SYNTHESI S OF MORPHI NE- 6- GLUCURONI DE OR ONE OF THE DERI VATI VES THEREOF FI ELD
OF THE I NVENTI ON 5The present invention relates to a process for preparing
nmor phi ne- 6- gl ucuroni de (MG or a derivative thereof. DESCRI PTI ON OF THE

CONTEXT \@B FiHB/de¥yENTI ON Morphine is currently the analpgagigaddafossast
widely used in the treatment of 10 pain of npderate to strong intensity.

This opiof d | SYITPUESTS SrMORPHIE-c-aTBTCURCIMPIE OREONI be At e pai n.

Despite its high efficacy, the use of rphine 1s acconpani e y many
undesirabl e side effects, chd)%lat\éﬂ&leﬁScTHERﬁﬁ)Bl ds, such as respiratory
depressi on, nausea, vom ti ng, inhibition of intesti naI transit, dependence
and tolerance (Mnoru Nariata et al., Pharmacol, Et Ther. 2001, 89, 1-
1515). FIELD OFTHE IKVEMTIOMNt norphine undergoes substantial netabolism

| eadi ng especially to the formati on of norphine-6-glucuronide (MG. This
net aol i t e pelfed raesantpdvtanfion ntadateRetbraaimosesadoburepating t mohyrdneshi | i ¢

nat ure. élg?aggia%tq%@g{)rg%%h%@%e th%éoa{v' ty than that presented by norphine

via cent i on decrease in respiratory depression,
nausea and vomting (Paul et al., J, Pharmacol. Exp. The 1989, 251,

477- 483; et al Pharmacol The 1992, 262, 25-31 Pat ent
appl i cat@géwsgﬁﬁﬁﬁf%wmﬁgﬁ%T@%PN)VENE@Nn oral form foz treating

pain. M6G wa i Yopshi H.,;

Caur 25 ORRE R ARert) (R SRS O iRy Boed b RN a0

t he tiondusin iodimohabes (o m‘mg)rmmrw’gz T ehioldsisbassiliroabddtesdearti @seKrgr r
principle, .is ofHPoor eId urtherpore, the heavy netals present in trace

amount i IS REFAtYE aﬁl"‘ @Sait@f'f%th'g tfficampyvihe msgapf ymombnaiisver
salts ”%co%drﬁ@d’%k(‘?ﬁanf‘u%@&lfﬁe sile éﬁé‘ﬁ@eﬁg%r‘aqgerwg o\f'og%ttg Iau’t | %&%QSS' s of

a glycosyl donor 1n"ortho este ormin am
per chl orrespirgtasy moleporasionr apused, i vopatient mhﬂjlﬂlm‘at iobn iMBs 89416 44305t

However, ,thi s, met ho oar gl co | ati on,y of about 30%
Mor eoverdCRHKERT ﬁ@pﬁ&g@er%\}% éﬁ'”f’ﬁb&la\r/@taa %"l” (f?ifmélqoéréf }merh%@@ neous
nedigm wWh stirring, are difficult to inplement at the industri aI scal e.

Q her nethods for perform ng the O-glycosylation have been envisioned,
especi al | y vilk iackneati trati mqrhbinbon.llmdefgcms isubdtetraiabrmatabiilioar yeadifhgese

ety <eectly e Atriatbafohdt feRannp-GoudOisiel MeEhn Thisr reatoffan 100
PPM  andhdrdirat@NPesA; itE thd Bﬁ@ﬁ%n%e@ﬁnﬁ@ﬂ% K BbailBhdhe. ?t"ﬁjééséthr?derl evel .

Furt her nore, acti vation via a thi oari; I nt ernedi at e genera uses
t hi ophemaigw entigivdanchet arersnéeshbl ngomdiore viaamemwlaqmzotsltrammvmhe

contgxt pfd IBLEMRL A3t GBSrdadst il &le 155208 vomiting (Paul et al, J.
Pharmacol. Exp. The 1989, 251, 477-483; Frances et al., J. Pharmacol. Exp. The
1992, 262, 25-31). Patent application WO 95/05831 describes the use of M6G in
oral form for treating pain.

MBG was synthesized in 1968 by Yoshimurai et al. (Yoshimura, H.; Oguri,

25 K., Tsukamoto, H. Chem. Pharm. Bull. 1968, 16, 2114-2119). At the industrial
scale, this process, which is based on the Koenigs-Knorr principle, is of poor vield.
Furthermore, the heavy metals present in frace amount in the final product are
difficult to remove. Finally, the silver salts must be recycled. A process for
synthesizing MBG via the synthesis of a glycosyl donor in ortho ester form in the

30 presence of lufidinium perchlorate was moreover proposed in patent application
WO 99/64430. However, this method only gives a poor glycosylation yield, of

about 30%. Moreover, these methods, which involve a glycosylation in

REPLACEMENT SHEET (RULE 26)



There is thus still a need for a process for producing such derivatives at
the industrial scale, not only in a high yield but also with a m ni nrum of
technical 'constraints. The aimof the present invention is to propose a

process @ 201@eRooRg MG 15 or a deriyative thereof inh@rvhelchQf, | east
60% the glycosylation step of which is performed in honbgeneous mnedium

which is o] i i.Ch; A e ont.ent .rangi ng
Up 10 3000 o o TR i stinfg, P difARP R s pB el BT i 20c
Thi s ai ns¢aeachi eved via the process according to the invention, which 20
conprises the.conbi ned use of | ycosyl derivative with trihal oaceti m date
as donor of gP@E%swﬁtOé’& ﬁ}érﬁ‘?fg%rﬁ\}%% “&%@“&Wﬁ@ﬁiﬂlﬁfﬂﬁé hetei haen vanwisienedcept or
of gl ycosybhatigd ¢8rdcviaki el i i t:Q; ai r

st er eosel ngb:t i[vig,ty. akﬂl]@%lﬁ(yrﬁ\ﬁﬁptr oce;@%vﬁmngﬁgg%ﬁ? atg{ogr ; ;Eﬁ%%/% p%l%cgﬁi%?ﬁ%% a

ni ni rfum whidhndigsiuire alimptersentation s unasr npartimedar faumiitiorS Thiasnelac egidiyng t o
a first t. . the present invention i irected toward a process for
prepari n%ﬁtﬁ)g%oﬁ CONBYFat e & H@tgbfqorﬁ%ﬁpﬂ?sﬁeﬁé e J08d¥reor@ndtlewg i n:
react i ngteinsERSYNAdnEREECHRANE! Bshstaidtor AUl Be( | . QW) et

2010/ 0670073PCT/ FR2009/ 052445 | n' whi . BtiRe iadMiéliliervg\pli\?e':sugr?teémgre'

car bony| agih@lipn \vdReBwaN inkereredier ggnarsbntises tifopbengIClvh@A) alveans di yl |

Cc2-4 - - di.yl t (Cl- 5C4al k -diyl,
het er oty o ot EUBEa KRS H GoB R bk BlHEL Ghitermpaiedios dbine iadstria
Cl10)dr engealey!l , bi (C10- C16) ar ene- oxi de-di yl, or bi (G o-Cl6)arene-diyl,
S02R6802 in which R6 represents a group (G -C4)al kane-diyl, (C2-

C4) al kene- di ylheredp oy slilkg meedifor a metessoloCrrodycing steb dieyivatives at the

et or o G G GRS di 1B fica 04T i) B CRBL G b aipimym of technica
bi ( C10- Od®)sar=gmie-di yl, ,wth a glucuronic acid derivative corresponding to

fornula(ll),%)elow ) o
he aim of the present invention is to propose a process for preparing M6G

156 or a derivative thereof in a yield of at least 60%, the glycosylation step of which is
performed in homogeneous medium, which is tolerant to moisture, i.e. which
supports a water content ranging up to 3000 ppm, and which can be performed at
a temperature of about 20°C.

This aim is achieved via the process according to the invention, which

20 comprises the combined use of a glycosyl derivative with trihaloacetimidate as
donor of glycosylated derivatives and dimorphine derivatives as acceptor of
glycosylated derivatives, making it pessible to obtain very good stereoselectivity.

A process with a satisfactory yield that has a minimum of industrial
constraints has now been found.

25 Thus, according to a first aspect, the present invention is directed toward a
process for preparing M6G or a derivative thereof, comprising the steps consisting
in:

reacting a compound corresponding to formula (1) below:



PQ)---rosi bNai, X PG OPG (I11) 15in which: PG represents an acetyl,

i sobutyryl, benzoyl or pivaloyl group, X represents a trihal oacetim date
group, and Rti represents a group (Cl-C4)al kyl carboxylate, in the presence:
20- of a L4050l vent that is unsybstituted or su | ] ne or
nor e subg‘{c?tbgg@;{)gﬁ)gﬁosen fromthe groug formed by a ha%%t%ﬁﬁﬁgwsggﬁoup
(G -C4)alkyl and a group (()Qk;_%l) al kyl oxy, said solvent having a nelting
poi nt of l|ess than gf ~egtial to+ and - of trinethylsilyl
trifluoronethanesul eacting the product obtained in step

ou

v S

% AL

(i) with a stronggf gent, dnd (iii1) in recovering the product
obtained in step { A supgectrof the present invention is also
t he conpounds ing to fe axnll) bel ow

in which:
R1 represents a carbonyl group, CORsCO in which Rs represents a
group (C1-Cqlalkane-diyl, (Co-Ca)alkene-diyl, {Co-Cy)alkyne-diyl, hetero(C;-
5 Ca)alkane-diyl, heterocyclo(Cis-Ce)alkane-diyl, (Cs-Cia)arene-diyl, hetero(Cy-
Ciplarene-diyl,  bi{Cy-Cig)arene-oxide-diyl, or  bi(Cso-Cyglarene-diyl,
SOReS0, in which Rg represents a group (Cs-Cyalkane-diyl, (Co-
Cas)alkene-diyl, (Co-Cylalkyne-diyl, hetero(C+-Cy)alkane-diyl, heterocyclo(Cs-
Ce)alkane-diyl, (Cs-Cis)arene-diyl, hetero(C4-Cip)arene-diyl, bi(Cyp~
10 Cig)arene-oxide-diyl or bi(C1o-C1g)arene-diyl,

with a glucuronic acid derivative corresponding to formula (11) below:

R

4
0
PGO X
PGM’“
OPG
(1)
15 in which;

PG represents an acetyl, isobutyryl, benzoy! or pivaloyl group,
X represents a trihaloacetimidate group, and
R4 represents a group (C1-Cy)alkylcarboxylate,
in the presence:
20 - of an aromatic soivent that is unsubstituted or substituted with one
or more substituents chosen from the group formed by a halogen aiom, a
group (C1-Cslalkyl and a group (Ci-Ca)alkyloxy, said solvent having a
melting point of iess than or equal to - 20°C, and
- of trimethyisityl trifluoromethanesulfonate
25 (i) in reacting the product obtained in step (i) with a strong basic

agent, and then



in which: RL is as defined previously, R2 and R3
I ndependently represent a group PG as defined previously or a 10group
corresponding to formula (1V) below R4 0 PG PG OPG (1V) in which: R4 and

PG are aw@gé@ggﬂﬁ&evi ously, 15with tge provi so that %C+ﬁ%§g}0gfﬁ§%{z{50m
upj

anong R2 an represents a group of formula (I1V). of the

0 i whi che v 2000 STl BRI EER sEruRsaRE e, 0 o @ (1) betow

A subject of the present invention is also the compounds corresponding to
formula (Hl1) below

in which:
R+ is as defined previously,
Ro and Rs independently represent a group PG as defined previously or a

10 group corresponding to formula (IV) below:

Rd
0
PGO
PGM
OPG
(V)
in which:

R4 and PG are as defined previously,
15 with the proviso that at least one from among R, and R; represents a group
of formula (1V).

A subject of the present invention is also the compounds corresponding to
formula (1) below:

20 I
in which:



RI is as defined previously. DEFINITIONS 5In the context of the present
i nvention, the follow ng definitions apply: - agroup PG a -
protecting group that nmakes it possible, firstly, to protect a reactive

functi onwgczb.,@,ﬁsﬁwh}ydr oxyl or an am ng during a synt hﬁf’ﬁ'ﬁ@@%{??@@%&'dl Y,

to regenerate the 1 ntact reactive function at the end of

exanpl es of pgotect | nd of protection and deprotection nethods
are 10 gi venhl(?ﬁlS g%?%@%&%{ﬁ&&?@%ps in Organic Synthesis", Geene et al.,
2nd Edition (John Wley & Sons, Inc., New York), 1991; nention will be nade
in particular_of acetyl., isobutyryl, benzoyl and pival oyl groups; - a

hal ogen atom_éﬁﬂmg)&ﬁ atom a chlorine atom a brom ne atomor an iodine
atom 15- a group (G -C4)alkyl: a substituted or unsubstituted, |inear or
branched saturated aliphatic group containing from1l to 4 carbon atons;
exanpbes that iming dumitesndfition ecbdent Inveatior! thilfoli®vingdefipitiopy lapplysopr opyl ,
butyl, isobutyl, tert-butyl, etc. groups; a hydroxyl group: a group -OH
20- a group (D1ZEUAYEP IE’QZO{Q?O*%C%QF;S’UPJWEZ‘IB@?@ R3gsikla, ﬁ)ﬂﬁﬁ?éwﬁotn’f@’f%ﬁ@up
(C1- &4) i el eV ; C Y, , r.aup.C=0;

a group ?éoﬂﬁc\% g’l‘@?\ﬂ %Hé;ﬁjasgas&gg@tyﬁtoéd%gr ghﬁ@%b@%ﬁqﬁﬁéyﬁp%ﬁg’ara%

br anched seeordjiy,| icc ratjeraraint theaintectredciald fatiivo air thepend aftthngyrghégiom 1 to

L SR T e A
pr opgmne- ivdndhyprdeSiis %%‘@fgﬁi&ﬁgﬂf@é@"} Greene et aﬁdﬂg?}b‘?ﬁon (John

(C2-C4)al kene-diyl, a linear or branc nonounsat ur at €
pol yunsatiten &b atisv iteniNead Yprkat 129 groeptiorcwiit be made i pant2utzo o acatyon

atons, 3 ri.sing, far .exanple, one or two ethylenic unsaturations;
exanpl espﬁwﬁymbe%&r@ﬁ@i Y%ﬁﬁi%ﬁeﬁj%e et hene-diyl (-CH=CH),

1- propene- 1, 3= dahidgddBtdar-&tubrin€leformIbAHISHne afrf %Womine atom or an
(C2-C4)al kyne-diyl, a linear or branched, nonounsaturated or

pol yunsat ur at &§ling @@ent al i phatic group, containing from2 to 4 carbon

ato conpri si r l e, one ar t acetyl eni c unsat urati ons;

cxandt s that - nyOBUBHCEICOREE: ieheroa i hoR ERkYoRTBAERRSan A brénctied

1- pr opy neailir8tedi slibhati€fo g Bontaiify B®m 1 to 4 carbon atoms; examples that may
be mentioned include methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, etc.

groups;
- a hydroxyl group: a group -OH;
20 - a group (C4-Cy)alkyloxy: a group -O-(C+-Cylalkyl in which the group (C,-
Cajalkyl is as defined previously;
- a carbonyl group, a group C=0;
- a group (Cq-Cylalkane-diyl, a substituted or unsubstituted, linear,
branched or cyclic divalent saturated aliphatic group, containing from 1 to 4 carbon
25  atoms; examples that may be mentioned include methane-diyl (-CH,-), ethane-diy!
(-CH2-CHz~), propane-2,3-diyl (-CH(CH3)CH;-), propane-1,3-diyl (-CHp-CHa-CHy-)
etc. groups;

i

- a group (Cy-Cy)alkene-diyl, a linear or branched, monounsaturated or
polyunsaturated divalent aliphatic group, containing from 2 to 4 carbon atoms,
30  comprising, for example, one or two ethylenic unsaturations; examples that may
be mentioned include ethene-diyl (-CH=CH-), 1-propene-1,3-diyl (~CH»-CH=CH-),

etc. groups;

- a group (Cz-Cylalkyne-diyl, a linear or branched, monounsaturated or



5a group (C5-Cl4)arene-diyl, a substituted or unsubstituted divalent cyclic
aromati c group preferably containing between 5 and 14 carbon at ons;
exanpl es that nay be nentioned include the groups ( O ( - a group

het er o O iyl, a substitute unsubstituted al kane-

gr oup, ( é:é%) {lfégﬂgnggvg preferably co%t ai ni ng bet ween &Cyﬁﬁuﬂ‘)%@ls%

atoms, conprising one or more heteroatons, such as nitrogen, oxygen or

sul fur; yé&?éﬁﬂﬁ %teghg'tva% ag@nﬁ%fr‘ngf%%df?%tatn«\@@ SEHRr2 dxiticaehgn Apoap:

- agrou d
g I@ohﬁir%f Y&r‘ Qfé?ﬁp@bﬁle é)d?%yér;tglg%a%lm%tmé{bﬁera%?y con?]talt%

group cycl o( C3-Co) al kane-di yl ove, pre ai ni

bet ween ®@1memldﬂed ciachile athyms: dlleofrﬁ}:i&—) ) nena riepeapynerie3-igtl ef-0E BB~ )SuCh

as nitro Qoxygen or sul fur; exanples that may be mentioned include
Folips

oxi rane- ‘azi ridi nediyl, t hi rane- diyl and pyran-diyl groups; - a
groups het er o( CAa(rB)Lipr( @?%Q)#éne-@:ﬂ' H@L@)@httﬁé@ ot ©in3LOSRLIck GhaN F&gaifr ably
cont ai ni ng between 4 an carbon atonms and conprising one or

het er oat @ﬁ%maa@usrp%prmfesnab{ye@ont@w@ebetmn@amr14 c@xmmamv.. hat may be

menti oned i nclude the groups S (N)(,,,,c\ Si o

bi (G o- Cegpamdarethai yriay lze thentibead! irgriwdmtheogroupsi( bg Z rings, each
possi bly being i ndependently substituted or unsubs uted pr erably 25

containing from 10 to 16 carbon atons; nmention nay be made of the group WO

2010/ 067Q6H(P )/,FF\?W?

- a group hetero{C4-Cj)alkane-diyl, a substituted or unsubstituted alkane-
10 diyl group, as defined above, preferably containing between 1 and 4 carbon atoms,
comprising one or more heteroatoms, such as nitrogen, oxygen or sulfur; an
example that may be mentioned is the ether oxide-diyl group;
- a group heterocyclo(Cs-Celalkane-diyl, a substituted or unsubstituted
group cyclo(Cs-Ce)alkane-diyl, as defined above, preferably containing between 3
15 and 6 carbon atoms, comprising one or more heteroatoms, such as nitrogen,
oxygen or sulfur; examples that may be mentioned include oxirane-diyl, aziridine-
diyl, thirane-diyl and pyran-diyl groups;
- a group hetero(Cs-Cqp)arene-diyl, a divalent cyclic aromatic group
preferably containing between 4 and 10 carbon atoms and comprising one or more
20 heteroatoms, such as nitrogen, oxygen and sulfur; examples that may be

mentioned include the groups

AVARRA VIS O

- a group bi(Cy4-Cyg)arene-diyl, a divalent group comprising two aromatic
rings, each possibly being independently substituted or unsubstituted, preferably

25  containing from 10 to 16 carbon atoms; mention may be made of the group

(<))

a group bi(Co-Cog)arene-oxide-diyl, a divalent group comprising two

aromatic rings, each independently substituted or unsubstituted, containing from-



10 to 16 carbon atons; an exanple that may be nentioned is the group

- - agroup -(G-A)al kyl carboxyl ate, a group -00-0-(C -C4)al kyl, the group
(G -CA)al kyl being as defined above. 5The expression "strong basic agent”
denot es, i n known to those skilJled in the art, any basic agent

t hat fuII(9§§§@®8ﬁ§#és in neutral aquedus sol ution or tﬁgﬁﬁﬁﬁgmaw5? t a
hi gh degree of dissociatjon in neutral aqueous solution. The expression
"strong BAsi® HWyerArbonnatomsi 80l axamelfotba s b myentistede is pbeageoum
hydr oxi de, |i=hi um hydr oxi de and amoni um hydr oxi de. 10- The term "room

t enper at (r A erpe@@d ure ranging from 20 to 25C. DETAI LED
DESCRI PTI ON CF ENTI ON Conpound of forrmula (1) 15 in which:

R1 ts. X ' J eh.dB.heer ¢

(CL. G & kane: div CePCt e RodBRRie. b YR R 0 BB Rk, T oReth
het er o( C{@+Cy il eireg agdefidey Bpovet er ocycl o( C3- C6) al kane-diyl, o
R R R R o e R
(G - C4) akkigae-idlityd art| @Ay Ghsal W'tﬁbwu&(o@so%téé kY R8ualAqueous solution
hetero( G - (4) al kane-di yl, heterocycl o( C3- C6) al kane-di yl,

( C5- 014) &F hat-heps at lemst arvgicdegns) af dissodiation imnediral B1EauUsesalutionn dEhali y1

e made AP RAFLEarg) ogtecic AT ke SRRRPES R & B Balyer poRPRIS .y 1

i sopht hahgtiexide, lithium hydroxide and ammonium hydroxide.

or

10 - The term “room temperature” means a temperature ranging from 20 fo
25°C.

DETAILED DESCRIPTION OF THE INVENTION

Compound of formula (1)

15

in which:
R1 represents a carbonyl group, CORsCO in which Ry represents a group
(Cy-Calalkane-diyl, (Co-Cslalkene-diyl, (C2-Cs)alkyne-diyl, hetero(Cyq-Cyy)alkane-
20 diyl, heterocycio(Cs-Celatkane-diyl, (Cs-Cigarene-diyl, hetero(Cs-Cqolarene-divi
bi(C4o-Cie)arene-oxide-diyl or bi{Cqp-Crelarene-diyl, SORsS0, in which Ry
represents a group (Cy-Cylalkane-diyl, (C,o-Ca)alkene-diyi, (Co-Cylalkyne-diyl,
hetero(C+-Cy)alkane-diyl, heterocyclo(C3-Celalkane-diyl, (Cs-Cqa)arene-diyl,
hetero(C4-Csg)arene-diyl, bi(Cqo-Cqe)arene-oxide-diyl or bi(C1-Cag)arene-diyl.
25 Among the compounds of formula (1), mention may be made in particular of:
- dimorphin-3-yi terephthalate,
- dimorphin-3-yi isophthalate,



di nor phi n-3-y1 phthal ate, di norphin-3-ylfumarate, di nor phi n-3-y1

- benzene- 1, 2-di sul fonate, dinorphin-3-yl benzene-1, 3-di sul fonate, 5-

di nor phi n- 3-yl t hi ophene- 2, 5-di car boxyl at e,

di mor phi n- 3- vl napht hal ene- 2, 7- di car boxyl at e, di nor phi n-3-y1

4,4' - oxy&%ﬁ?ﬁéi”&gmﬂ? di mor phi n- 3- y1 i phenyl - 4, 4' - di 85?‘%«%&0&{05,24%d

di nor phi n-3-y1l carbonate. 10The conpound of fornula (I) as defined

previ ousl y may dBEOHEpand@htiedaiedi ng to various processes, especially by
Qup of norphine with a dicarboxylic acid and

esterificationgf ,gh%@,qgﬂ% &

removal of the wa y azeo’?ropi c distillation. It my al so be prepared

accordi ng to thiempmotess/ desgendaR-Arludvnatéd According to one particul ar
enbodi nent of the process of the present invention, it conprises, prior to
step (i), the"ﬂ@%&%g‘s‘j%ﬂﬁ@”‘?ﬁs3“€§é’{fp'ﬂ@tea conpound of formula RIC12 in

whi chs RL s as b iinessn fbpHshes bkismsphine 1n a two-phase medi um
conprising at least water, a sfrong basic Xgen‘t and an aromatic sol vent
that i s unsubstiirhotphih-Gryl sabsthdiened, Aichrboxglads, nore substituents 20

chosen fromthe,group for by a hal ogen atom a group (G -C4)al kyl and a
group (Cl-C4) éldﬁla?’r - §’élgedg§?3%’\t?gﬁ?oﬂﬁvi ng a nelting point of |ess than or

equal to - 20Cdirh@rpﬂ1'ﬂ'i~§~y@'b&?%ﬂﬂ[—%,éf‘-@i‘ica%&@iéthngn@ conpound of formula (1),

the norphine is preferably introduced In cess relative to the conpound of
formul a R1O 2; direprppdn-gxdnplizonatea nole ratio of 2.2 nol of norphine per 1

nol conpou R1Cl 2. The strong basic agent used may be sodi um hydroxi de.
Am)ngét he sol %ﬁt SOE‘WQP”HHS}*S%WU@'@d?'Sna% r?%?'BPSCBE%V'OAgﬂéW?HggeaBW\P@V ntion
may be madeotdn aft/aﬁé{heabrd&fesgéé,%é&%f&z&rw edtalitieion di e h&l rolengene,
1,3,5-trifluorobenzene and nesitylene. I’'or obenzene 1s 30advanttageously
used, asMarpbieendtht e dierbosyicutsidid zand oamwivat i Hemgeates. by azeotropic

Advant agequs onthe m xture of norphine and water is first prepared, and
the strong basic agent is added thereto in an anmobunt making it possible to

obtain a pH giteabgalddien pespapad akccbRiidkdio TR rBtddddesdrbestndibgd until a
honbgeneous sal ution
5 According to one particular embodiment of the process of the present
invention, it comprises, prior to step (i), the steps consisting in reacting a
compound of formula R4Cl, in which Ry is as defined previously, with morphine in
a two-phase medium comprising at least water, a strong basic agent and an
aromatic solvent that ts unsubstituted or substituted with one or more substituents
20 chosen from the group formed by a halogen atom, a group (C4-Cylalkyl and a
group (C+-Cyq)alkyloxy, said solvent having a melting point of less than or equal to -
20°C.
In this procedure for preparing a compound of formula (1), the morphine is
preferably infroduced in excess relative to the compound of formula RCly, for
25  example in a mole ratio of 2.2 mol of morphine per 1 mol of compound R4Cl,.
The strong basic agent used may be sodium hydroxide.
Among the solvents that may be used in the process as defined above
mention may be made in particular of chlorobenzene, toluene, 1,2-
dichlorobenzene, 1,3 5-triflucrobenzene and mesitylene. Chlorobenzene s
30  advantageously used, as it offers the best solubilization of the reagents.
Advantageously, the mixture of morphine and water is first prepared, and
the strong basic agent is added thereto in an amount making it possible to obtain a

pH greater than or equal to 10. The mixture is stirred until a homogeneous solution



i s obtained. The solvent and the conmpound of formula RLC 2 are added to
this uniformsolutioh, preferably slowy and with vigorous stirring so as
to enabl e the phase transfer. A subject of the present invention
is also nds corresponding to 5forrmula (I). These conpounds
are usef W‘Sf@?%gg[?%dl ates for synthes$izing MG or derPYaFRZA§9/0Re440f .
Compound . of formula I11) 1043 ucuronic acid derivative corresponding to
formul a (§ PPIHREGW o andhtis oPeperng ofrfodmiulh RiChP@er agddeddnt isan

acetyl, i VLY bt I Al Lar n a

trihal oagzl??'# d%%%%ﬁ?ﬂ%@%%‘g S@M\jepﬁ%g@ﬁt\g&gm&%o%tg%g% éssto enable the

(C, 1- Cylpakkyltcastzoxyl at e. Anmong the glucuronic acid derivatives of
formula (11), ,mention y be made in _particular of those having one or nore
of the foll omfhau%ﬁ%tr@JC%&W%?E%’:‘W?@UOTP@ dlepribgcprnapendscearyesppneing o X
repr e§entf§m%[ggg,up -OCNHCI 3 or a group -OCNPhCF3, and - R4 represents a

nmet hyl car boxyl ate group. According to one particul ar enbodi nent of
the process adbesdicmgnpoundre aravesfiloas infeengiates doi cyatiediziter iMGGI ve of

formula (Jl1.) is thyl. 2,3,4-tri-0 acetyl 25a- D- gl ucopyr anosyl uronat e
trichlor g&é&?%"fﬁsﬁ? of.

Compound of formula (i)

10 Glucuronic acid derivative corresponding to formula (I1) below:

Ry O
AN
OPG
()
in which:
15 PG represents an acetyl, isobutyryl, benzoyl or pivaloy! group,
X represents a trihaloacetimidate group, and
R4 represents a group (Cxi-Cyq)alkylcarboxylate.
Among the glucuronic acid derivatives of formula (I1), mention may be made
in particular of those having one or more of the following characteristics:
20 - PG represents an acetyl group,
- X represents a group ~-OCNHCI; or a group ~-OCNPhCF3, and
- R4 represents a methylcarboxylate group.
According to one particular embodiment of the process according to the
invention, the glucuronic acid derivative of formula (Il) is methyl 2,3 4-tri-O-acetyi-
25 a-D-glucopyranosyluronate trichloroacetimidate.
The compound of formula (ll) may be prepared according to various
processes that are well known to those skilled in the art.
For  example, methy! 2,3,4-tri-O-acetyl-a-D-glucopyranosyluronate
trichloroacetimidate may be synthesized according to the process described in

30 Scheme 1 below:



The conpound of fornula (I11) nmay be prepared according to various processes
that are well known to those skilled in the art.

Forexanpl e, net hyl 2, 3, 4-tri-O acetyl -a-D-gl ucogyranosyl lﬁronat e | bed
trichlor I, 1 may be synthesized according to the process describe
in 30 s::?fg“ﬁrgbl&hm 3’/\0 201)6/ 06700718PCT/ FR2009/ 05244%0'%8%%9@52%5

nmor phol i ne (I)§CO, Me C AcOOH Cl, CNACAOS43. ...t hOCNHCCI, AcO OAcK1CGs,

CH2Cl, OAc CHzgfkheme

OH
2 8 co,M co,M
o S0 NaOMe 28 Ac,0 208
- HO OH AR ACO%OAC
073 MeOH HO e 00
i OH e OH pyridine OAc
A
M co,m
morpholine <2 ) CCI,CN 2.0
—— A‘A%MMOH —_— = AT OCNHCCl,
CH,CL, OAc K,CO, CH,CI, OAc

Such synthetic processes are described especially in Chem. Pharm. Bull.

5 53 (6) 684-687 (2005) for 2,3,4-tri-O-acetyl-o-D-glucopyranosyluronate

trichloroacetimidate, in J. Chem. Soc. Perkin Trans. 1 1995 for the tri-O pivaloyl

derivative, and in Liebigs Ann. Chem. 1983, 570-574 for the tri-O-benzoate
derivative.

10 Parameters of step (i)

As indicated previously, in the process of the invention, in step (i), a
compound of formula (1) is reacted with a glucuronic acid derivative of formula (If)
in the presence of an aromatic solvent and trimethylsilyl trifluoromethanesulfonate.

Among the aromatic solvents as defined previously that may be used,

15 mention may be made in particular of chlorobenzene, toluene, 1,2-
dichlorobenzene, 1,3 5-trifluorobenzene and mesitylene. Chlorobenzene is in
particular advantageously used during step (i) and during the preparation of the
compound of formula (1) as indicated previously.

According to one particular embodiment. the mole ratio of said derivative of

20 formula (ll) to said compound of formuia (1) is between 2 and 5 and is in particular
4,

The reaction is performed in the presence of a weak Lewis acid,
trimethylsilyl triflucromethanesulfonate (TMSOTY).

The mole ratio of the TMSOTT to the compound of formula (1) is between 2.2

25 and 20 and is in particular 3.1.



Such synthetic processes are described especially in Chem Pharm Bull. 5
53 (6) 684-687 (2005) for 2,3,4-tri-0O acetyl -a-D gl ucopyranosyl uronate
trichloroacetimdate, in J. Chem Soc. Perkin Trans. 1 1995 for the tri 0
pi val oyl H‘gﬁrl v t| ve.. and in Liebigs Ann, Chem 1983, 570-574 for th

tri-O be '8819%at i ve. 10Parameter$!of st ep (i) PCT{E@%“HHW@&%‘%%I
previously, in the process of the invention, in stegﬂ% a conpound of
formula (1) i48Cremxited ﬁnﬁm%ﬁ@mawmﬂo&mat dhaelYISaxTi ve traifodtma@qnatwq 1) in
the pres 0 t. t;

(e pressngecol s, oy TR R s S T Bleocust aliarmup 00 i
previ ouslhe Eh&ha#m;solbenuﬁmk toﬁﬁermimnlmaﬁﬁw decwmede: addpirivatve ain @tier
chlorobenzen ol yene, 1, 2- dlﬂglorobenzene 1,3, 5- trlfluorobenzene and

mesi tyl eff2.S SBWRZBHEIPRS iGf g EPRRPHR é&fvfé’ﬁ’ﬁ‘é.'b?ewsla? ud¥ed "RIRINT st ep
(1) agd gutididid BRrPRARRAIRELOMA' th 84 8RBRUNMACHULAIIRE Acld high9atifidlypat ed
previously. According to one particular”enmpodi nent, the nole ratio
of said @éd@rvtatﬂar@rmthédﬁ@lymlsala(ibh) to sai d corrpound of formil a (1) is
betvveen2and5 nd.is in cu he reaction is perforned in
the presence 816 W‘f@&kﬁeaﬁﬁ@f rfPH:B?m/n gf i ICQW‘PW” P%’W@?M@Wq onat e
( TMSOTT ) formuta (11l) below;The nol e ratio of the TMSOIf to the compound of
formula (1) is between 2.2 25and 20 and is in particular 3.1.

According to one partigut8 P - , the TMSOTf is introduced in two
stages: a first porft
formula (1) in the
acid derivative,
formula (1),

b two nitrogens of the conpound of
M\ S then introduced after the

addi tion of the '¢ in order to performthe

0- gl ycosyl ati on. R 1§10 ep (i) leads to the formation of the
conpound cor r espondi ng t@@gﬁj@ula (111) below 10(111) in which: RL is as

defined previously,
10 (1)

in which:
R1is as defined previously,
Ry and Ry independently represent a group PG as defined previously or a

group corresponding to formula (IV) below:

Rd
4]
PGO
Pem/
15 OPG
(IV)
in which:

R4 and PG are as defined previously,
with the proviso that at least one from among R, and Rj represents a group
20 of formula (1V).

A subject of the present invention is also the compounds corresponding to
formula (I1l). These compounds are useful as intermediates for the synthesis of
M6G or derivatives thereof.

Preferably, R, and Ry both represent a group of formula (1V).

25 Among the compounds of formula (lll) that are subjects of the invention, a
first group of compounds has one or more of the following characteristics:

- R1 represents a terephthaloyl group,



R2 and R3 independently represent a group PG as defined previously or a

group corresponding to fornmula (I1V) below R4 0 PO PG -16\14 150PG (1V)

whi ch: R4 and PG are as defined previously,

t hat at
(1v).

I R2 d R3 t 200f fornmul a
B IBTAE "or Tha or econt T ibenton i al g PRITGAAIINAIAS

with the proviso

in

corresponding tqg formula (II11). These conpounds are useful as internediates
for the synt hesiideast WEEBM ANt fBd Reh@peeientpregmuapdfyformalady) R bot h

repr esentwﬁcigrl;@{% Qf n{e@ﬁm,g,4{"{&.&)&8@egﬁ%rﬁggbgﬁm%%ﬁﬂggﬁr&{at%gérggéa%rﬁI 1)

that are subjec

s of the invention, roup” o npoun

nmore of tH{eig ehlaoetyhgraalpar acteristics: - Rl represents a terephthal oyl
at | east one from arLDn R2 and R3 represents a group of

group,

formuila (1V) AMARS HHESRLRPaNds YR

onmay be made in particular of:

or

2,3, 4stri-O acet YB:@-B@eﬂ)ingFﬂt%-rfﬂyﬁlanoébm%%ﬂﬂﬂ € 95 aupyAnd, %}/%@E%@ﬁ%ﬁt y!

~group. Anong these conpounds, nention nay

e made i n partic

e e
pyr anosy! ur ona gﬁ%ﬁ&}@%ﬂéﬁg&Sgypé(ﬁ-@ggﬁ@-ﬁb[ﬁgytégqﬂy,rmﬁyjtg_og)ﬁﬁeﬁ%@F Féfﬁi[("ltgliélﬂ ate.

2,3, 4-tri-0Oac

10

15

20

25

30

terephthalate.

Parameters of step (ii)

As indicated previously, the product obtained in step (i), i.e. the compound
of formula (lll), is reacted with é strong basic agent.

According to one particular embodiment, prior to the addition of the strong
basic agent, the aromatic solvent is removed, according o methods known to
those skilled in the art, for example by extracting the organic phase, optionally
ending with evaporation under reduced pressure.

Generally, the compound of formula (lll} is then dissolved in an aqueous-
alcoholic mixture, for example in a methanol/water mixture, in a ratio ranging from
20/80 to 80/20, with stirring, until a uniform mixture is obtained.

This mixture is generally cooled to a temperature of less than or equal to
5°C.

The strong basic agent is then introduced into the mixture generally in an
amount allowing a pH of greater than or equal to 10 and in particular greater than
or equal to 12.5 to be obtained, preferably while maintaining the temperature at not
more than 5°C. |

According to one particular embodiment, the strong basic agent is sodium
hydroxide.

The mixture obtained may then be heated, for example to 20°C, for a time
that is sufficient to complete the reaction, for exampie for one hour.

When it is desired to obtain MG or a derivative thereof in base form, the
mixture, cooled beforehand, for example to a temperature of less than or equal to
S°C, is acidified so that it has a pH less than the pK, of the product to be



10Parameters of step (ii) As indicated previously, the product

obtained in step (i), i.e. the conpound of formula (Il11), is reacted with a
strong basi c agent. According to one particular enbodinent, prior to
t he addit he strong basic agent, the aromatic solvent is renoved,

f t
accordin ?) UﬁB{OﬁSW known to 15those $killed in the ar P?W%‘i’@@ﬁ@ﬁ@ﬁ@ by
extracting the organic phase, optionally ending with evaporation under
reduced &%@ﬁwﬁ@dg for ex%r@ﬁekamw,ﬂﬁhély msam@%@aiwn fro@ymilea p(elrﬂoqumeidls /irt hen
di ssol ved,d ﬁ:p(? ke Quxture, for exanple in a nethanol /water
mxture,qjidrﬁ?%@%a@?%&@g%ﬁhg (rP(‘léﬁrﬁ EQ(E'PljBO to 80/20, with stirring, until a
uni f or m ni xt urfdhel ixbixiead mtemedzmalpitsem@etm@a&ea,sm%]a@mtiéyo @ﬁb@%ﬂ@ti@ng{ _
tenmperatyre of |ess than or equal to 5C e strong basic agent is
then i nt RS SHTERTS '€ REMALE dhe rerlenalor P xAmRkR Tl AL AINARS oni g apH of
greater than or equal to 10 and in particular greater than or equal to 12.5
to be obtained, preferably while maintaining the tenperature at not 25 nore
t han 5C. Parametde i ofistee (@ifle parti cul ar enbodi ment, the strong basic

i di hyd ide.. . Th i xture obtained may then be heat ed,
agert s et YA Gteinge et T S0k P T oS Lomnit ngos, heat ed.
for exanpteaihed, anen heyde f(?rm{wi&nekéhmb%, @fﬁﬁﬂaﬁgnt@dgﬁbggbgrl}%ﬁgﬁgoﬁpg fhe

derivative thereof in base form the m xture, co

exanpl e tiliratetsdperaguire. of | ess than or equal to 5C, is acidified so that

it h H I h a of the product.to be .
5810?@6308713%?&%%8@?@5%4@%%‘? h"é’g?%%f&,d f'brp%ﬁfgﬁp\/\?%m’o oWiFs Ay 1 s
aci di fi caldrionmesy:ceerdey f@éﬁ%u'ﬁﬁcmfntmétﬁdarkM@ﬁﬂiH&e@kﬂre%p'tﬂé a6 g¢i d.
The mixture obtained may then be heated, for exanple to 20C, tor a tine
that is S@HGHaehy desalbnml where mpprepdateofoliofed dyaopt eorf onord0stEpsubES.

adsorption and desorption on ion-exchange resins and then optionally one or more

dissolution/evaporation/crystallization cycles.

15 In order to reduce the salt content for the purpose especially of removing
the residual sodium acetate and sodium terephthalate, the filtrate may, for
example, be resuspended in alcohol, in particular in methanol, under conditions
allowing the dissolution of the MBG or derivatives thereof, for example at 50°C for
3 hours, and the mixture obtained may then be filtered to remove the solid

20 particles and the residue obtained may be dried, for example by evaporation under
reduced pressure,

The purification may be continued using ion-exchange resins. According to
one particular embodiment, the residue obtained previously is resuspended in
demineralized water, and the suspension is then acidified to a pH of between 2

25 and 4 and in particular greater than or equal to 3, for example by adding sulfuric
acid, and is filtered, and the filtrate is placed in contact with a cationic resin under
conditions allowing the adsorption of the M6G or derivative thereof, for example
with stirring at 20°C for 30 minutes, and is then filtered. These operations are
repeated until the filtrate is depieted of M6G or the derivative thereof. The resins

30 are then desorbed with a basic solution, for example with agueous ammonia. The
basic solution obtained is acidified to a pH of between 5 and 7 and in particular 6,

and is then dried, for example by evaporation under reduced pressure.



5 Paraneters of step (iii) The product obtained after step (ii) may
- be recovered in the formas obtained, i.e. in crude form for exanple by
filtration and then concentration of the filtrate under vacuum

10Advant may be recovered ip purified form_whic

perfor mgﬁgggi@é?% t7t 0 any purificati off" met hod known td’?ﬂgggogr@%ﬁ%‘gﬁ in

the art, in pgrticul ar by desalting, where appropriate followed by one or

more steps of " AEd¥r m‘?dﬁgigh‘ﬁ BeSHHUBPRRFLD I | h S8Ke A EONalS MBixbKE, feren
optional | j [ apor.atign/ : I Z3ahi \ . 15In
or der toe?(gg]@gaeq}é hdgqgglhtg h?:@ﬁ%%trrltrﬁp(éﬁgt El}g a;d?géc:srghgi%?é!ﬁ@l ?9,88? t(rge%‘gﬁ’ng t he
resi dual hesttidunmdaretartditicarsdalbodhg ritst eta phisdalitidre, fot brampld aatefluxaier Foor

e, b ded in alcohol in particular | hanol , und
cond t 1 ofTHERoAg S RETHHREBEPLE TBHUT 1€ FRerhEepia SUOHhviar RsRIRdPEEE, 1 or

exanpbe ateBORoliRY, the NANLHsIABGpHBGAY %t BEecobt ai ned may then be filtered
to renove the_solid 20 particles and the residue obtai ned may be dried,
for exanpl e byhevepsies iasa satidedr Eduesampressuresinter funnhewashitlj dait i on

may be c L nued..usi ng 1L op-exchange, resi.ns. Accordi to on articul ar
enmbodi ms\%é1 5.'“{5 eg'r'tgsq}ﬁ%émggtaz\dn@aaq%r%{ﬁ%Jgrl §*qrgp e%%gg@%anﬁré)"@é’ﬁf HECal i zed
wat er, apddéheaugpension is then acidified to a pH of between 2 25 and 4
and in particular greater than or equal to 3, for exanple by adding

sul furic aci dfhamvgndionis ilustateding porlimiting magrenerdydhacxammes bataact wit h
a catsonic resin under conditions allow ng the adsorption of the MsG or
derivative thereof, for exanple with stirring at 20C for 30 mnutes, and is
then filteredEXAMMBEEGperations are repeated until the filtrate is depleted
of M6G or the derivative thereof, The resins 30 are then desorbed with a
basi c solution, for exanple wth aqueous anmoni a. The basic sol ution
obtained is ag'&,ﬁm‘gﬁg to a pH of between 5 and 7 and in particular 6, and
is then dried, "tor exanple by evaporation under reduced pressure.

Finally, thisScheingue idesceisess gradeghthasianchgheoinseraleeidtel cormpothdsees f or
exanple in _a nethanql ter mxture, in a ratio ranging from20/80 to

80/ 207 h@%&a%hgépgégﬁn@i%?@ogMWﬂé dervativisathesgefsol ution, for exanple
at reflux for 3, ALt : e‘ﬂ’lésﬁh [ d
slowy, for e&ﬁ%ﬁ%ﬁg Oze,glg:e%(%ﬁﬁ'go urg',%et e ?r%%%&%@%@ﬁ%@ﬁéf%%f at
35C. prepetatior yist adts deseribeshl atee donfroeradaiymalailabie aors idateribédinnethe

washed, for exanple wth t hanol nd finally dried, for exanple by
heat i ng aﬂté(ﬁagg'f SThgnandd REReG aw@!fr}g, AtgHhods ﬁ]aqt Aer deseribed a

nonl i m t ifgeBsiAat M6 kitRviekARE SkIRLAWhd GriEXAMPLES Synt hesi s
20



Schene 2 deseribes the synthesis of the internediate conpounds of
15formulae (1) and (1l11) and al so of MsG and derivatives thereof. I n
Schenme 2, the starting conpounds and the reagents, when their node of
preparation is not described, are comercially available or described in
the |iterd¥PA008/0% se nmay be preparedfaccording to nePRIGRINNG052645
described therein or that are known to those skilled in the art. 20 WO
2010/ 067007 15BCHERRB09/ 052445 Schene 2 gl ycosyl ation PGOx R4 0 PGO OPG
TVMBSOTf, PhCl 25C

R,Cl,

NaOH
PhCI/H,0, 25°C

glycosylation
R

4
PGO Q.
PGO

orPG

TMSOTTE, PhCi
25°C

deprotection

NaOH

MeOH/H,0
5°C

Hil

The examples that follow describe the preparation of certain compounds in
5 accordance with the invention. These examples are not limiting, and serve merely

to illustrate the present invention.



11l The exanpl es that follow describe the preparation of
- certain conpounds in 5 accordance with the invention. These exanples are
not limting, and serve nerely to illustrate the present invention. WO

2010/ 067 PCT/ 009/ 052445 Preparatjon of conpounds _of formula (I
Exanpl e %%é%f@l;ﬁﬁﬁf 3-vi terephthal até® 5 Ter ephPﬁyF&Am}@WS%‘?%e

(12.0 g, 0.059; ?dded tionw se over 2.5 hours to a solution of
nor phi ne nonokE : dpohiarmyia (B 66N sodi um hydr oxi de (300 ni,

0.198 nol) an@ op : h(i-QSQI pgam tenperature. The reaction
medium 1S st FPaRer D et oo T e i ti o 10 The
precipitate formed is filtered off and reslurried in a chl orobenzene/0.66 N

sodi um hydroxi de m xture (300 nL/300 i) _and then washed with water (3 X
250 nL) to obtain the di norpH eyephthalate in the formof white

crystals (38.2 g, 92% ~ ZDCN3) 6 8.30 (s, 4H,
CHterephtal ate), £./8 Y2H) 30" Hz, 9% 676 d, 2H, J 8.0 Hz, H2),
f 2H, H7), 4.95 -? Hz, H5), 4.20 (m

, 3.10 (m 2H, H-Oa.74 (m 2H H14),

5.83 (m 2H, H 8N
2H, H6), 3.40 (m 3
2.67-2.61 (m 2H H #9247 (s, 6H, NCHB), “4 .31 (m 4H, H 10b,
H 16b), 2.13-2.05 ( , H15a), 1.96-1.92 (m\2H H 15b). 20
13C NMR (75 MHz, CDC 6 163.3 (0=0), 148.8 (Gipso), 134.3 (0-8), 130.5
(CH-terephtal ate), 129. PH 128.6 (G ipso), 127.8 (C7), 126.4 (Cipso),
121.1.(C 1), 120.0 (G2), 92.5 (C-5), 65.9 (CG6), 58.9 (0-9), 46.4 (C16),
43.1 {NC/-13), 42.7 (CG13), 40.5 (C14) 35.3 (C-15), 20.9 (C10). 25 High
Resol uti on MagwréfithatoyCaherbat@d.d gr 0GARIMAMIA08 ddddd péttiorMige DvdPd 5471 -
Found: niz = 351. 1467

hours to a solution of morphine monohydrate (40.0 g, 0.132 mol) in 0.66N sodium

hydroxide (300 mL, 0.198 mol) and chlorobenzene (300 mL), at room temperature.

The reaction medium is stirred for 15 minutes after the end of the addition.

10 The precipitate formed is filtered off and reslurried in a chlorobenzene/0.66
N sodium hydroxide mixture (300 mL/300 mL) and then washed with water (3 x
250 mL} to obtain the dimorphin-3-yl terephthalate in the form of white crystais
(38.2 g, 82%).

15 "H NMR (300 MHz, CDCls) & 8.30 (s, 4M, CH-terephtalate), 6.87 (d, 2H, J
8.0 Hz, H-1), 6.67 (d, 2H, J 8.0 Hz, H-2), 5.83 (m, 2H, H-8), 5.32 (m, 2H, H-7),
4.95 (d, 2H, J 6.0 Hz, H-5), 4.20 (m, 2H, H-6), 3.40 (m, 2H, H-9), 3.10 (m, 2H, H-
10a), 2.74 (m, 2H, H-14), 2.67-2.61 (m, 2H, H-16a), 2.47 (s, 8H, NCH3), 2.42-2.31
(m, 4H, H-10b, H-16Db), 2.13-2.05 (m, 2H, H-15a), 1.96-1.92 (m, 2H, H-15b).

20
*C NMR (75 MHz, CDCl3) & 163.3 (C=0), 148.8 (C-ipso), 134.3 (C-8),
130.5 (CH-terephtalate), 129.7, 128.6 (C-ipso), 127.8 (C-7), 126.4 (C-ipso), 121.1
(C-1), 120.0 (C-2), 92.5 (C-5), 65.9 (C-8), 58.9 (C-9), 46.4 (C-16), 43.1 (NCH,),
42.7 (C-13), 40.5 (C~14) 35.3 (C-15), 20.9 (C-10).
25

High Resolution Mass (ES)
- Calculated for CaMaaNyOg [M+HL2" miz = 351.1471
- Found: m/z = 351.1467



The conpounds of Exanples 2 to 11 bel ow were prepared in the sane manner.
- bExanpl e 2- Di m)rphi n-3-yl isophthalate OHOH 5° 1H NWR (300 MHz, CDCl 3) 6
9.00 (t, 1H J 1. HzH-2)844(dd J 1.5 Hz, 10 J8.0 Hz, H & H-6)

7.66 (t, ), 6.87(d, 2H, J8.0 Hz, H 1), 6.67 (d, 2H,

Hz, H2) V{?g@égf"%{f H, H—8) 5.32 (m- 2H, H7), 4 95 (dPCIERZPORIGE2 4&5
H5), 4.20 (m 2H H6), 3.40 (m 2H, H9), 3.09 (m 2H H10a), 2.72 (m
2H, Hl4), 2.66-2.60 (m 2H, H16a), 2.47 (s, 6H NCO/-/3), 2.43-2.30 (m 4H,

(cher cal + oni % Fampotifgh B Sambled ko, 4 FRicy Horkbrebbred il il 3ahid"e5,
8.0 Hz, Hnapners.74 (m 2H, H8), 5.29 (m 2H, H7), 4.81 (d 2H J 6.5 He,
H5), 4.15 (m 2H H6), 3.37 (m 2H H9), 3.06 (m 2H H10a), 2.70 (m
2H, H14), 2.61-2.56 (m 2H H 16a), 2.44 (s, 6H, NCO-13), 2.42-2.27 (m

4H, Hs10b, H%mg%ﬂ%@n@%ﬂﬂw :;’_El ,%ﬁ&mé 80 (m 2H, H 15b). 5Mass
(chem cal ioni"zation - Di norphin-3-yl funmarate

6H 1H NVR (300 MHz, CDCl 3) 6723(3 2H, CHC00), 6.81 (d, 2H, J 8.0 Hz,

"H NMR (300 MHz, CDCl3) £ 9.00 (1, 1H, J 1.5 Hz, H-2"), 8.44 (dd, J 1.5 Hz,
10 J 8.0 Hz, H-4', H-6"), 7.66 (t, 1H, J 8.0 Hz, H-5'), 6.87 (d, 2H, J 8.0 Hz, H-1), 6.67
(d, 2H, J 8.0 Hz, H-2), 5.83 (m, 2H, H-8), 5.32 (m, 2H, H-7), 4.95 (d, 2H, J 6.0 Hz,
H-5), 4.20 (m, 2H, H-8), 3.40 (m, 2H, H-9), 3.09 (m, 2H, H-10a), 2.72 (m, 2H, H-
14), 2.66-2.60 (m, 2H, H-16a), 2.47 (s, 6H, NCH3), 2.43-2.30 (m, 44, H-10b, H-
16b), 2.15-2.04 (m, 2H, H-15a), 1.95-1.91 (m, 2H, H-15b).
15 Mass (chemical ionization): [M+H]"=701.6

Example 3- Dimorphin-3-yl phthalate

20
"H NMR (300 MHz, CDCly) & 7.97 (dd, 2H, J 3.5Hz, J 6.0 Hz, H-3', H-6"),
7.67 (dd, J 3.5 Hz, J 6.0 Hz, H-4', H-5"), 6.87 (d, 2H, J 8.0 Hz, H-1), 6.59 (d, 2H, J



10 H1), 6.64 (d, 2H, J 8.0 Hz, H2), 5.78 (m 2H, H8), 5.30 (m 2H, H7),
4.95 (d, 2H, J6.0 Hz, H5), 4.19 (m 2H, H6), 3.42 (m 2H H9), 3.08 (m
2H, H10a), 2.74(m 211, 1-14), 2.69-2.63 (m 2H H 16a), 2.47 (s, 6H,
NCH3), 2.42-2.30 (m_4H, H 10b, H 16b), 2.16-2.06 (m 2H, H15a), 1.92 (m
oH, H 158Y0 Z%QIQG{QQYem cal ionization)i8[ Mt = 651.6 15PEXERA0E0H52445

D nmor phi n-3-y1 benzene- 1, 2-di sul fonate 1H NVR (300 WHz, CDCI3) 6
8. 24 (dd8-@Hz 18)5514, (ra, BHOHE), FRB(m, k' h-7)7487 (HEH.IJ B.5 Hig, Hb)6. 0

e ot ot Tl AR S, BBl o R, Bl o2 3 8 2

2H, H 6) 265‘1-3536((711 2H H#8), 284ms(m+ RICHYE 20802 27. 68, 4M) HZIrbbFHh@
52. 60- 2. 54 m 6H, NCHB), 2.40-2.22 (m 4H H1

S,
H 16b), 2 50@(%’* |21-’|)5am‘1§9)(m PHzH-15b2 (m 2H, H 15b). Mass (chem cal
i oni zation): Exanp BL in-3-yl
benze%e 1, 3-disu f%ﬁg’ﬂé’ig 1 eﬂ\/@”H =7t H NI\/R (300 Mz, CDCI3) 6 8.24
(m 3H H2, H4, H6), 7.78 (t, 1H J 8.5 Hz, H5), 6.51 (m 4H H 1,
H2), 5.66 (m.2H H8). 527.(m 2H H7), 4.85 (d, 15 2H, J6.5 Hz, H-5).
4.15 (m 2+, Bx@mple &Dimorphing-yhfumargem 24 H 10a), 2.65 (m 2H,
H 14), 2.61-2.55 (m 2%9 H16a), 2.42 (s, 6H, NO-13), 2.35-2.24 (m 4H,

H 10b, H 16b), 2.09-1 (m 2H, H15a), 1.79-1.75 (m 2H, H 15b). Mass
(chem cal ionization): [NWH|1=773.6 20Exanple 7- D norphin-3-yl
t hi ophene- 2, 5-di cagh

HO”

"H NMR (300 MHz, CDCl3) & 7.23 (s, 2H, CHCOO), 6.81 (d, 2H, J 8.0 Hz,
10 H-1), 6.64 (d, 2H, J 8.0 Hz, H-2), 5.78 (m, 2H, H-8), 5.30 (m, 2H, H-7), 4.95 (d, 2H.
J 6.0 Hz, H-5), 4.19 (m, 2H, H-6), 3.42 (m, 2H, H-9), 3.08 (m, 2H, H-10a), 2.74 (m
2H, H-14), 2.69-2.63 (m, 2H, H-16a), 2.47 (s, 6H, NCHs), 2.42-2.30 (m, 4H. H-10b
H-16Db), 2.16-2.06 (m, 2H, H-15a), 1.92 (m, 2H, H-15b).
Mass (chemical ionization): [M+H]'= 651.6

3

15

Example 5- Dimorphin-3-yl benzene-1,2-disulfonate




1H NWMR (300 MHz, CDCI3) 6 7.95 (s, 2H, CHthiophene), 6.86 (d, 1H, J 8.0
~Hz, H1), 6.66 (d, 2H, J 8.0 Hz, H2), 5.79 (m 2H, H8), 5.30 (m 2H,
H7), 4.95 (d, 2H, J 6.5 Hz, H5), 4.18 (m 2H, H6), 3.40 (m 2H, H?9),

3. 09 . H 2.75 OH, H-14), 2.68-2.62 H 16a). 2.41 (s,
6H, N(C/m- |V§¢,2°é°’bg?@73o (m(TH H- 510b)19H- 16b), 2. 1E1m2 §ﬂﬁ%qq%?qi21%%) (s
1.95-1. 90 Ma | t r= 708. 6 Exanpl
5 0 mror ot e SOV AR MR Sk afaky Pkt o 48 Vi, J ¥z, T3 G N@Ep )
300 Mz, 3 2

(2H M 7@9@)@5&@ {jés?ozH%Hd A 5&%?9}1@ S ]8@?’% 4)?#?91 %@,8 oy
HL), 6.68.5dz, 211=H2 JSSQO(IHZZHI-H-B& 5284n( rﬁHZH—Y)l—M&l (&, zm (Jn@ 52Hg, H-5) ,

(m ok AT, Bt sl 2ed 0 ool Shln-afel e 485 3I5P1), "6,

NCH3) 5 2.24d0-2. 52 rhmzH4h# 1@3}%41*&31% N@H})4224(Q§(29 gﬁHzLHHﬁ-E:@b HM@@ 1.90
(m 2H, H15b). ss (chem cal ionization) 20Exanpl e -

Di nor phi @-85y10(m; 2idxyibErgoat’é-1.72 (m, 2H, H- 15N}\/R (300 MHz, CDCI3) 6 8 16
(d, 4H, J 8.5 2' . H- 7.1 _ 8.5 Hz, H3, H5), 6.87 (d,
SH J 8.5 Hz, “@%&%%@’(‘%ﬂ@@“hﬁ\é‘(% 4#/'55162 5.82 (m 2H H-8), 5.31
(m 2H H7), 4.95 (d, 2H, J 6.5 Hz, H5), 420(m 2H, H6), 3.40 (m 2H,
H9), 3.10 (m_2H H10a), 2.73 66-2.61 (m 2H H 516a),

14
2.42 (s, 6H, Nsampleb-Amonthipm- %ben;ene}agamm%te 18-2.10 (m 2H, H
15a),101 95-1.90 (m 2H, H 15b). Mass (chem cal ionization): [MtH = 793.5

"H NMR (300 MHz, CDCl) 8 8.24 (m, 3H, H-2', H-4", H-6'), 7.78 (t, 1H, J 8.5
Hz, H-5)), 6.51 (m, 4H, H-1, H-2), 5.66 (m, 2H, H-8), 5.27 (m, 2H, H-7), 4.85 (d,
15 2H, J 6.5 Hz, H-5), 4.15 (m, 2H, H-6), 3.34 (m, 2H, H-9), 3.03 (m, 2H, H-10a), 2.65
(m, 2H, H-14), 2.61-2.55 (m, 2H, H-16a), 2.42 (s, 6H, NCH), 2.35-2.24 (m, 4R, H-
10b, H-16b}, 2.09-1.99 (m, 2H, H-15a), 1.79-1.75 (m, 2H, H-15b).
Mass (chemical ionization); [M+H]'=773.6

20 Exampie 7- Dimorphin-3-y! thiophene-2,5-dicarboxylate




Exanpl e 10- Di norphin-3-y1l bi phenyl -4, 4" -di carboxyl ate 10 1H
. NMR (300 MHz, CDCI3) 6 8.25 (d, 4H, J 8.0 Hz, H2, H6'), 7.79 (d, 4H, J
8.0 Hz, H3 H-5)690(d 2H, J 8.0 Hz, H1), 6.68 (d, 2HJ80Hz
H2), 5.84 15#5 oH H-8), 5.32 (m 2H, H7), 495 (d, 2H J 6. H5)
4.22 (m ¥} n}" 07 41 (m 2H H9), %011 (m 2H, I—l—lOﬁ?T/Fﬁzﬂﬂgl@ﬁ?Miﬁ-l
H14), 2.68-2,63 (m 2H H16a), 2.43 (s, 6H NC/-/3), 2.42-2.32 (m 4H,

H 10b, H 16b), HNNMR B001MHz CEGIH 7530 (s, 2HDECH-thiophane 2@,864(dA.58Y.. J Ridss

(e, o SDIEHARM AN 15, B00TATRL ) 5 TR B T 3072 g dibonat

66. 88 (d2HRH, 6.3 Hz,04-81,4.18 Iin, 261, 586§ CB4(2H1’1 QHSWQJ'R&O@"(@ 2HOHIQ04 YR 75
2H, H 8), 4,15 (m 2H H6),

3.36 (m (%%wﬁlfé—j @_g-?(?f%ﬁ’ (rQI'QHHf_'I‘b%% 22”6@ @m WS’ &%‘23@ 8. %6}6 A
2 5o, Bfehy 2y AHostiHBk (2480 5%%?1(?@3@%%% " 16b), 2.10-2.04

[ MFH] = 597. 5 GlassoskbaticamniZBalf [M27) plz08® 15 mol ) is added to a
solution of dinorphin-3-yl 10 terephthalate (50 ng, 0.071 mmol) in

chl orobenzene (4 nL) at roomtenperature. The reaction mxture is stirred
for 3 m nut es ahbiRUED oM

tri-O acetyl -a-m»-g ' oac T 0 (171 ny, 0.36
mrol ) and then TVsOTf (13 pL, 0.071 mml) The reaction nmediumis stirred
for 30 mnutes at roomtenperatyre. 15NaHCO8 (100 ng) is added, followed by
CH2A 2 (5 nL) and water (5 n) gani c phase is separated out and
dried over Na2SO4.

10

"H NMR (300 MHz, CDC!3) & 8.83 (s, 2H, H-1', H-8"), 8.27 (dd, J 1.5 Hz, J
8.5 Hz, 2H, H-3', H-6), 8.08 (d, 2H, J 8.5 Hz, H-4’, H-5'}, 6.92 (d, 1H, J 8.0 Hz, H-
1), 6.69 (d, 2H, J 8.0 Hz, H-2), 5.84 (m, 2H, H-8), 5.34 (m, 2H, H-7), 4.95 (d, 2H, J
15 6.5 Hz, H-5), 4.20 (m, 2H, H-6), 3.40 (m, 2H, H-9), 3.11 (m, 2H, H-10a), 2.74 (m
2H, H-14), 2.68-2.61 (m, 2H, H-16a), 2.47 (s, 6H, NCH3), 2.44-2.32 (m, 4H, H-10b,
H-16b), 2.14-2.05 (m, 2H, H-15a), 1.96-1.90 (m, 2H, H-15b). '
Mass (chemical ionization): [M+H]'=751.8

20 Exampie 9 - Dimorphin-3-y! 4.4’ -oxybenzoate




The solvent is renoved under reduced pressure. A mxture of three products:
- bi s[ 6-0-acetyl norphin-3-yl] terephthal ate, 6-0-acetyl norphin-3-yl 6-0-
(methyl 2,3,4-tri-0O acetyl -6-D gl ucopyranosyl ur onat e) nor phi n-3-y1

terephth nd..bi s[ 6- 0- (et hyl
2,3,4-tri ‘%253@/85 [AL:A D gl ucopyr anosyl u%l)nat e) nor phi n- 3- WT"FIF@OQBWH%%W in
7/ 30/ 63 proportions is obta ification by reverse-phase

preparative chitd¥dRo @Oé)pW]‘Z( @@@3)@82@' @b "(‘"sz&@ 'T%'!F*%%/’C&%bl\? E}ﬁé@i @ﬁt)
all ows theg Ehneqspeqi ats?r Bg 1304 %eﬂz ?4553%%&1,%, J 8.5 Hz, H-2), 5.82

Bi s[ 6- 0- acetyl norp hln- - repht alate
2010/ 067(0@1?223PGTJ8§R5CH]9(@52H454 7) 4.95 (d, 2H, J 88 NMR&-I(BD@;.M—Izr,n,GBCI B)6)6 8. 30

2, 1 TR ol b B b i 0 el Ty

3.43 gm 1%'3} ﬂz*z@)(s éHl(N(ﬁF@ %HLO 2*3190(%% 4@ ﬁlmthEl*db%Fﬂ‘})s -2 2066, (Op, 44,

H- 16a) , 16b), B 2A4-1. 9i
(m 10H, 1@6!36’09&43(5101 oH, H 1513) 130 NVR (75 Mz, CDOI3) 6 170.4, 163.2
(C=0), 149.5, ,133. 132 pso) 130. 3 (CHterephtal ate),
129.2 (C-7), %%ﬁt‘wa' g rﬁdﬂl% o 2). 88.7 (0-5), 68.0 (0-6),

58.9 (0-9), 46.5 (0-16), 42.8 (NC -13), 42.7 10(0-13), 40.3 (CG14) 35.0
(0-15), 20.8 (0O- 10) 20 6 (CHSCI)). H gh Resolution Mass (ES) Cal cul ated
for CAB6HA6N20 EX Mg Dimpypking®y! bafenHdhdddigarbexgate 1560 15
n*ﬁbe 13- 6-0- Acetyl rmrphl n-3-vl 6-0- (et hyl
tri-O acetyl 4- Dol ucopyr anosyl uronat e) nor phi n-3-v1l terephthal ate

'H NMR (300 MHz, CDCl3) 8 8.25 (d, 4H, J 8.0 Hz, H-2’, H-6'), 7.79 (d, 4H,
J 8.0 Hz, H-3', H-5'), .90 (d, 2H, J 8.0 Hz, H-1), 6.68 (d, 2H, J 8.0 Hz, H-2), 5.84
15 (m, 2H, H-8), 5.32 {(m, 2H, H-7), 4.95 (d, 2H, J 6.5 Hz, H-5), 4.22 (m, 2H, H-6),
3.41 (m, 2H, H-9), 3.11 (m, 2H, H-10a), 2.74 (m, 2H, H-14), 2.68-2.63 (m, 2H, H-
16a), 2.43 (s, 6H, NCH3), 2.42-2.32 (m, 4H, H-10b, H-16Db), 2.17-2.11 (m, 2H, H-
15a), 1.95-1.80 (m, 2H, H-15b).
Mass (chemical ionization): [M+H]"= 777.5
20

Exampie 11- Dimorphin-3-yl carbonate




20H NWVR (300 MHz, CDCI3) 6 8.31 (m 4H, CHterephtalate), 6.89 (m 2H,

‘1, H1),

H

6.65 (m 2H, H2, H2 ), 577 (m 1H, H8 ), 568 (m 1H HB),

5.46 (m 1H, H7), 5.33 (m 1H H7'), 5198gm(d2H1HH-§7|;-ﬁz) H-511§3(T31
H H2", H5 H5), 4
M@?ﬂ'ﬁf’iﬂ%@g(m 1H, H—ng 3.72 (s, 3H jFR%ﬁQ’PéﬂWSzH

1H, H6),

(m 1H,

H9 H9)

H 10 H 10 252. 85-2. 65 4H, H 14, H 14’
o Toa | b Loa ) H MRS (50 it Chaels) SR (dr s B.0 HapH-T)

6.59 (d, 2H, J 8.0

(i e SEAETLATROISAS B B ML R B e ) o

170. 4, 172H1H-G693.36 (162H),H-2,73.3,1 (163218, H163: 32589 (m 2H, H-14), 2.68-2.60

P iée?ﬁaﬁ%é?%téﬂ(@%%?éﬁzz%?#“ h%iaﬁb)l%é@z?oizz 0

(C=0), 15
129. 0

605 53 (nJr QM }Ji-'h%a@w!@l o (% 2H, H-$58). 99.3 (0- 1 ), 89.8, 88.7 (G5

(0-1

10

15

20

25

Mass (Chemical ionization): [M+H['= 507.5

Glycosylation
TMSOTF (27 uL, 0.15 mmol) is added to a solution of dimorphin-3-yi

terephthalate (50 mg, 0.071 mmol) in chlorobenzene (4 mL) at room temperature.

The reaction mixture is stirred for 3 minutes, followed by addition of methyl 2,3 4-
tri-O-acetyl-o-D-glucopyranosyluronate trichloroacetimidate (171 mg, 0.36 mmol)
and then TMSOTT (13 uL, 0.071 mmol).

The reaction medium is stirred for 30 minutes at room temperature.

NaHCO; (100 mg) is added, followed by CH,Cl, (5 mL) and water (5 mL).
The organic phase is separated out and dried over Na,SO..

The solvent is removed under reduced pressure. A mixture of three
products: bis[6-O-acetylmorphin-3-yl} terephthalate, 6-O-acetyimorphin-3-yl 6-0-
(methyl  2,3,4-tri-O-acetyl-B-D-glucopyranosyluronate)morphin-3-yl  terephthalate
and bis[6-O-(methyl 2,3 ,4-tri-O-acetyl-3-D-glucopyranosyluronate)morphin-3-yi]
terephthalate in 7/30/63 proportions is obtained.

Purification by reverse-phase preparative chromatography (95/5 to 20/80
(H20+0.1%TFAYCH;CN gradient) allows the three species to be isolated.

Example 12- Bis[6-0O-acetyimorphin-3-yl} terephthalate




72.7 (0-5"), 71.8 (0-3" or G-4"), 71.0 (0-2"), 69.4 (0-3" or 0-4"), 67.
(C-6), 59.0, 58.8 (C-9, 0-9'), 46.6, 46.3 (0-16, 0-16'), 42.8 (NC/-13),
40.6, 40.2 (0-14, 0-14') 35.2, 10 34.9 (0-15, 0-15'), 21.2, 21.0, 20.7,

HIRE TR I ) L
'H NMR (300 MHz, CDCls) & 8.30 (s, 4H, CH-terephtalate), 6.91 (d, 2H, J
8.0 Hz, H-1), .66 (d, 2H, J 8.0 Hz, H-2), 5.67 (m, 2H, H-8), 5.46 (m, 2H, H-7),
5.15 (m, 4H, H-5, H-6), 3.43 (m, 2H, H-0), 3.10 (m, 2H, H-10a), 2.81 (m, 2H, H-
14), 2.67 (m, 2H, H-16a), 2.47 (s, BH, NCHs), 2.43-2.34 (m, 4H, H-10b, H-16b),
5  2.14-1.91 (m, 10H, CHsCO, H-15),

BC NMR (75 MHz, CDCly) & 170.4, 163.2 (C=0), 149.5, 133.6, 1325,
131.8, 131.6 (C-ipso), 130.3 (CH-terephtalate), 129.2 (C-7), 128.7 (C-8), 121.9 (C-
1), 119.5 (C-2), 88.7 (C-5), 68.0 (C-6), 58.9 (C-9), 46.5 (C-16), 42.8 (NCHS;), 42.7
10 (C-13), 40.3 (C-14) 35.0 (C-15), 20.8 (C-10), 20.6 (CH3CO).

High Resolution Mass (ES)
- Calculated for CagHasN2O1o [M+H]*": m/z = 393.1576
- Found: m/z = 393.1560
15
Example 13- 6-O-Acetylmorphin-3-yi 6-O-(methyl 2,3 4-tri-O-acetyl-B-D-

glucopyranosyluronate)morphin-3-yl terephthalate

20 "H NMR (300 MHz, CDCls) & 8.31 (m, 4H, CH-terephtalate), 6.89 (m, 2H, H-
1, H-1"), 6.65 (m, 2H, H-2, H-2' ), 5.77 (m, 1H, H-8'), 5.68 (m, 1H, H-8), 5.46 (m,
1H, H-7), 5.33 (m, 1H, H-7"), 5.19 (m, 2H, H-3", H-4"), 5.15 (m, 1M, H-6), 4.96 (m,
3H, H-2”, H-5, H-5'), 4.86 (d, 1H, J 7.5 Hz, H-1"), 4.31 (m, 1H, H-6"), 4.05 (m, 1H,
H-5"), 3.72 (s, 3H, OCHj), 3.48 (m, 2H, H-9, H-9), 3.11 (m, 2H, H-10a, H-10a),
25 2.85-2.65 (m, 4H, H-14, H-14", H-16a, H-16a"), 2.52-2.37 (m, 10H, NCH,, H-10b,



- Found: mz = 530.1918 15
Exanpl e14-Bi s[ 6-0-(net hyl 2, 3, 4-tri - O acetvl-0-D gl ucopyranosyl- 201H NMR
(300 M—Iz CDClI3) 6 8.34 (s, 4H, CHterephtalate), 6.90 (d, 2H, J 8.0 Hz,

O & Syl 0 P 52,5 T Ho ) Pi%f%@%ﬁﬁ?y 5
coie) 3 et s ﬁ@ﬁﬁbﬁ 2L (3 e, BE). S ean

H—16a), 2@5@0@ 25 (m 10H, NCH3, 25H 10b, H-16b), 2.16-1.90 (m 16H, H 15,
0H300), 1.75 (s, 6H, CH300). 13C NMR (75 MHz, CDCI3) 6 170.0,
169.4, 169.3, 167.4, 163.9 (0=0), 150.4, 133.71 132 5, 131.7, 131.4

(1950, 130 Schi BRSNS, 8 . 18- 25H0 3ok e 1y
0-4") 5 7qS=0), 150.4, 149.5, 133.7, 133.6 (C-ipso), 132.0, 131.6, 130.8, 130.6, 130.3
129.0, 128.9 (CH-terephtalate, C-8, C-8', C-7, C-7’, C-ipso), 122.2, 122.0 (C-1, C-
1), 119.6, 119.3 (C-2, C-2'), 98.3 (C-1"), 89.8, 88.7 (C-5, C-5"), 73.7 (C-6'), 72.7
(C-5"), 71.8 (C-3" or C-4"), 71.0 (C-2"), 69.4 (C-3" or C-4"), 67.9 (C-6), 59.0, 58.8
(C-9, C-9), 46.6, 46.3 (C-16, C-16"), 42.8 (NCH;), 40.6, 40.2 (C-14, C-14') 35.2,

10 34.9(C-15, C-15'), 21.2, 21.0, 20.7, 20.6, 20.5, 20.4 (C-10, C-10' CH3CO).

High Resolution Mass (ES)
- Calcutated for Cs7HeoN201s [M+H,*": mi/z = 530.1921

- Found: m/z = 530.1918
15
Example 14- Bis[6-O-(methyl 2 3 4-tri-O-acetyl-B-D-glucopyranosyl-
uronateymorphin-3-vl] terephthalate
0 : O
CO,Me MeO,C
OAc
Ac

Xco oac  ACCOAc

20 'H NMR {300 MHz, CDCIs) 6 8.34 (s, 4H, CH-terephtalate), 6.90 (d, 2H, J

8.0 Hz, H-1), 6.63 (d, 2H, J 8.0 Hz, H-2), 5.77 (m, 2H, H-8), 5.34 (m, 2H, H-7),
5.23 (m, 4H, H-3', H-4"), 5.02-4.94 (m, 4H, H-2', H-5), 4.86 (d, 2H, J 7.5 Hz, H-1"),
4.32 (m, 2H, H-6), 4.06 (d, 2H, J 9.5 Hz, H-5"), 3.72 (s, 6H, OCHj), 3.48 (m, 2H, H-
9), 3.11 (m, 2H, H-10a), 2.75-2.60 (m, 4H, H-14, H-16a), 2.51-2.25 (m, 10H, NCH3,
25 H-10b, H-16b), 2.16-1.90 (m, 16H, H-15, CH5CO), 1.75 (s, 6H, CHCO).



(0-2"), 69.4 (0-3 or 0-4'), 58.8 (0-9), 52.9 (0OCH3), 46.2 (0-16), 43.1
. (NCI-13), 41.1 (0-14), 35.7 (0-15), 21.0(0-10), 20.6, 20.5, 20.4 (CH300).
Hi gh Resolution Mass (ES) - Calculated for C681174N2026 [ MH212+: mz =

: - : = S f h
?gZerzrzrggngszgH@@Pgé(ﬁed ??Z)mztzﬁg éogl yc%§| deapgghp: Fﬁtgl OnCWFﬁ“ﬁ@’mg?’%ﬁat ment
i on, hi b
coupl 1ng. the S iMB e 37827 CHOGERGY A7RA. GHC findap. tibaa 199 DrlesSir e (15
mbar) to 1afptai1s3ey by sAy 9i da{ mE. ’630)3@% 6 T@Httgfﬂe;)h‘?élétfo% é&d% (@1 xture

of nethanol (140 m ) and deni neral I zed ter | rring,
until a deﬂ)@%@e(@jﬁ )M BE-2)s 98 &T+ie) . 88ThECAR X 70ree(CH)t h2® (ol ed 1t -

Co 20 1 niEHRGRa: TORUER cEe (ot o & fcald &-bbipey @&Wﬁ 37 he-

reactar. 48N sNOH4S, Wiel f(@l’iéﬁ é@?é@m )52 e-henieds alo. 8050 U HL,CRuUr  under

ni trogen, and then cool ed

High Resolution Mass (ES)
- Calculated for CegHraNoOog [MH+H*": miz = 667.2265
- Found: m/z = 667.2253
10
Saponification _of the intermediates obtained from the O-glycoside

coupiing
After treatment and extraction of the organic phase (chlorobenzene)

obtained from the coupling, the chlorobenzene is evaporated off under reduced
16 pressure (15 mbar) to obtain a brownish oil (m = 47.4 g). To this oil is added a
mixture of methano! (140 ml) and demineralized water (35 mi) at 30°C, with
stirring, until a homogeneous mixture is obtained. The mixture is then cooled to -
5°C.
62.5 ml of concentrated sodium hydroxide solution (30% m/m) are added fo
20 this mixture, taking care not to exceed a temperature of 5°C in the reactor. This
mixture (pH = 12.72) is then heated at 20°C for 1 hour under nitrogen, and then
cooled to -3°C.
37 ml of hydrochloric acid solution {37% HCI) are added to the mixture thus
obtained (pH = 5.6). The mixture is heated at 20°C and maintained at this
25  temperature for 30 minutes (pH stable at 5.6). The mixture is then filtered and the
filirate obtained is concentrated under vacuum (15 mbar) to obtain 67.0 g of dry

extract,



37 m of hydrochloric acid solution (37% HCl) are added to the m xture thus
obtained (pH = 5.6). The m xture is heated at 20C and nmaintained at this 25
tenperature for 30 mnutes (pH stable at 5.6). The mxture is then filtered

670 g o MAPRRE R " 1S R OB on of the 1 et BG3 IR om |

ficg and fi t' T d ded
the saponific |0. and_ a _o_ Lcat] on |s rtegl ue |sf sutspen ed |n

500 M of met HaHSICH, aingd fre . At

filtrati ogb,aﬁg;aemporatr on under reduced pressure (15 5 rrbar) a residue of
30.8 g conmprising a m xture of norphine anal yzed by HPLC (of about 30% and
of MBG (of abolhis 7@%idue is susfrrasladesi O obt i rr@dhqn’rcévaatoﬁ@f@ s $uspended

100 d d
to ph 3 6% BROL B BAR SR AN e B ARGTRT G agtet salurtet rrdsiedih <o
under g hemaarrEa réﬁa’ué%f 30%8 @&@ng;@r@n@y iRt & Hﬁﬁﬁhrﬁé%n@ﬁ%@ Béprme (of

filtrate (in a rati o of relative to the wei ght of cont ai ned

aﬁcordi)ngahqv;tm&))e@ld aelVben(cblebaih&foby HPLC). The heterogleneouzI mﬁture
oporation is rimeruliERefinedoribusdd ¥ st d b adf L sy sl

resins obyajenesdahe gigpenbied obthinediib wcriiRaueOpE RBBONIROESY-DERCHD mnd the

basic solutjon obtained (pH = 10.9) is neutralized to a pH of about 5to 6
with dil W@In fitered. The acidic aqueous sol ution obtained is evaporated

nder,d educed of,
:Jdent1| fi eg by %G?ﬁ%é%@rﬁggﬁtu}]g{gp @%b’?’lﬁg% })1:@) %gcrbyd{hzél %‘?@gtgﬁg Rg’?'%t%e M6 G
The precedaag achs pddes |tdlili®e (iBrh® (i) a veighispeoddd ralatvemioxther @elfht WANEG

(166.5 m nd t han (277.5 m e mxture is refl uxed (9OC) for 30
m nut es ANERACES 'rnsdtot 8\@0@88%?@5'09 PRIained PhdTPhest Toe yaetgragansonsat

35C, mi)ftJr*r%gth%%%fa%éq?sr&rrgeﬁ%@é% r%!rw ?Lédi’nbarm?é;‘_égt hen washed

with 5 m ano After drying at g of pure MG
(organi c purithheop@ficans repeaiad adtil the MBG&orﬁarﬁed has been depleted.
15 The resins obtained are desorbed with dilute agueous ammonia (3%

NH4OH) and the basic solution obtained (pH = 10.9) is neutralized to a pH of about
5 to 6 with dilute HCL.
The acidic aqueous solution obtained is evaporated under reduced pressure
(15 mbar) to obtain 5.6 g of dry residue.
20 It is identified by HPLC (M6G content of about 80%).

Recrystallization of the M6G
The preceding dry residue (5.55 @) is suspended in a mixture of water
{166.5 ml) and methanol (277.5 mi). The mixture is refluxed (90°C) for 30 minutes
25 and then cooled to 0°C over 2 hours. The first crystals form at 35°C.

The crystals are isolated on a sinter funnel and then washed with 5 m! of
methanol. After drying at 80°C under 15 mbar, 2.6 g of pure M6G (organic purity >

99%) are isolated.



0 HOI' HO 3, 2 OH HPLC (MG content) = 98.6% 5Mass (chem cal ionization)
= [Mr H += 462.2 130 NWMR (75 MHz, CDCl 3) (020/exchange
NaOD) 6 (ppm 0.01 ppm: 129.71, 127.42 (01, 02); 155, 73, 149.25 (03, 04);

98. 19 ( 1'); 85.82 , 85.17, 82.94, 82.77, , ‘. 03",

04 C@’Oe%ﬁé@%?%f 55.76 10(Cl6): %3.07 (013): 50. 73’%@%&‘&’@%@

(014) 42.80 (015); 30.70 (010);,185.30 (C2H) 28 What is clainmed is: 1. A

process for preparing norpdine-& gl ucuronide or a derivative thereof,

conprising: (i) reacting ag nd of formula (1): wherein: Rl represents
n

a carbonyl group, CORsCO i RS epresents a group (Cl-C4)al kane-diyl,
(C2-C4)al kene-diyl, (C2-C4)al/kype diyl, hetero(d -Qal kanediyl,

dPen edi yl
_Tgrenediyl, or

) i%h which R6 represents a group

jyl, (C2-C4)al kyne-diyl, hetero(Cr
clO( BB & kane- di yl, (C5-Cl14) arene-diyl,

b#'( C10- 016) ar ene- oxi de-di yl or

aM O a glucuronic acid derivative corresponding to

bi (C10- C16) ar ene- oxi de-di y1
het er o( C4- C10) ar enS diyl,, S
(C1-4) al kane-di yl5

C4) al kane-di yl , ﬁetg& 0
het er o( C4- ClO)@@
bi (C10- C16) ar enﬁ-
formula (I11):

HPLC (M6G content) = 98.6%
5 Mass (chemical ionization) = [M+ H} +=462.2

BC NMR (75 MHz, CDCly) (D,Ofexchange NaOD) & (ppm + 0.01 ppm):

129.71, 127.42 (C1, C2); 155, 73, 149.25 (C3, C4); 98.19 (C5); 111.12 (C1'):

85.82 , 85.17, 82.94, 82.77, 81.40 (C6, C2, C3', C4', C5); 68.66 (C9), 55.76

10 (C16); 52.07 (C13); 50.79 (C17); 48.34 (C14); 42.80 (C15); 30.70 (C10); 185.30
(COzH)



R4 29 wherein: PG represents an acetyl, isobutyryl, benzoyl or pival oyl
group, X represents a trihal oaceti mdate group, and R4 represents a group
(Cl-4) al kyl carboxylate; in the presence: of an aromatic solvent that is
unsubstituted or substituted with oneZ8r nore substituents chosen fromthe
group formed by a hal ogen atom a group (Cl-C4) al kyl and a group
(C1-4) al kyl oxy, said solvent having a nelting point of |ess than or equal
to -20 C., and of trinethylsilyl trifluoromethanesul fonate; (ii) reacting
the product obtained in step (i) with a stung basic agent; and then (iii)
recovering the productQbtained in.step (ii). 2. The preparation process
according to claim1, 8$h%ﬁ?€%ﬁﬁ?$§%s, prior to. step &h&, reacting a
conpound of formul a RL1.CA2ptonesshios iprepaning a@,oragmen s Qllléfen’Prlawi th
morphine in a tmo-phaa§wﬁgghﬁakggqyﬁﬁ§ﬁﬁggﬁt | east water, a strong basic
agent and an aromatic v i | or substituted with one
or nore solvents choseﬁfﬁggﬁbghgiéﬁgﬁ%ﬁggﬁgﬁgyygg'of hal ogen atom a group
(Cl-C)alkyl and a group (Cl-C4)allcyl oxy, said solvent having a nelting
point of less than or equal to -20 C. 3. The process according to claiml
wherein said conmpound of fornmula (1) is selected fromthe group iconsi sting
of : di nmorphin-3-yl terephthal at e, _di mopphRp~BHYy1 i.sQpht hal at e,

di nor phi n-3-y1 phthal ate, di ? por phi n-3-y1
benzene- 1, 2- di sul f onat e,

wherein:

R, represents a carbony] group, CORsCO in which R,
represents a group (C,-C,)alkane-diyl, (C,-C,)alk-
ene-diyl, (C,-C,)alkyne-diyl, hetero(C,-C,)alkane-
diyl, heterocyclo(C,-Cyg)alkane-diyl, (Cs-C,4)arene-
diyl, bi(C,,-C, c)arene-oxide-diyl, bi(C,,-C,g)arene-
diyl, or hetero(C,-C,parene-diyl, SO,RcSO, in
which R represents a group (C,-C,)alkane-diyl, (C,~
C,,Jalkene-diyl, (C,-C,)alkyne-diy}, hetero(C,-C,)al-
kane-diyl, heterocyclo(C,-Cglalkane-diyl, (Cs-Cyy)
arene-diyl, hetero(C,-C,glarene-diyl, bi(C,q-Cy6)
arene-oxide-diyl or bi(C,-C,¢)arene-diyl;

with a glucuronic acid derivative corresponding to for-
mula (IT):

(n



di nor phi n-3-y1 benzene-1 ,3 -disulfon%&f, di nor phi n-3-y1

t hi ophene- 2, 5-di c, ar boxyl at e, di nor phi'n-3-y1l napht hal ene- 2, 7-di car boxyl at e,
di nor phi n-3-y1 4, 4" -oxybenz, oate, dinorphin-3-yl

bi phenyl- 4, 4' -di car boxyl ate, and di nor phi n-3-y1l carbonate. 30 4. The
process according to claim1, wherein said conmpound of fornula (11) has one
or nore of the followi ng characteristics: PG represents an acetyl group, X
represents a groupOCNHC13 or a groupOCN- PhCF3, and R4 represents a

met hyl car boxyl at e g{ gg . S. The process according to claim1l, wherein said
conmpound of fornmul 1?‘is met hy

| . .
2,3, 4-tri-0-acetyl P& ISR A5 isoBHBEL heeRVbPE RUAIOE date. 6. The

process according toglup,m 1 wherein said aromatic solvent is chosen from

mesi Tyl ene. 7. °'T§fé§’f%%3§%é’2f§ﬁ‘?“®ﬁﬁﬂ?§‘@?@‘g§‘ﬁ*t;‘rfe! nsai d strong basi
ity : : [ id strong basic
agent is sodi um hyted P@é‘?ﬁtsagggﬂgtpm %k a7 % to claim1l wherein
the nole ratio of mntht geseneeoni c acid derivative of fornula (11) to said

Clo”POUEdef for m“ha 6f dniavomativeeiveht ahet . unsudstiflited pr substs- according to
'fr ?:‘ Imuor orrg'[ ﬁiazetsuff gﬁg}fe ?"}ﬂlg‘?ifgﬂ;‘é@ ég%%ﬁg?éé%lrché%eél %{E{: the bet ween 2.2
and 20. 10. A conpouH@upf a8 HHege] Aloky a;81oUp f¢§lsd inclaimi,
alkyl and a group (C,-C,)alkyloxy, said solvent hav-
ing a melting point of less than or equal to -20° C,,
and
of trimethylsilyl trifluoromethanesulfonate;

(ii) reacting the product obtained in step (i) with a strong

basic agent; and then

(iii) recovering the product obtained in step (ii).

2. The preparation process according to claim 1, which
comprises, prior to step (i), reacting a compound of formula
R,Cl, in which R, is as defined in claim 1 with morphineina
two-phase medium comprising at least water, a strong basic -
agent and an aromatic solvent that is unsubstituted or substi-
tuted with one or more solvents chosen from the group con-
sisting of halogen atom, a group (C,-C,)alkyl and a group
(C,-C,)alkyloxy, said solvent having a melting point of less
than or equal to -20° C.

3. The process according to claim 1 wherein said com-
pound of formula (I) is selected from the group consisting of:

dimorphin-3-y! terephthalate,

dimorphin-3-yl isophthalate,

dimorphin-3-yi phthalate,

dimorphin-3-y! fumarate,

dimorphin-3-yi benzene-1,2-disulfonate,

dimorphin-3-yl benzene-1,3-disulfonate,

dimorphin-3-yl thiophene-2,5-dicarboxylate,

dimorphin-3-y1 naphthalene-2,7-dicarboxylate,

dimorphin-3-yl 4,4'-oxybenzoate,

dimorphin-3-yl biphenyl-4,4'-dicarboxylate, and

dimorphin-3-yl carbonate.



31 R2 and R3 independently represent a group PG as defined in claim1l1 or a
group of forrmula (1V) below. ONO CPGiOn whi ch: 114 and PG are as defined
inclaiml, with the proviso that at [®ast one from anong 112 and R3
represents a group of formula (1V). 11. The conpound according to claim
10, wherein said conpound has one or nore of the follow ng characteristics:
R1 represents a terephthal oyl group, and at | east one fromanong R2 and 113

represents a g of fornula ch,Li .is a, nethyl

2 5, 4-tri- %%ﬁ@p@@%ﬁ%ﬁﬁ%&&%ﬁo@@%rsatfbcawd PG i's an acetyl
group. 12 ﬁ@m&oﬁﬁnunﬂaeﬁ):hamnrgonmowaﬁhejfb logehgchad from the group
consi sting ofstefsiftsacet yl m)rphl n-3-yl 6-0-(nethyl 2,3,4-tri-0-acetyl-

bi s[[%gB”f?rEtyLiﬁB@z%'@r“e%g@ B Qﬂﬂ;ﬁ L Leennthe oL
r onat e) nor phi @eprqSﬁéicSe@r&rﬁup Cl, or a group PUCN-
PhCF,, and

R, represents a methylcarboxylate group.

5. The process according to claim 1, wherein said com-
pound of formula (II) is methyl 2,3,4-tr1-O-acetyl-o-D-glu-
copyranosyluronate trichloroacetimidate.

6. The process according to claim 1 wherein said aromatic
solvent is chosen from chlorobenzene, toluene, 1,2-dichlo-
robenzene, 1,3,5-trifluorobenzene and mesitylene.

7. The process according fo claim 1 wherein said strong
basic agent is sodium hydroxide.

8. The process according to claim 1 wherein the mole ratio
of said glucuronic acid derivative of formula (II) to said
compound of formula () is between 2 and 5.

9, The process according to claim 1 wherein the mole ratio
of the trimethylsily! trifluoromethanesulfonate to said com-
pound of formula () is between 2.2 and 20.

10. A compound of formula

(1)

wherein:
R, is as defined in claim 1,



13. A compound of fornmula 32 wherein: Rl represents a carbonyl group,
COR5C0 in which R5 represents a group C2-C4 al kene-diyl, (C, -C4)alkynediyl,
hetero Cl-C4 al kane-diyl, heterocyclo(fb-CB)alkane-diyl, C5- Cl14 arene-diyl,
bi (C10- C16 arene-oxi dediyl, bi(Cl10-Cl6 arene-diyl, or
het er o( C4- C10) arenedi yl , SO02R6802 in which R6 resents a group (Cl-C4)
al kane-diyl, (C2-C4)arene-diyl, (C2-C4)al kyne-diyl, hetero(Cl-C4
al kane-di yl, heterocycl o(C3-C6) al kanediyl, (C5 -Cl4)arene-diyl,
het er o( C4- C10) ar ene-di yl , bi (CLO- C16) ar ene- ox]g&e- %ﬁ&%‘?fn
bi ( CL0- C16) ar efg-adidR, indepertlently senyeeid 2 EXY: o i) aim 13, sel ected
fromthe group Conpsist bPg pbup 6f forrmida (F\8) bedower epht hal at e, di nor phi n-3-y1
i sopht hal at e, di norphi n-3-y1 "pht hal ate, di norphin-3-yl funarate,
di nor phi n- 3-y1 benzene- 1, 2-di sul fonate, dinorphin-3-yl benzene-1,3
-di sul fonate, dinorphin-3-yl thiophene-2,5 -dicarboxyl a&ﬁ di nor phi n-3-y1
napht hal ene- 2, 7-di car boxyl at e, di norphin-3-y1l 4,4'-oxy zoate,
di nor phi n-3-y1 bi phenyl-4, 4' -di darboxyl ate, and clinorphin-3-yl carbonate.
G
s

OPG

in which: ..
R, and PG are as defined in claim 1,
with the proviso that at Jeast one from among R, and R;
" represents a group of formula (IV). °
11. The compound according to claim 10, whgreip §ald
compound has one or more of the following characteristics:
R, represents a terephthaloyl group, and :
at least one from among R, and R, represents a group of
formula (IV) in which R, is a methyl 2,3,4-r1 -O—agetyl«
p-D-glucuropryranosyluronate group and PG 1s an

acetyl group. : . |
12. Thtg chrnpound according to claim 10, selected from the

consisting of: A '
groél%-acety}mc%rphin-?)-yl 6-O-(methy! 2,3 4-tri-O-acetyl-
B«D-gluco_pyranosyluronate)morph1n—3—yl terephtha-
late, and
bis[6-O-(methy} 2,3,4~tri—0—acety1—[3»Dwglucopyranosyluw
ronate)morphin-3-yljterephthalate.
13. A compound of formula

O”"""‘Ri"‘""O-




32

wherein:

R, represents a carbonyl group, COR,CO in which R
represents a group C,-C, alkene-diyl, (C,-C,)alkyne-
diyl, hetero C,-C, alkane-diyl, heterocyclo(C;-Cg)al-
kane-diyl, C;-C,, arene-diyl, bi(C,,-C, ¢ arene-oxide-
diyl, bi(C,,-C,¢ arene-diyl, or hetero(C,-C,)arene-
diyl, SO,R¢S0, in which Rg resents a group (C,-C,)
alkane-diyl, (C,-Cparene-diyl, (C,-C,)alkyne-diyl,
hetero(C,-C, alkane-diyl, heterocyclo(C,-C)alkane-
diyl, (Cs-C,,)arene-diyl, hetero(C,-C,,)arene-diyl,
bi(C, o-C, ¢)Jarene-oxide-diyl or bi(C, ,-C, ¢ )arene-diyl.

14. The compound according to claim 13, selected from the

~ group consisting of:

dimorphin-3-yl terephthalate,

dimorphin-3-yl isophthalate,

dimorphin-3-y1 phthalate,

dimorphin-3-yl fumarate,

dimorphin-3-yl benzene-1,2-disulfonate,

dimorphin-3-y] benzene-1,3-disulfonate,

dimorphin-3-y! thiophene-2,5-dicarboxylate,

dimorphin-3-yl naphthalene-2,7-dicarboxylate,

dimorphin-3-yl 4,4"-oxybenzoate,

dimorphin-3-y! biphenyl-4,4'-dicarboxylate, and

dimorphin-3-yl carbonate.



