRR B oy i e o
aHBDOC modtitories t hereof , i ncluding racem ¢ m xtures,

form p&\ Hugggtc%t? ﬁa' ﬂg%%%ngii@%nti%rg islpzﬂserg gﬁt hg\}gl ﬂ{tern{eta?ate compound

benzyl C oxygen nost
p@rdeneyiNvmgihtiresitrexoneohethyl salfatenthag ebtainedl eavage

W t hout, intr t.on_an t f ioni c '
pr oduc t?e Beﬁ'P%&H’% ydcﬁos rgﬁgloé‘lgtsggf O(h?gﬁg (?ﬂgoriﬁgptagtﬁgs .relatlve. to the
fwitrogeh aom eddDibenzydibmethyinaltiexdne geethyli enifateakans! plso mixtures

possi bl.e t . -di dehydro- N- 15

BT 0ol it MIGW AP rllof vEPRORBKTCO T 00

t he finapanicadduyctheaberaryl photestingegraup oon dhe tphendisuloikegen most
cess according to the invention

b .

ﬁ%@g%%@r%%\éag{w%ﬁ?%dg%rggq €reosel ectivity upstream and

]1: or 4 h@ea;j\m?éaw:tthméuti ‘:mtnNduei_tohy bnail forreatiore of oarb| |_gn|'p|oproduct: only
or and for. | . , |

br oaucareoedis L Rna3HE o ettt e 18R Fombii

pr ocestyydasmatiom gnakes tihpossiblesta fedioce ttine amount of 7,8-didehydro-N-

Ob I { . , '

eact  HEPATPIESEn TRl P aie RO PRRRH IR aleY 1 W P prct ater

W t h herrgdenbtiombiide doobladendne, in the presence of

pot assj,um car bgnat e, the ign dj [ .
POt 2 SR O e ar PR AL FEC BB, B, oceten
adigstbred5el6 Oty fupstredio wind Zohtba isnlatmndn thmethytralteekone double ion

R SRECER 17 AR B Yl WIS SRIERL e o on
anethpinaltiexoneevaporated fromthe filtrate to obtain the
this am e roeePpli e LR Mo e, 0L BV ERR e, may be
aavanagbeukly bbtaineexameaetingnaiitextineUtyelr¢cdidrideodt base naltrexone,
L SEhET a8 g 06 Sl BABEAGFE Bt e
nesctlvenmgtiate Being| rhaintained atnefiig meferably bt aftempataten of about
%%;P%:agﬁﬁ%é%/ggng%ﬁgh Eglgl?é\ll-&gre otow{erﬁ%etrétﬁ?(eo{é%ohtnzd"ﬁ in order
subsequently to filter, and optionally wash with acetone, and the acetone is
evaporated from the filtrate to obtain the desired compound in the form of an oll.
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 naltrexone and to avoid the formation of the impurity 3-O-
methyl-N-methylnaltrexone in the alkylation/quaternization step.

The product may advantageously not be isolated, which makes it possibie to
avoid manipulating a medium containing benzyl bromide, which is a lachrymogenic

and toxic product.
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The product nmay advantageously not be isol ated, which
makes it possible to avoid manipul ating a nedi um

c ko nzyl bromi de, whigch is a |achryppgau
3%%%@@%9}3%product. WO 20087034973 8 PEYRR2007/001616
PCT/ FR2007/ 001516 Finally, in the process according

to the invention, the naltrexone hydrochloride or the

base n@ikglfyexﬁpethgaﬁarg s@déégéréﬁlﬁo%! ic/peo%%rﬂﬁq, bt¥19 naltrexone
reacting -“horoxymnorphone Aydr ochl ori de w

binysirestédride| anytbé dpse paliexone midiyniet ddMantageetsiyiodtgingdnby reacting
t 0 Ligm Ay g - - -
AEeRFINER Ch SR YRS R ot ametny
batetmeidefD thedpeSéhandf podifirar mldrageinetarkematé SthearedciBoCmedium

. | |

SR G e DY Benl o Sl S pRIBGED Seleen o
darid 89E, agdasaribed, fooekEmpld; iagtepn) of thelpredase df Exampla 1.

nMonocr y. | ,of _th upl g i on. as:. i.bed | y
orcsrtag 1 lbREei8 R RebAhoy Biafdile ol bR Sorar)
eotpainedrdonala aiohbergstaboofr e daublepmndes dbsadbehin Example 1 (part
op ined fromthe double ion, as described in Exanple

1 %% rt 1.5.2). The exanples that follow are intended

t o i | |Rigtrea? ereptesepisese rexperiventai diffradgtogram (or powder diagram),

e kblode FBR8 ko, A5 deButtti Ty ERFLBE BB 988 e
ot her il reeexaemgléoihati follblwardiMRerdizt do Bekstaiedhe poaseal ineehtion, in a

Rty B A HUR hPRs BRLOE R PIHiSa S FRTRLE hitng e

Rrcepar ati on of crude base naltrexone (Step 1;

N-al kyl ation) 1 L 27 L) L : :

v ooiees fieete dheytoflydhr iy JRGBELIPORTBBRIe witn TS
Hyadrangetiylsilanbpamsatederance. 300 M of di net hyl acet am de are
successively introduced into a 500 m reactor equipped
with a condenser and a nechanical stirrer. The

rBxaamtplert: MiRKeparationhefeN-ebthyinbittexean bEd@idend 69C. 25

At the end of the observed evol ution of gas (about 10

m nutes), 35 m of brononethyl cycl opropane (0.44 nol;

H.$ ePrpparationsfrordie @ds@waitrexongi(Stepes Nvallytatidmepi ng

the tenperaju at 69C. The N-al kylatiop i.s c | et ,
i abaB - {obar <ron Al horeoresERensh nivisgRietde. OB §' D06 mo
56 b9 e dndidrPLiydediiny sarbofdte Sarduabo aanberimethylacetamide are
noroxym)rp_hong | ess than or 30 equal

. to, 0,59 . The
SYSERSSYRYnEHPEYRedsINiH 81 W 1B f%%fé‘”aﬁ‘d:“'%%wﬁgﬁ éan%flsﬁr and a
Shédhahizgl iver. Thd verEtidnvhediamTs Kkated 1@ bethR@A 65 C @hd 69°C.

wat er and 100 of sodiumchlorid .
At the end ogf the observed evolution o?‘ gas (about 10 minutes), 35 mi 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
equa!l 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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preheated to 50C. The pHis adjusted to 8.6-9 by
addition of 8 mM of 30% sodi um hydr oxi de. The product

solated by filtrgtion at 15C an
W%;@ﬁgm%@g 35 vacuum at 50C for 14 hoursgcﬂ#'g‘q:’dﬂbﬂ‘1516
2008/ 034973 9 PCT/ FR2007/ 001516 86 g of crude
nal trexone are finally obtained (yield: 88.6% (HPLC
in accgidance wi,th t a n c a o
ogar dPhs theo HP PSSR e Sl BRIETBES tPLe in
2adca?dar wsﬂh thé 2fantiadDar® ihJicterdateayeharttng the TH qmdﬁc N3R and
5067 (1), 1H NVR (ppm 0.01 ppm: 0.45 to 0.65
Tﬁsséﬂi f%)'Zl) unresol ved conplex); 0.41 and 0. 66
(2H CH2 (20/21), two multiplets); 1.11 (11-1, CH
(19), nultiplet); 1.47 and 2.72 (2H, CH2(15),
mul ti ple 1.50 and 2.05 (2H, CH2 (8), 10 two

mul ti plergy 2110 amd 3.03 (2H, CH2 (7), two
nultlplg {8 a . (2H, CH2 (16), two

mul tiple ; 71@1n ,'F 32 (2H, CH2(18), two
nru|tip|e1§%- H (9), doublet: J = 6.0 Hz)
0.5 Hz); \5. 04 X (85) singlet); 6. 71 (1H, CH(2),
doubl et 5 : 9IZN 5 Hz); 7.11 (1H, COH (14),
singlet); @H H singlet); 9.05 (1H, COH (3),
si ngl et 1S 18C NVR (ppm 0.1 ppm): 2.6 and 5.0 (C20

and 21):95.% (C19); 22.8(IXCL0): 27.1 (CL5); 30.6

(CS), 35 (C7); 46 (Cl6); 48.5 (C13); 56.6 (C18); 60.8
(C9); 69.7 (Cl4); 88.5 (C5); 118.0 (C2); 119.7 (d);

120. 4 HENWIR: fpbfn:8+ (C02)pprid40.45 to( O4F; (2HI3CH, (2081), unresolved

e Sabsy T ano SR B Mol e 2Pt G, on o
QnBﬁua b at47qmy 578 z:H (=015, mﬂltlbleoénm&ﬂ t1.68ane 2.05 (2H, CH, (8),
BRI s DR s Shnded S snds o o,

aCiel, aWe nulilBplEteR CESE kM@ BY32 (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); 8.05 (1H,
COH (3), singlet).

3¢ 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); 140.1
(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 mal; 2.58 eq.) of potassium carbonate and 25 ml 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 m| of acetone.

The acetone is evaporated off under vacuum and the residual oil is taken up
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added to a 50 ml reactor equi pped with a condenser and

a nechanical stirrer. 2.6 g 25 (0.015 nol; 1.08 eq.)

of, i de are then added over 10 mn
Zw%hﬁéfﬂl ng. The react |d|(§n mediumi s rﬁﬁﬁggmﬁmmsw
(60C) for 2 hours and then cooled to 20C and

filtered The filter cake is washed with twice 25 n

2Bl PEarBRErare s ent Jnd NP Govaoh pscam o7 dile 3%

P@EdlEW?d:GHblSlG in 40 mM of dichloronethane and

hyar ox 1T T etdi B aelc medalmhestSotsbiikin Gfaly hhove the

nmaltnmzblb%ldt faltrekénd )agdeﬁﬂiouﬁnldi gtﬁe hfbﬁrfﬁaﬁtsrab_f the impurity
al trexone, an 0 .avol t ornmati on
B YRRty 858 R el R SR Br cvong. | &

t he qualter pederiity separptichs 4 therpHaeed oy rﬁaﬂ@‘ng and extractions, the

atlosof t hases .b ettli n
© RERIoEorapRans meb i B BoRenrated Fih pp duie il ofipke Rgoe, and
fhusrthfb@uwu mtthércatbwmg §t@¢h@ﬁltlﬁ}#m®.ﬁ}]heaﬁdrlflda?orﬁ hen used in
the fol|low n e W thout further purjfication
ot oduct e Prhtet S oL, atiated, to ol raliPblatiag  ghegium Sontaining
wed:hmm@alwnnﬂgus all@ctremayénibaadiai, probugh is a
| achrynogeni ¢ and toxic product. Structural analysis:
a sanple of the oil obtained is taken to isolate the

O benzgtrogtlital @h@weusprwéymblei Bf koD cdbisinédies ftakan (4 hedlate the
Obenzﬁ | trexone %d hl.ori de is . obtai
"A Ut 8i |1

d
dPske eXeNe pRog yagchiaride pfSE - I(tgg r{.E%ﬁsb;fylnaltrexone

1hydrechlonud ¥l otréiRed by digsbhastithg bsgé)/orhmdmﬁhlmmea - or methyl
2 019 580H 21

i d
S By iner? a@d@%amﬂ%%hwlfc a0 01 o : 1.2
(2H,CH2 (20), nmultiplet J = 6 Hz; O. 46 and 1.20
(2H CH2 (205}, multiplet, J =5 Hz); 1.2 (1H OH(19),

mul tipl ek, -IZSOHZ) 3.2

"H NMR (ppm = 0.01 ppm): 1.2 (2H,CH, (20), multiplet J = 6 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 signais); 1.64 and 2.51 (2H,C Hz (8), td, J = 3.2 Hz, broad signals); 2.33 and
3.25 (2H,CHy(7), d, J=145Hz, J=5.0,td J =146 Hz, J = 2.0 Hz); 2.51 and 3.45
(2H,CH; (186), broad signal); 2.94 and 3.45 (2H,CH(18), dd; J = 12.5Hz, J = 7.2 Hz,
broad signal), 4.51 (1H, CH (9), broad singlet); 5.22 and 5.30 (2H, CH; (21) and
CH2 (21°);, 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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(2H CHQ broad signals); 1.67 and 3.2 (2H, C Hz (15),
= 13.8, J = 3.0 Hz, 20 broad signals); 1.64 and

2 8), td, J = 3.2 Hz, broad
@2@@0?@5((% Gb(ry . 402 14 5 SPETIRR007I001516

=14.6 Hz, J = 2.0 Hz); 251and345 (2HCH2(16)
broad S|gnal) 2.94 and 3.45 (2H, CH2(18), dd; = 12.5

Fosd & i EieaCHERs Badisleom %éazﬁ?zﬂgég%eeﬁg system),

é@.;s'g)(:(lH,ﬁl—ﬂZ&)(ZCH(Zﬂ;Zjhengyl&Q?téﬂrﬁt CH (5); brgad singlet);

. ! an , S I R . .

6. 65 (TF NEH by rﬂﬁepﬁé’)%)sA@@s@Wﬁ1 @ 10 275
Cﬁﬂ%%%fl@?@eilsﬁ rt PRAOW (OE)546.2 (62B);; 68@5(Q1BY,61.2 (C9); 70.4

S tebbend 213 %%5311 gg?&%gﬂm%@i%éﬁan%@ 1216

2§pm 8Qc1>3mma) C248); 8 26GR2B); (282?1 (0(;2c47 ?naﬁz%m?gg;mz 142.8
4633121 %’@1% 1%8911&‘(@'8‘3 %1&%7(1 70.4 5 (Cld):
72.1 (ffdds @Mza&nbnNH@Q&Z(ﬁ) 118 9 (& and d);
119.9 (O and C); 121.6 (C22): 127.8 (C23 and C24):
128 (C25); 128.5 (C24 and C23): 137 (C3): 142.8 (Cll
and Clpjepatdtion’ dfChZmetitlIOlbenz fﬁﬂtrbxb@)mh’ﬂ&ﬂ sulfate (step 3:
(tonization MH) = 432.5 10 1.3 Preparation of
NNrraethylationp gHg FRiEAtoWxone met hyl sulfate (step 3:
N-met h'Y!g@Bfl BPtaindH 34 g{é"br%%dilﬁé‘)sta-&é% Qisbol08d /i 2®ehl b atdténe and

preceding stage is dissolved in of acetone and

t then p@ﬂﬁ@dﬂta O*Ro@it sHTeg; iig ﬁnght58 ai degctsp Geptaining 1.3 g

@3@1 ﬁlcg B‘fgsoldﬁn Gyd&geﬁkgrﬂﬁﬁbte @7%3 @953 n'fbﬁ 353 eq.) of
di rog e car bonat &; : g.)

ommeirwl aulfeée agﬁthgmaﬁéﬁcéowéotm@Hteadded over 10

m nut e Fgé%tsér\e@%&?uﬂﬂlsq@%ﬁé@\hlﬁ §tﬁflrﬁd4f6?@ Mintrhurs tof I7RiHd@Irs until
for a mnimmo ours until

Ohﬁ@rbynzvén&ﬂf@(ﬁdﬁéaﬁéﬁal{Y&'%HPﬁaEﬁds(E‘ﬁhga’P%ﬁo(“Hﬁ’Lc
moni t %H@@act&h@ealﬁﬁﬁ&'CQBIeH‘i‘cSiQG“C hSd #AlReErddo 20C and

then filtered ter cake is washed with twi c

m of BmeﬂtterecadmdStwmahemvatfeavmwozui o vai0Re AOR (tBRT Placed in

(lg\?s'_p%mﬁc!in INQQ—T% i Radhi). tTiad e?Itfaﬁe 34 Qtpel At 220€ fbPluse in the
use oW ng stage w thouf isolation. The
piobeiviog sta:germthoutsleolaﬂ@u to avoi d manipul ating a
d |
producty, ggﬂ&ﬁg%t 3éd(]?%§¥ko Sd'&bfdaﬁw%mpﬁldﬁhbaé dfedddﬂ%ontammg

filter ca sulfate resid iS
ddisethy sdlfate. Simeilarly, ther filtert at(Nak@%tTé*ﬂfﬂeW‘t ?P'f@&%lf%s'd“e is

MRYLINEg 5P RS f;ﬁﬁyﬂﬁﬁél{t qyolét with BAdIEWB4iurs Usd akaoadibtroy the

form sodi um ne nhon-toxic). Structural
adtioneyiyl sulfade amhfdrmaa@dum m@thw mdfate GIAGCEXIEs t aken up
and purified by

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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preparative chromatography in order thus to obtain a
sanpl e anal ysed as follows. WO 2008/ 034973 12

MQZ0EREEE 10 15715716 1913714 o' “ora PO RGPTIO0S1S

17 1H NVR (ppm O0.01 ppm; 0.41 and 0.88 (2H, CH2
(20); multiplet, J =5.0 Hz); 1.2 (1H, CH (19),
multiplet, J = 5.0 Hz); 0.55 and 1.06 (2H CH2 (20");
mul ti pl et, = 5.0 Hz); 1.75 and 3.0 (2H, CH2 (15),
d; J =12.5"Hz); 3.1 and 3.41 (2H, CH2 (10), 5

rrultlple’i5 —2155Hz J =20.1 Hz); 1.63 and 2.43
(2H CH2 ( d?i doubl et of multiplets, J = 13.7 Hz,
3.2 3 2.25 and 3.16 (2H, CH2(7),

dt, unresolved D Iex J =14.9 Hz; J = 2.8 Hz);
3.66 (3H, CH3 ( )}Qz 3); 22 9 and 3.15 (2H, CH2(16),
multiplet, H= 3 ; d J =41 Hz)

5.20 and 5.28 (2H, 5 (2 2O’ d, J = 12.0
Hz); 2.60 and 3. 77%( b \gd, dd, J = 13.5 10
Hz, J = 9.4 H; J J—&@WMSQSHH

CH(5), s); 6.82 (2
8.3 Hz); 6.68 (2H, g
Hz); 7.33 (2H, CH

, AB system J
AB system J =

a—l @H benzyl system
7.33 (1H, CH (25), be em  7.33 (2H CH(23) and
CH (24), benzyl s;‘}%t@m7 BC R (Bpm 0.1 ppm): 3.6
(C20); 4.2 (Cl9); 7.1 (C20'): 25 (c15) 27.9 15

L5100 ok ikt Bb ATt b - 5o
132)212G18) Cl—ngﬁ ro@bplet, V050 rﬂz0;20 86endl .06 (Z20C8, (Tf 1} multiplet,

095 8L oS8 0w 081 o) £ 8ka KDy v, 10,
anglti@ery; J =46. EOHtCl% and KA1),6286d 8.430@H, OWsEB), td, doublet of
CSPERRRCY LSl 2 Tk 460 E0s B TS AR YE i Bl o
winrésohesipmntpléx) JtHhed Qi Hz e . LaHRN3IES (Bbs @Hkgd7), ish B8 and 3.15
Ror, ERNl 1P UnAkibRY K 543 5.03%18/ @), o, J = 4.1 Hz) 5.20 and 5.28
(2H, CHz (21) and (21', d, J = 12.0 Hz); 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).

PC 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 (C186); 71.4 (CY); 72 (C14);
7.21 (C21 and 21%), 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 (CB).

Mass (chemical ionization M") = 466

8.3

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.

1.4 Preparation of N-methylnailtrexone methyl sulfate (step 4:
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1.4 Preparation of N-nethylnaltrexone nethyl sulfate
(step 4: WD 2008/034973 13 PCTI FR20071001516

Opfts'28pg/pha4/0n) The above anéone sol uti on ippT/FR2007/001516
concentrated to one third, 100 mM of water are then

added and the distillation under vacuumis continued
until the acetone has been renpoved. 5 After cooling

t By . above solution is added to 5%
pgjl %%nzk?‘iloﬂp

umon-"charcoal (0.3 g). The reaction nediumis
t hen waheraboveoackide falutpinig cerepniatagsto ONe/tkz), 108mel of water are

Eg{eggéd‘%g' ald Heoéﬁ‘ﬁﬁlg;\%@ g@é@rb béftg % ominesg Uit He %%ez?ne has

dr ogen. eénz lonTs conplete a
aberrt rendvedrs, with nonitoring by 10 HPLC (content of

N- met hyk - O yl.n n t byl sulf ot
N et PHbOBAREYL BN BB il B 85 5 Bacm.on
f chareoad d0.B8@)r enove the catal yst. The aqueous sol ution

of N Lgr X s ' '
o o TPOLYRRbD AR SR gl B 0 BB
paret pecformgd goltaweddry edtablishieg @l pressuxg gen. Shes ofhydredest. d

15 adv s Cl ' ' d ' d P

1S, et Wlhener 51 ot Yt BOEACESHAEL A poggorn o
aHBLE Heortehtug e netiyirddbérzyinalicixbye methy edfate less than 0.5%). The

hydreoge i on._mak ' ' unt
CHAEASPRRLL DS THIRD 2o RoRRL Rl B BN BReREP

ket oneThe bagseonarsoiutign sif Namethyinaltrexoné endtihyl slulfatgghus obtained is
produ f e | on of the double bond. The
plfjs(;.eg’ucg{ecﬁ\éﬁﬁé? %@@ﬁ&%@éét o avoid contact with the

r esi dusihe dbemeyihrotsctingatgeoup( hingtihg pleetiolic pexydect has 1a Swofold

%f%ﬁ[a%tei on of N-methyl nal trexone brom de (step 5:
y 25 sul fate/ brom de exchange) 1.5.1
N- met hgléamager eitomd ohtrobletionoand i oinatieroref oéin tiahie product: only

concent e AR M R e o

30 fysir iore chakesd dosgibdd t hes a nt atld8edidehydro-N-
il b i bt air

Bﬂ;'of BeBihndlrexfie than Uq%ﬁé%?%ﬁ! hf %’%E”“f?ééf??‘a&g)% the finel
i t if J io2 63 hei dolnblst handi 1 )

The Smmg?mgogmwgﬁggoaﬁ %y Eﬁt ant;?ngé‘?aezr H.ou:h | sulfate

sossi b6 pradpetd TR ifAR8R 3o yalh ottty R Bhd eSfebal dimetny

Shighttexiafretuct). m nute of contact.

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

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

The agqueous 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! suifate 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,COj3).
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The insoluble matter fornmed is filtered off by

suction, and it is thus seen that an

Nwmqw@éngone doubl e ion ppy exist under pbhfs8007/001516
particular pHconditions 35 (Wth the use of sodium
carbonate Na2CG3). WD 20081034973 14 PCT/ FR2007/ 001516
Structural analysis: a portion of the suction-filtered

. | . ‘
Iatn sg g%@dﬁﬁ%t 55313&?%%' éﬁ'ﬁorﬁm}ﬁg esgéﬁlﬁyﬁ%gés’qj@gol'uﬂlev\ﬂﬁﬁér obtained
pLAkiONG is W@eﬂd@l@f@wﬁt@h abepbraf akoul §/§|(‘gh||gp makesdl passipte to purify

aqﬂe ' @o%@@@oi%%*c@%%@é:ss Hgt"l‘.lg%ltlrfd"istaﬁgt lbngg@nlggilgteg by, suction

cHy satoRandodrgng. 8 17 5 1H NMWR (ppn1 0.01 ppn); 0.0 and
0.48 (2H, CH2(C20)); nultiplet, J =50 Hz, J = 4.5
).

Hz); 0.88 (1h, OH (19), muitiplet, J =4.0 Hz): 0.29
and 0.60 (@H3 CZ Hz(20'), multiplet, J = 4.8 Hz); 1.49
and 2.51 (2 R (15) , oublet of multiplets, J =
10. 4 Hz) 2.,79 Ap(10), d, J = 19.9 Hz);
1.57 and 1. - é&jZUS 10 or (7); dd, doublet of
nul tipl ets,pJd 18 3.9 Hz, J = 15.2 Hz):
1.77 and 2. &113 or (8), doubl et of

mul tiplets,sd g , J =14.9 Hz, J = 4 Hz),;
3.38 (3H, 3 03—)| 42{334) and 3. 03 (2H, CH2(16) dd;
J = 13.0 .72 (1H, CH(9), d, J = 4.

6
He); 2. 47 En6 3760 (2'|:||Z|)7CH2 (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 15 J = 8.2 Hz); 6.26
(2H CI—K-I]&MRn(@pﬁ-i& za)m ABnS S0 eng 0MB=(281, THAZG20)); SMINDER, J = 5.0

3 L 3008, P, Ak vy s g0 can.
CEB-)zxZOﬂf)? roul{Ela3 ;= 818 Bz); G140 and2. 98 (RE1LEH; (169. BupED of multiplets,
195558 $AB) 2 Awd 8, QM) LT 10301 Pl v
147 (B; (Clbudled oCﬁ:lll)tIple?é,lJ $51§.66)z, J203. M}&s JEcheRiHzyl 1.77 and 2.71
| RBeetn 2A 8) costeley GLRTRLS 2 2998 HE 4= o 0 - 54 v
33?3'6%3!—0 Q8 PAYE); 2.80 and 3.03 (2H, CHy(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=9.8Hz, J =
13.9 Mz, 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).

*C 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 C8); 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 3.19%).

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;Q).
However, the following analyses were also performed.

Analysis by powder x-ray diffraction (XRD):
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- experinental values (C 61.64% H 7.6% N 3.19%.
These two val ues take into account a water content of

1 ' may 25 be integpreted in prinpcliErAMTMO1516
gvgggg%?\im%rati on of a trihydrate form (3H20).

However, the follow ng anal yses were al so perforned.
Anal ysis by powder x-ray diffraction (XRD): WO
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@@e rt%gg%éﬁg#ih%tﬁﬁ%éﬁétb% lggbg%(/%h in gm ?t/g onf uration ram of 98/2.
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reacti o en nmal ntai ned at 60C until the
di ssolTiei mce&ngummnajlé ynattenpd stigpentibe ih i2fhml ioh sol MeOEl/water

nat 1 er i ved N-nethyl nal trexaon L
W AT R A0S PPl T ) e Bl e is
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cooling, angd is then fi c

roory S BREsF ke Pale SRy R B e preo off and

tthee fildateeis hlryémad:dlécebcom?@ The&m:d&l)l neethyipdlirexale hrasidengystallizes

of th i sol at oduct blelon) with an organic

Soipalind. B EealPEtRt BeSSN ol | ows. the 11 pophi 11 ¢

| npur iRe¢n@tdieatyh fi¥m a methanol/water mixture (of the N-methylnaltrexone

bromide) or optional washing of the isolated product ("double ion") with an organic

solvent (for example methanol) allows the lipophilic impurity O-benzyl-N-

methylnaitrexone bromide to be removed.

1.6 Preparation of pure N-methylnaltrexone bromide (step 6:
recrystallization from acetonel/water)

5.6 g of crude N-methylnaltrexone bromide (dry), 7.5 ml of water and 22 ml
of acetone (i.e. 5 volumes of an 80/20 acetone/water mixture) are successively

introduced into a 50 mi reactor equipped with a condenser. The medium is refluxed
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met hyl nal trexone brom de to be renoved. 30 1.6

Preparation of pure N-nethyl naltrexone brom de (step

6 lization from acegtonel water) 5.

%%Esﬁfﬁi{ﬁﬁ nal tr exone brom?%le (dry), 7.5 2’1&"%2007’001516
water and 22 ml of acetone (i.e. 5 volunes of an

80/ 20 acetone/water m xture) are successively 35

LT

oo afthed R, Bandl MaudrBE i RlissiV a5 il Bonpgpromice) i
PﬁﬁﬁrW@GMI&GtﬂKGO G)aandlhenhot fitteste isT heuret dotby1(hret! ef iagktone at
5@1,(@ ssol ved N-nethyl naltrexone bromde) is filtered

0 while hot (60C) and the hot filtrate is poured

i nt o 10herpraaiuciapetipitateatin sbl@on, Tihe goiutiduds cooled to -2°C and the
pLeci pi ' olution, the solution is cooled to
_ér%&éﬁ%%?%@?er%@gﬁeci pitate is filtered off. The

pr oductha wodud:teisidﬂmjemdararauuum at 2QCof ¢8 héBrshours. 4.3

gb?;, ne eEt ?gc% é?hﬁ rgv%lqﬂf&%g lée tbgorpﬂg a?;ffwgll?%l ained (76% yield

Netadivé \tb rthé tarede mbmlatmmadmxoa@ tbraiifdey iaat d70% | vidid welatios to the

t , [ t 0 hydrochloride). 10 O3 2 1 21
Z%SH'F@%%g&&g%ﬂﬁr?éﬁ@%?l7+Br CH3 7 22 (111)

Physi cal characteristics: Melting point: (DSC): 262C
15 1H NMR (ppm 0.01): identical to Naltrexone except
for: 3~7 g3H- C(22) singlet); 13C (ppm 0.01)
identiQ o I1rexonf except for: 58 (C(22)). Mass:

(chem cal tion):“(MH(Q= 356.3. Conplies in all
respecté4 1ée re data. 20 Exanple 2:
Pr epar at i/on yl rexone brom de (step 5:
nmet hyl pm{@e |exChange, variant w thout
I sol ati oN her neqigat e B
N
M7, Br
o CH,
22
6 7 (111

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) = 356.3.

Complies in all respects with the literature data.

Example 2: Preparation of N-methylnaltrexone 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 to a pH of about 1,
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N- Met hyl n rexone e 1on, of formul
@NaBr, NaCH350,) in the methanol/water mixture, whereas NaBr is slightly soluble

in the ethanol/water mixture.



(1) in anhydrous or hydrate form 2.

N- et hyl nal t rexone doubl e ion according to Caim1, of
( j tion relative tqggthe nitrogen
I\I-@lngtﬁh)sﬁwglg?fﬁxone doubl e ionqgccor ding to OQJa%FI}’EO%i;IOMSW
(S) configuration relative to the nitrogen atom 4.

N- et hyl nal t rexone doubl e ion according to any one of
Claims 1 to 3, in the formupf hydrat e chosen from

t he hem hydrate, dihydrate —C;nAcllﬁ?ri hydrate forns. 5.
(R) - N-net hyl nal t rexone doubl e ion, dihydrate. 6.
Process fqr pr ring the N-pethylnaltrexone double
ion conpo&hd&'ﬁ%gylaa FhatP ?wﬁw%ﬂﬁowﬁ?-he precedi ng
clainms, conprising the step that consists in reacting
N- net hyl nal trexone nethyl sulfate in aqueous sol ution
wi th an al kal i ne agent chQsen fromthe group
constituted by soqiwnat e, potassium carbonat e,
cal ci um carbonat g~ gnesi um car bonate, caesi um
carbonate, stromifum rbonate and m xtures thereof,
for a pH of t 9 reacti on nedium of between 7
and 10. 7/7Pra reparing N-nethylnaltrexone

br om de, | east the steps consisting in:
(i) reactihng X netf trexone nethyl sulfate in
agqueous~3ol ut i ®p*'W t h\an al kal i ne agent chosen from
the grotp constituted b sodi u%) carbonat e, potassium
carbonat e, cal ci um carbonate, gnesi um car bonate,
caesi uimarhytronsbehydratedotm.um car bonate and m xtures WO
2008/ 0349%3 19 PCT/ ER2007/ 001516. thereof . for .a.pH of
t he aqueoés @‘&%ﬁ%ﬂ rﬁ’éo@l‘euﬂogaebé%/\eaecﬁo@@n&o fga,"%ar?d of (R)
then in (ii)conéqurbtiorgreidtivrepo thebudtrogdrustombt ai ned wit h

hydr obrom,c @aci ich is  added for a pH qf e

o eous 1 BadRstydlrShng? dpBbigoten GosBild % GHim 1. of
order thus taoniidpirafion tehativblioretemyiirogart ateione br oni de.

8. Proces cording to Claime6 or 7, characteriz in
that | the: % REFR heens DubledeR pebtrafBih any s e Clans 1 to
consti t ut ed Hyn grdiowm ofar hyahateechossd fioal ehamiihydrate, dihydrate

carbonate, and.m xt %r s t hereof.
and trihydrate forms.

5. (R)-N-methylnaltrexone double ion, dihydrate.

6. 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 aqueous reaction
medium of between 7 and 10.

7. Process for preparing N-methylnaltrexone bromide, comprising at
least the steps consisting in:

(i} reacting N-methyinaltrexone 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




9. Process according to daim?7 or 8, in which
nmet hanol is added at the end of step (ii), the

;8@2239@8 ’gl}éjm is heated to ggt enperature @fcﬁpﬁ 001516

and the remaining insoluble matter is then
separated out by filtration, in order subsequently to
cool the filtrate, fromwhich the desired
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acet one/ wat er, m. xt ur h b refl .

separation b?/r tr%\yeﬁq ?? Fggi%én@g%}détg?ﬁégﬁ@ﬁﬂ%pﬁl{lﬁe% ERL” Is then

met hyl nal t r esepaeatbd ouf e filkratigh,do iondertsubsdmptently ta cealdhe filtrate,
in contact wth r cet ong, L f - [.€ ]

medi um t o a"*(%’ﬂﬁ"év tﬁ% 398! e‘ec{1 @W?C)tgﬁnélﬁgxo%e t;rgr%lcfe ce}%tblﬁﬂes.

N- met hyl nabi Pexese abtardingetd ang @recof [Clbiatsed tweiBngn which the

recovered by filtration. .. Process accaqrding,t.o.

one ot o ai asauin Bradle otfsined, of FF SO € Etea ater

met hyl nal t r efitpatnmey eykticy| drat & thenobitspiende lry a methanol/water

subj ecting O benzyl - N | nal trexone et hyl t "

to a hydr oge’ﬁﬁfqr%'ntlhgf 88’%&@%95%8%Eoﬁsc@gfﬁﬁrﬁae?owrﬁ forstep (i)

Clai m 12, innwhhich i heerRrivedzihe- Neavtbmyith hadriobeomaineacid at a

nmet hyl sulfate is obtained b eact | VO, 2008103

20 PCT/ FR2OGIMBEANE O Gabee PR réecﬁgnénﬂmﬁ%r%??}ék%ﬁif‘s"'“b'e

ﬁugf ate, in rga@éraaenen'heethedpoﬁaqmggawnBs@@rmsubsequently to

ydrogen carbopat the reactio I um bei .
refluxed f orcogpgﬁfe'?tf%?efﬁ?mtwﬁ}@ &8%&5@% rgS{F\glnaltrexone bromide

di sappear ancgysislitdse O benzyl nal t rexone conpound. 14.

O Benzyl - % r%ggsl.sngclzctorr n?l(é) Qc? a%to%l ofS (lﬂa];rr?st 9'to 10, in which the N-
methylnaltrexone bromide thus obtained is subjected to a
purification step by dissolution in an acetone/water mixture, heating
to reflux and then separation by hot filtration, precipitation of the N-
methylnaltrexone bromide by placing the hot filtrate in contact with
warm acetone, cooling of the reaction medium to a temperature
below 0°C, the N-methyinaltrexone bromide thus precipitated being
recovered by filtration.

12. Process according to any one of Claims 7 to 11, in which the N-
methylnaltrexone methyl sulfate is obtained by subjecting O-benzyl-
N-methylnaltrexone methy! sulfate to a hydrogenation step.

13. Process according to Claim 12, in which the O-benzyl-N-methyl-
naltrexone  methyl sulfate is  obtained by reacting




15. O Benzyl - N-net hyl nal trexone nethyl sulfate
according to Caim1l14, of (R configuration relative

t | n atom 16. O Beyzyl - N-net hyl n
mw%/@@!q g according to C'e,%qzm 14, of (S?b&fmswomsm

configuratlon relative to the mtrogen atom 17.
Process according to Claim113, in which the

O benzyl nal t r§gg Haﬁrexgp% aWﬂﬁd dﬁ%ethgna%hl@g nﬁl ta %Rge in the

hydrochl ori de, ase narl t rexon
brom de, i n @meoneof soﬂvwm@ypmsemeﬂ)ooatepﬁ'teaeectwmnmedfum being

car bonat e, ﬁﬂJxSSuf ﬁ? glgﬂggﬁtut%g ?drrb% Qaagliéac{i{%ég?%lance of the O-

reflux, and t or der seque
filter, and bhezydtm&meicsmam)rat ed fromthe

(11 rate o ey IR R SR BRI 1o, L or o
the naltr a&ﬁbBemwN_aueﬂhglnawrexome tethybasitate alctordingrte Claim 14,
i th br omomebhyP BTSRRI YR RN HEB am de.
in the pr etﬁe_m;emzfyl Ble‘deﬂhmhbmkmg}emedqﬂ boIMé @ccortling to Claim 14,
reaction rediym bel g Deat el L2 kSRR, O
17. Process according to Claim 13, in which the O-benzyinaltrexone is
obtained by reacting naltrexcne hydrochloride, or base nalirexone,
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 bromomethyleyclopropane, in
dimethylacetamide, in the presence of sodium hydrogen carbonate,
the reaction medium being heated to a temperature of between 60

and 75°C




