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It is known that morphine undergoes substantial metabolism leading
especially to the formation of morphine-6-glucuronide (M6G). This metabolite
penetrates poorly into the brain on account of its hydrophilic nature. It has stronger
analgesic activity than that presented by morphine via central administration, with

20 a decrease in respiratory depression, nausea and 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.

M6G 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 principie, is of poor vield.
Furthermore, the heavy metals present in trace amount in the final product are
difficult to remove. Finally, the silver salts must be recycled. A process for
synthesizing M6G via the synthesis of a glycosyl donor in ortho ester form in the

30 presence of lutidinium 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)




O her nethods for performng the 0-glycosyl ati on have been envi si oned,
especially via activation in the formof an imdate or a thioaryl. These
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m ni mym of.tjadustrial constraints has now been found. 25Thus, according to
a first aspect, the present invention is directed toward a process for
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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 possible 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:




10C16) ar ene- oxi de-di yl or bi (G o-Cl6)arene-diyl, with a glllucuroni c acid

deri int ive corresponding to fornula (I'l) below R4 0 PQD-"ropt\a, X PGO OoPG

(I'l) 15in which: PG represents an acetyl, i sobutyrél iMbenzoyl‘ 0{ pi val oyl

group, X tri hal oaceti m date group, -an represents a group
Wy 2B G Tndh

(G - C4) al kyT Ear e, in the presence 20- of an ar onECGTEFRN0DGH2445 at
i's unsubstituted or substiguted with one or nore substituents chosen from
the group formed by éé'rﬁa? g, group (G -C4)alkyl and a group
(G -A)al kyl oxy, sai vent hav A mel ting point of Iess than or equal
to - 20C, and - of Ny | si |yl NeNuor onet hanesul fonate 25(ii) in
reacting the pr oday Oned | o st ﬁ. with a strong basic agent, and
t hen W 2 N
; N\
OH HO“
|
in which:
R+ represents a carbonyl group, CORsCO in which Rs represents a
group (C+-Cylalkane-diyl, (C,-Cq)alkene-diyl, (C2-Ca)alkyne-diyl, hetero(C;-
5 Cs)alkane-diyl, heterocyclo(Cs-Ce)alkane-diyl, (Cs-C1s)arene-diyl, hetero(C,-
Cip)arene-diyl,  bi(C1o-Cse)arene-oxide-diyl, or bi{C10-C1g)arene-diyl,
SO2ReS0O; in which Rg represents a group- (C4+-Cs)alkane-diyl, (C,-
Ca)alkene-diyl, (Co-C,)alkyne-diyl, hetero(C4-Cq)alkane-diyl, heterocyclo(Cs-
Ces)alkane-diyl, (Cs-Cyq)arene-diyl, hetero(C4-C1p)arene-diyl, bi(C1o-
10 Cis)arene-oxide-diyl or bi(C10-C1g)arene-diyl,
with a glucuronic acid derivative corresponding to formula (M) below:
R, o
PGO
Psm"‘x
OPG
(i)
15 in which:
PG represents an acetyl, isobutyryl, benzoyl or pivaloyl group,
X represents a trihaloacetimidate group, and
R4 represents a group (C4-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 atom, a
group (Ci-Cyalkyl and a group (Ci-Cylalkyioxy, said solvent having a
melting point of less than or equal to - 20°C, and
- of trimethylsityl trifluoromethanesuifonate
25 (i) in reacting the product obtained in step (i) with a strong basic

agent, and then




WO 2010/ 0670074PCT/ FR2009/ 052445 (iii) in recovering t hgé product obtai ned
in step (ii). A subject of the present invention is also the
conmpounds corresponding to formula (I111) bel ow in which: RL is as

defi ned ' R2 and R3 i ndependently represent a group

PG as de?@ﬁﬁ&h&%ﬁ y or a 10 group ¢rresponding to f’Gr'lp_r‘ﬁR%DO@lOB?_‘lﬁl oW

0 P&rot\---- PAO,OPG (1V) in which: R4 and PG are as defined previously,
f regoyes

15wi th the proviso {il g therrodvehahiaibed iIRstemti)R3 represents a
group of forrmula (1V).

A subject of the present invention is aiso the compounds corresponding to
formula (lil) below

in which:
Ry is as defined previously,

Rz and Rj independently represent a group PG as defined previously or a
10 group corresponding to formuta (IV) below:

R4
o]
PGO
B0
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 (IV). '

A subject of the present invention is also the compounds corresponding to
formula (I} below:

20 I
in which:




A subject of the present invention is also the conpounds corresponding to
formula (I) below. 20 in which: WD 2010/ 0670075PCT/ FR2009/ 052445 Ri. is as
defined previously. DEFINITIONS 5ln the context of the present invention,

the foll oy finitions apply: a group PG a protecting group
t hat mke@‘?%"g@w% Te, fi rstly, to protect a reactive fBBFIFR2009/05R44E a
hydr oxyl or an_am ne during a synthesis, and, secondly, to regenerate

the intact reabuiS/@s fgfieed previaushhe end of t he synt hesis; exanpl es of
protecting groups and of protection and deprotecti on net hods are 10given in
"Protective Goups in Organic Synthesis", Geene et al., 2nd Edition (John
Wley & Sons, DEFINITMONSrork), 1991; nention will be nade in particul ar of
acetyl, isobutyryl, benzoyl and pival oyl groups; - a halogen atom a
fluorine atom a chlorine atom a brom ne atomor an iodine atom 15- a

G- b t d, b hed
dturated a1 piecouot o the B InARGHR e SElSWnaidstosaphiian | es
that may be rrenalgmmqn‘lﬂ@(é pdﬂedﬁt&@g&uupethbi/fnal@'sqpyéssnbléoﬁfsﬂwio pr%&'édzfgoa

i sobutyl, tert-but etc. groups; - a hydroxyl group: a group
group (G %ﬂ'&?kfﬁ%ﬂ?ﬂ gt Ao a dsty@@xybagraanyammemlum tméy@tlmqm(@'rd

secondly, to regenerate the intact reactive function at the end of the synthesis;
examples of protecting groups and of protection and deprotection methods are

10 given in “Protective Groups in Organic Synthesis”, Greene et al., 2" Edition (John
Wiley & Sons, inc., New York), 1991; mention will be made in particular of acetyl,
isabutyryl, benzoyl and pivaloyt groups; ' ,

- - a halogen étom: a.ﬂuorine atom, a chlorine atom, a bromine atom or an
iodine atom; )

15 - a group (C4-Cslalkyl: a substituted or unsubstituted, linear or branched
saturated aliphatic group containing from 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 (C+-Cq)alkyloxy: a group -O-(C+-Cyalkyl in which the group (C+-

Cyq)alkyl is as defined previously;

- a carbonyl group, a group C=0;

- @ group (Cs-Coalkane-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-diyi (-CH;-), ethane-diyl
(-CH2-CH,-), propane-2,3-diyl (-CH(CH3)CH:-), propane-1,3-diyl (-CH2-CH2-CH»-);
etc. groups;

- a group (Cz-Cy)alkene-diyl, a linear or branched, monounsaturated or
polyunsaturated divaient aliphatic group, containing from 2 to 4 carbon atoms,

30 comprising, for example, one or two ethylenic unsaturations; exampies that may
be mentioned include ethene-diyl (-CH=CH-), 1-propene-1,3-diyl (-CH,-CH=CH-),
etc. groups;

- a group (Cz-Cy)alkyne-diyl, a linear or branched, monounsaturated or



C4)al kyl is as defined previously; - a carbonyl group, a group 0=0;

- a group (G -C4)al kane-diyl, a substituted or unsubstituted, |inear,
branched or cyclic divalent saturated aliphatic group, containing froml to
4 carbon 25 atons; exanples that may be nentioned include nethane-diyl
(-CH2-), NYQZALO/EPTR07 - Cro- CH2-), proparte- 2, 3-di yl (- CH GEIYKREDOD/052445
propane-1, 3-diyl (-CH2-CH2-CH2-); etc. groups; - a group

i Saidrated divatemt aliphatiargroaeg, contamingarerhaked &rcarbon atoms,
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may be nentioned include the groups (

SYUNTOON

- a group hetero(C4-Cy)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-Cg)alkane-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-diy! groups; _
- @ group hetero(Cs-Cio)arene-diyl, a divalent cyclic aromatic group
preferabiy 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

S S [S
(\@),(\(\_z) , (j\_});

- a group bi(C10-Cse)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

Ve

a group bi(C1o-Cis)arene-oxide-diyl, a divalent group comprising two
aromatic rings, each independently substituted or unsubstituted, containing from-



- a group hetero(G -C4)al kane-diyl, a substituted or unsubstituted al kane-
10 diyl group, as defined above, preferably containing between 1 and 4
carbon atons, conprising one or nore heteroatons, such as nitrogen, oxygen
or sulfur;, an exanple that nmay be nentioned is the ether oxide-diyl group;
- a groupW}@t”@FB’@? POY C3- C6) al kane-diyl ,7a substituted oPQWMEREECY/I535498
group cycl o(C3-C6) al kane-di yl, as defined above, preferably containing

bet wveen 3195 tantb scarhppoatamnsinan esapiplesi thgt angy ose NEAtIDeEE! i8atH Ryrogych
as nitrogen, ygen sul fur; exanples that may be nentioned include

oxi r ane- d(w@i—v' Lyl angihi rane-diyl and pyran-diyl groups; - a
group hetero(*c4-C o) ne-diyl, a divalent cyclic aromatic group preferably

cont ai ni ng bet wegn nd-1 on.ato and conprising one or nore 20
het er oat ons, suc(f%l %rg)uﬁi ??b&é@&@%@é’ﬁy%ﬁﬁi 3 9reuR ré@x@ﬁ&1&4)ﬂﬂﬁ¥b the,oroep
nent i oned (Cpdls)alkyltheing a9 dBfinéMNabbve 9 - agroup o

bi (C 10-Cl6)arene-diyl, a divalent group conprising two aromatic rings,

each pdssi bl y BEErRXArASRpRnatEang pasichagent!idedotes, imsubahhetikaswnoahesab! y
25 cont ai 8fingqf a : ntiqn nmay be nmade of the group
10 20101085003 18 B 5By RsEoAGER B4 By TESHdaRs IF Yeulralanuscuspsalition
may be nent iatdwhs at lehst griigh degree of dissociation in neutral aqueous solution. The

expression “strong basic agent” in particular denotes sodium hydroxide, potassium
hydroxide, lithium hydroxide and ammonium hydroxide.

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

DETAILED DESCRIPTION OF THE INVENTION
Compound of formula (I}

15

in which:
R represents a carbonyl group, CORsCO in which Rs represents a group
(C1-Cs)alkane-diyl, (Co-Cy)alkene-diyl, (C2-Cq)alkyne-diyl, hetero(Cy;-C,)alkane-
20  diyl, heterocyclo(Cs-Cg)alkane-diyl, (Cs-Cig)arene-diyl, hetero(C,-Cg)arene-diyl
bi(C1p-Cre)arene-oxide-diyl or bi(Cye-Cie)arene-diyl, SO,RsS0, in which Rs
represents a group (Cq-Cs)alkane-diyl, (Cz-Ca)alkene-diyl, (C,-C,lalkyne-diyl,
hetero(C1-Ca)alkane-diyl, heterocyclo(Cs-Cg)alkane-diyl, (Cs-C14)arene-diyl,
hetero(C4-Cio)arene-diyl, bi(C1-Cse)arene-oxide-diyl or bi(C10-C16)arene-diyl.
25 Among the compounds of formula (1), mention may be made in particular of:
- dimorphin-3-yl terephthalate,
- dimorphin-3-yl isophthalate,




- a group -(Cl-C4)alkyl carboxylate, a group -00-0-(G -C4)alkyl, the group
.(G-C4)al kyl being as defined above. 5The expression "strong basic agent
denotes, in a nmanner known to those skilled in the art, any basic agent

t hat fuII di ssociates in neutral aqueous solution or that has at |east a
hi gh degr‘é@ H10MG6F9BEi ation in neutral &queous sol ution. PGTERANI/E52445n
"strong basic agent' in particular denotes sodi um hydroxi de, potassium
hydr oxi de, i t imﬂrhiyidfbxl plthalate anmoni um hydr oxi de. 10- The term "room

t enper at ure" atur ranging from 20 to 25C. DETAILED
DESCRIPTIO\ICF W ound of formula (1) 15 in which:

Rl represents adigRirBiRY3- gﬁ%n ulighapli ch RS represents a group
(G -C4) al kane-di yl rﬁ( aI kengjgsgi?, 82@04) al kyne-di yl,

het ero(C, 1- Cl)-aq’inmﬁ@hln’z&}yl bﬁqﬁeneh‘ét(iedlsuljarlabQCB C6) al kane- di yl,

C5-C di Cw- C16) ar ene- oxi de-diyl or
E)I (a (])54)Crr)ar :pgne(Jj ﬁ'idyrpm S’gi% n#é\lﬁecgﬁa g@ﬁ“@ (esents a group
(Cl- C4) al kane-diiylorp Iﬁlﬁ%—%é’éﬂiﬁﬂl@h@%’?»dlé&go%é@ kyne-diyl,
het ero( G - 04) al kane-di yl, heterocycl o( C3- Co) al kane-di yl,

( C5- C14) ar ene-Higiorphiat&iot, @omt&)rmoat% diyl, bi(Ow Cl6)arene- oxi de- di ylbor
e ot oo SRR SR AL () o on T e
di nor phi n- 3- yl4 giahphial Bikcarbonate.

10 The compound of formula (I) as defined previously may be prepared
according to various processes, especially by esterification of the phenol group of
morphine with a dicarboxylic acid and removal of the water by azeotropic
distillation.

It may also be prepared according to the process described below.

15 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 RCl in which R is as defined previously, with morphine in
a two-phase medium comprising at least water, a strong basic agent and an
aromatic solvent that is unsubstituted or substituted with one or more substituents

20 chosen from the group formed by a halogen atom, a group (C:-Cylalkyl and a
group (C+-Ca)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 introduced in excess relative to the compound of formula R;Cl,, 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-trifluorobenzene and mesitylene. Chiorobenzene 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




di nor phi n-3-y1 phthal ate, dinorphin-3-ylfumarate, dinorphin-3-yl
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 nor phi n- 3-vyl na}Jht hal ene- 2, 7- di car boxyl at e,

di nor phi nY¥O0A0/8670)¢y benzoat e,  di nor pl§i n- 3- y| bi pheny1- PCA/FRE0DIII5244S at e,
and di norphi n-3-yl carbonate. 10The conpound of formula (1) as defined
previ ousl ¥& obiaibed.pTlep sobtrcar thergotmpovati GlforfiLls RERS ars Horiedald hidy
esterificat ifon of . the phefnol gr u‘g of rmr_tghi,ne with a dicarboxylic acid and
removal oFMIREN Ge{Wion, preferap @E‘? lygng withayigerpus stiriag S0 88 teenabie ihed
accor di ngphasé f@nefpcess descri bed bel ow. 15 According to one particular
enbodi man{) of the process of the present invention, it conprises, prior to
step (i), the #tepyectorisinetpregenninveation igasoctenmmgowids eamesgordifg 2o i n
whi ch kS as 2@“ ned previously, with norphine in a two-phase nmedi um
conpri ing"r&?“? st water, a strong basic agent. and an aronmati c sol vent

Lhat s unsubsTheus asbrapoiis ohd Weh"a4 In@A el B0 B SYRBIAIHET ofOor

chosen fromthe group forne hal ogen atom a grou

group (G dedyalivegitbeigofsai d sol vent having a nelting point of |ess than or

equal to - 20C. In this procedure for preparing a conpound of fornula (I),

the norphine is preferably introduced in excess relative to the conpound of

formula R1d 2, ddpﬁ%aﬁn@)@rfahﬁuia’l(m nole ratio of 2.2 nol of norphine per 1
nmol of conpoun : € strong basic agent used may be sodi um hydr oxi de.
Among!@ he sol vents Biguranpip asid deevative aoneespoodigstodsrdel (ipbekivave nenti on
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in which:
15 PG represents an acetyl, isobutyryl, benzoyl or pivaloyl group,
X represents a trihaloacetimidate group, and
R4 represents a group (C,-Cy1)alkylcarboxylate.
Among the glucuronic acid derivatives of formula (11), 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-acetyl-
25  0-D-glucopyranosyluronate trichloroacetimidate.
The compound of formula {l) may be prepared according to various
processes that are well known to those skilled in the art.
For example, methyl 2,3,4-tri-O-acetyl-a-D-glucopyranosyluronate
trichloroacetimidate may be synthesized according to the process described in
30 Scheme 1 below:




30advant ageously used, as it offers the best solubilization of the _
reagents. Advant ageously, the m xture of norphine 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 uM{QROW/ASHYeneous sol ution WD 2010/ 0670079PCTRERFRENDORZAAES | S
obt ai ned. The sol vent and the conpound of fﬁrrml a R1C 2t are added to :hl S

[ sol uti 8ahemeet erably slowy and with vigorous stirring so as to
ggg]l;?remt he phgge transfer. g g A subject of the present invention is
al so the conpvumds corresponding to S5fornula (I). These conpounds are

useful as € | at es heomsynt hesi ?g% !\/BCEdor. dgsbvatives tafeMeof 'A‘,I
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an acetyl, isobLﬁ yryl, benzoyl or pivaloyl group, X represents a
tri hal oaceti mdate group, and R4 represents a group
(Cm Cyl ) al kyl car boxyl at e.

morpholine AcO CoZMg CCI,CN ACO oM
—_— O : OH _—— AcD OCNHCCI,
CH,CI, 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-a-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 (Ih
in the presence of an aromatic solvent and trimethyisilyl triftuoromethanesulfonate.
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 (1) to said compound of formula (1) is between 2 and 5 and is in particular
4.
The reaction is performed in the presence of a weak Lewis acid,
trimethylsilyl trifiuoromethanesulfonate (TMSOTY).
The mole ratio of the TMSOTT to the compound of formuta (1) is between 2.2
25 and 20 and is in particular 3.1.



Anmong the glucuronic acid derivatives of forrmula (I1), nmention nmay be nade
in particular of those having one or nore of the follow ng characteristics:
20- PG represents an acetyl group, X represents a group -OCNHCI3 or a
group - OCNPhCF3, and R4 represents a nethyl carboxyl ate group.

Accor di ngVORMAHDETAOT i cul ar enbodi nent 1df the process adRET/ER2009/052445

I nvention, the glucuronic acid derivative of fornmula (Il) is nethyl

2, 3, 4- tri - O adstogrdibg-tD- ghel papticubarosmbodionenite the TOMBOTH &C fittodiudat €n two

The conpouynd of fornmula (]I, be, prepared according to various processes
thgt a?g eS118, Wﬁppgqug&:étrgaawnggﬁgﬁﬁg iselutiep of the pgl]'oduct of formuia (1) in

For exanpl i, ot iz ! R | \ vl & oo
trichlor gﬁ%e@ éllrﬁré:ngast%’le\fénr%y ”ggt d;lgﬁ ﬁgg;ﬁgg é@%%@gmfé oéﬁgeg{rl%éve%sm ggdseérri bed
in 30 Schensalfy dbeotwo nEBRENEFEL GO dHGANG: of fEEaUibEA); 2and ItHRIGHATAINIAGOAC
pyrt d|5ne po o is élEl) qﬁ%r&?&ce%c%%g%gs addition of the glucuronic acid derivative in

order to perform the O-glycosylation.

Performing step (i) leads to the formation of the compound corresponding to
formuia (HI) below:

10 (Hn
in which:
R1is as defined previously,
Rz and R3 independently represent a group PG as defined previously or a
group corresponding to formula (IV) betow:

R
PGO
15 OPG
(V)
in which:

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

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

Preferably, R, and R; both represent a group of formuta (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:

- R, represents a terephthaloyi group,



CClI 3CN AcASetth OHACACSOCNHCCI 3 OAcK2CCB, CH2d 20Ac CH2d 2 Such
.synthetic processes are described especially in Chem Pharm Bull. 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 W& 20HV967907and in Li ebi gs Annl2 Chem 1983, 570PSTAR2009/052445
tri-O benzoate derivative. 10Paraneters of step (i) As indicated
previously, in ghieapt oneSmomfamdry Rovand Renepiasentsea drolip of foenmaynd) if

formula (l). is.reacted w l.ucur oni cid derivative of formula (I1) in
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trifluoropgligapesedtiigpsls. Among the aromatic sol vents as defined
previously that nmay be used, 15 nmention nay be nmade in particul ar of

chl or obenzene, Amgingdhese todpodndb) meatiem rayehe taRieGntpdrfitwlar obenzene and
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ratio of said derivative of 20 to said conpound of formula (I)
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In the pr a weak Lewi s acid, trinethylsilyl
trifl uoro@%@ﬁﬁ@%&?'fonate ( TMBOTT) . The nole ratio of the TMSOIf

to the conmpound of forrmula (I) is between 2.2 25and 20 and is in particul ar
3. 1. According to one particular enbodi nent, the TMSOTf is
i ntroduced in Mkt portion is introduced into the solution
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after the addition of the glucuronic acid derivative in

According to oné particular embodiment, prior to the addition of the strong
basic agent, the aromatic solvent is removed, according to methods known to

15 those skilled in the art, for example by extracting the organic phase, optionally
ending with evaporation under reduced pressure.

Generally, the compound of formula (lIl) 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.

20 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 fo be obtained, preferably while maintaining the temperature at not

25 more than 5°C. |

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

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

30 When it is desired to obtain M8G or a derivative thereof in base form, the
mixture, cooled beforehand, for example to a temperature of less than or equal to
5°C, is acidified so that it has a pH less than the pK; of the product to be



order to performthe 0-glycosyl ation. Performng step (i) leads to
.the formati on of the conpound corresponding to formula (111) bel ow

10(111) in which: Rl is as defined previously, _ R2 and R3

i ndependent |y represent a group PG as defined previously or a group
corresponwméo‘tﬂioﬁ'f(ﬂoﬁul a (1'V) below PGE3R4 0 150PG (IV)PCTARZOOG/OSRMsN
PG are as defined previously, with the proviso that at |east one

f r om anongyritBesired Rfor emamméstts pHYS8ID TARoTacidHication Ma) be performedup ect
of the pr ' so, t he compounds corresponding to formul a
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char aq§ eristics: - IRl represents a terephthal oyl group,

Parameters of step (iii)

The product obtained after step (i) may be recovered in the form as
obtained, i.e. in crude form, for example by filtration and then concentration of the
filtrate under vacuum.

10 Advantageously, it may be recovered in purified form, which may be
performed according to any purification method known to those skilled in the art, in
particular by desalting, where appropriate followed by one or more steps of
adsorption and desorption on ion-exchange resins and then optionaily 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 M6G 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 aliowing 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 depleted of M6G or the derivative thereof. The resins

30  are then desorbed with a basic solution, for exampie 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.




- at least one fromanong R2 and R3 represents a group of forrmula (1V) in
which R4 is a nmethyl 2,3,4-tri-0O acetyl-13-D gl ucuropryranosyl uronate group
and PG is an acetyl group. Anong these conpounds, nention nay be made in
particul ar of:
5- 6- 0- ace 4HOME7903- y16- 0- (et hyl 2, 3, ¥ tri - O acet y| - f FPCF/FRR009/052445
pyranosyl uronat e) nor phi n- 3-yl t erepht hal ate, and - bi s[ 6-0- ( net hyl
2,3, 4-tri - O addnglly, 1thiDresidoe gy rresusyendathan enmagpeous-icphbli¢ enigphiehsbrat e.
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extracgti s | Ce: optionall ing wth evaporation under
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reduced pressure. nd of fornmula (Il11) is then
dissol ved i n aThamrpstal are bokted, Mot ekampkobneyaslet filhngl, TrL8R8A] fyat or
m xture, in a ratio ranging from20/80 to %0/20, wth stirri'ng, unfil a
uni f or m n§%@ple with prthaneldanddineily driedt foreexamplertsyr béating and evaporating

t enper at ey akb655 t han or equal to 5C The strong basic agent is
then intro uceg Intd the mxture generally in an anmount allow ng a pH of

greater than dFheetmvehtiomislilustrstetinn paidriligating el & thE@RaRipi@sibalow, © 12. 5
to be obtained, preferably while maintaining the tenperature at not 25 nore

t han §c. According to one particul ar enbodi nent, the strong basic
agent is sodi :gﬂ@!%de. The m xture obtai ned nay then be heated,
for exanple t : atinme that is sufficient to conplete the reaction,

for exanple for one hour. 30When it is desired to obtain M6G or a
derivative thegeoi.I in base form the
ynthesis

Scheme 2 describes the synthesis of the intermediate compounds of
15 formulae (1) and (Ill) and also of M6G and derivatives thereof. |
In Scheme 2, the starting compounds and the reagents, when their mode of

preparation is not described, are commercially available or described in the

literature, or else may be prepared according to methods that are described
therein or that are known to those skilled in the art.




m xture, cooled beforehand, for exanple to a tenperature of |ess than or
.equal to 5C, is acidified so that it has a pH less than the pica of the
product to be WD 2010/06700713PCT/ FR20091052445 synt hesi zed, for exanple
to pH 5.6, This acidification may be perforned in particular by adding
hydr ochl oYfQ28t3/867007  The nixture obi&i ned may then bRCHAR2809/052445
exanple to 20C, for atine that is sufficient to conplete the reaction, for
exanpl e for 30S@hemeds. 5 Paraneters of step (iii) The product
obtained after step (ii) nay be recovered in the formas obtained, i.e. in
crude form for exanple by filtration and then concentration of the
filtrate u cuum 10Advant ageously, it may b egayeLgd in purified
form which e perforned according to any pyf ]
t hose skill eg he art, imp jcul ar by des
fol | owed .o:ﬂ nore steps g%td:'fdsormi on ang
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salt cont gp t he purpose espécially of | sodilum
acetate and sodiumterephthalate, the filtrate may, fOf &@inple, be
resuspended in alcohol, in particular in nethanol, under conditions
al I owi ng the qgﬁﬁﬁ#%ﬁbﬁn of the MG or derivatives therdof, for exanpl e at
50C for 3 hours; and the mi xture obtained may then be filtered to renove
the solid 20particﬁes(§nd t he resi due obtgi JedRM® -;\gried, for exanple by
evaporation pressure. he purif ion may be continued
using ion-exchange Tesgpg. According § i enbodi ment, the
resi due obtained previously,s resus bn denpne ed water, and the
suspension is then acidified to a gets Pl povY and i n
particul ar greatMBOTh&RCbr equal ¥o 3, adding sul furic acid,
and is filtered, aRdf%he filtrate is pl3 bR with a cationic
resin under conditions allow ng the adsorption of the MG or derivative
thereof, for exanple with stirring at 20C for 39 mnutes, and is then
.filtered. These, operations areHogpegted until the filtrate is depleted of
MBG or the HEIPIEAPYe thereof. TR risins 30 are then desorbed with a basic
solution, for exanple wi th aqueo gApNi a. The basic solution obtained is
acidified tNeQhl pH of between 5 3 in particular 6, and is then

dried, for exanple Dy evaporati og educed pressure.
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The examples that follow describe the preparation of certain compounds in

> accordance with the invention. These examples are not limiting, and serve merely

to illustrate the present invention.




WO 2010/ 06700714PCT/ FR2009/ 052445 Finally, this residue is
.resuspended i n an aqueous-al coholic m xture, for exanple in a

nmet hanol /water m xture, in a ratio ranging from20/80 to 80/20, heated
under conditions allowing its total dissolution, for exanple at reflux for
30 mi nut e¥0 2W/@6780Ronogeneous ni xturelf s then cool ed sPOWFR2009/P52445n | e
to OC S5over 2 hours, the first crystals appearing at 35C. The
crystals are ikBrd rationfafrcam hds of fermiubd funnel, washed, for exanple

wi th nethanol,-and tinally drjed, for e by heating and evaporating
under vacuum %@B&LMMMEEE ReABRrpain- 'éiﬁa nonlimiting manner by the
exanpl es bel ow. 10 EXAMPLES Synt hesi s Schene 2 describes the
synt hesis of the internedi ate conpounds of 15forrmulae (1) and (I11) and
al so of MbG and derivatives tHbeg O In Scheme 2, the starting
conpounds and the reage ) u reparatlon I S not

descri bed, are comer the literature, or
el se may be prepaﬁm = A ng t o net hods th 4 e@N.[ | bed therein or
that are known-To t skflled in the art. 2 *

OH HO

Terephthaloyl chioride (12.0 g, 0.0594 mol) is added portionwise over 2.5
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.

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 crystals
(38.2 g, 92%).

'H NMR (300 MHz, CDCls) & 8.30 (s, 4H, 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, 6H, NCHs), 2.42-2.31
(m, 4H, H-10b, H-16b), 2.13-2.05 (m, 2H, H-15a), 1.96-1.92 (m, 2H, H-15b).

*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-6), 58.9 (C-9), 46.4 (C-16), 43.1 (NCHs),
42.7 (C-13), 40.5 (C-14) 35.3 (C-15), 20.9 (C-10),

High Resolution Mass (ES)
- Calculated for C4oHaoNoOg [M+HLP: miz = 351.1471
- Found: m/z = 351.1467




I OH I . The exanples that foll ow 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/ 06700716PCT/ FR2009/ 052445 Preparati on of conmpounds of formula (1)
Exanpl e 1WORAHHPHA0O73- v1 terepht hal atel7 5 Ter epht hRCTAAR200D/052445
(12.0 g, 0.0594 nol) is added portionw se over 2.5 hours to a solution of
nor phi ne nonohydrate (40.0 g, 0.132 m)l) in 0.66N sodi um hydroxi de (300 ni,
0.198 nol) and ﬁhl or obenzene &é TL% roomtenperature. The reaction
medi um i s stir?8d JEPPAUNGS Al FxampleeR Fhé"e%m&% were Rigaatsdoin thep same
precipitagnhafned is filtered off and reslurried in a chlorobenzene/0.66 N
sodi um hydroxi de m xture (300 nL/300 nmL) and then washed with water (3 X
250 nmL) to obtain the dinorphin-3-yl terephthal ate in the formof white
crystaés (38.2 CDCI3) 6 8.30 (s, 4H,

CH-t erepht al at : . 6.67 (d, 2H, J 8.0 Hz, H2),
5.83 (m 2H, H-8) 5. 32 (m 2H, H-7), 4. 95 (d, 2H, J 6.0 Hz, H5), 4.20 (m
2H, H6), 3.40 (m 2H, H9), 3.10 (m 2H, H10a), 2.74 (m 2H H 14),
2.67-2.61 (m 2H, fi6a), 2. 47 (s gH NC/-13), 2.4@H2.31 (m 4H H 10b,

H 16b), 2.13-2.05 96 1.92 (m 2H ZH 15b). 20

"H NMR (300 MHz, CDCl3) 5 9.00 (t, 1H, J 1.5 Hz, H-2’), 8.44 (dd, J 1.5 Hz,
10 J8.0 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-6), 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, NCH), 2.43-2.30 (m, 4H, 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, CDCls) § 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



13C NMR (75 MHz, CDCI3) 6 163.3 (C=0), 148.8 (Cipso), 134.3 (0-8), 130.5
.(CHterephtalate), 129.7, 128.6 (Cipso), 127.8 (0-7), 126.4 (Cipso),
121.1 (G 1), 120.0 (G 2), 92.5 (0-5), 65.9 (0-6), 58.9 (C9), 46.4 (C 16),
43.1 (NCH3), 42.7 (0-13), 40.5 (0-14) 35.3 (0-15), 20.9 (C10). 25 High
Resol utio %@mmpv- Cal cul ated for CHRHA2N208 [ M+1- 12P@FFR2009/053545 1471

- Found: mlz = 351. 1467 The conpounds of Exanples 2 to 11 bel ow were
prepared 8.8 HaeHs2)e5. Mr(ner2H SHa@;nﬁlzg em I'Hmﬂmu n-83 gdl ZHO.KDMQQJI@t#S(P‘D"
1F1 NWR I(_éqgkd\MZZHCIQgtlsi) gg 44 (dd, J 1.5

10 J8.0 bFP 3?80@ (Fﬂh 2H+15|L)Oa 62877%71 2H, B4, Hz

4 o5 (a on 3oe g ?%%? ENHeraz2 2y ﬁﬁ%ﬂﬁ%mfﬁb&(m

2H, H10a2082205(mn2mm115m4)1 B8R (662, BR14m). 2H, H-16a), 2.47 (s, 6H,

NC/ - / 15-2.04 (m 2H, H 15a),
1. 95- ?91 (m ﬁé’%ﬁ "PWég'Q” Mﬁm?o"&n zation): [MrHL=701.6 Exanple
3- Di nor phi n- 3- y1 phthal ate

Example 4- Dimorphin-3-yl fumarate

OH
"H NMR (300 MHz, CDCls) & 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, NCHj), 2.42-2.30 (m, 4H, H-10b,
H-16b), 2.16-2.06 (m, 2H, H-15a), 1.92 (m, 2H, H-15b).
Mass (chemical ionization): [M+H]"= 651.6
15

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




WD 2010/ 06700718PCT/ FR2009/ 052445 8.0 Hz, H2), 5.74 (m 2H, H8), 5.29 (m
.2H, H7), 4.81 (d, 2H, J 6.5 Hz, 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 NC-13) 2.42-2.27 (m 4H H10b, H 16b), 2.08-2.05 (m 2H,

H 15a), 1WEH2Q1R/067IA07H 15h). 5Mass (che cal ioni zati on) PCTIFRA089/052445
Exanpl e 4- Dnﬁ‘rl phi n-3-v1l fumarate OH 1H NWR (300 MHz, CDCI3) 6 7.23 (s,
2H, CHC00), m\aR (300 MHg, CDEl3) A®.24 (Yid, BHp4 3.8, H2H 6.18H, Hz3', H-8),

SO P e S A& e o Se S aif ) s K2 R e 1 (™
i 16b), o ?E”ézﬁa%?@%m S S A M ﬁoéa*i”sJ‘“?em P

i oni zati oh)1b ([I”MFEH,-FBG)L %355(7TEX%H;)H39}5 3 Qﬂr(m 4l an]'Gﬂ]) 2.65 (m 2H H 14

e ol S0 A 1 4, 6 A 5 0 8, B A Bl

679(d 205-208.(n, BR, HH15)), 167M121&m221r| lliﬁsb"aHZ H2), 569(m 2H,
H8), 5.22 (m 2H 11-7), 481 (d, 2 ,11 5), 4.15 (m 211,

H6), 3.35 (mMgass (chemigp Ioalmooin[lvlz*rhl] -HJIB@ .65 (m 2H, 11-14),
52.60-2.54 (m 2H, H16a), 2.41 (s, 6H, NCO/-f3), 2 40-2.22 (m 4H, H 10b,
H 16b), 2.05-2.00(m 2H, H15a), 1.77-1.72 (m 211, H 15b).

Example 6- Dimorphin-3-yl benzene-1,3-disulfonate

10

"H NMR (300 MHz, CDCl) & 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, NCHs), 2.35-2.24 (m, 4H, 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 Example 7- Dimorphin-3-yl thiophene-2,5-dicarboxylate

SO,
oG

OH



Mass (chem cal ionization): [MrH = 773.6 Exanple 6- D norphin-3-yl
.benzene-1, 3-di sul fonate 10 1H NMR (300 MHz, CDCI3) 6 8.24
(m 3H 11-2', 11-4', H6'), 7.78 (t, 1H J 8.5 Hz, H5'"), 6.51 (m 4H,
H1, H2). 5,66 éﬁq) 211, 11°8), 5.27 (m 2H, H7), 4.85 (d, 15 2H, J 6.5
Hz, H-5), WS 2@10/067087, H—6) 3.34 (m #9 H9), 3.03 (mPCHFR3009/852445 65
(m 211, 11-14) . 2.61- 5 (m 2H H16a), 2.42 (s, 6H, NC-13), 2.35-2.24
(m 4H  H- 10b, HHNMR) 30@ f\djléuC@g‘(lxhﬁ 205 (5, 26a)GH-thiophanas 6(86 (RHH,H 88b) .

Ui ophenct 2, a0t SRR APV OWE K526 % 8967 ZAPCrPire 384 Moan £67), 495 (o

1H NVR (3984, Mszs H@pQLs)) 4616781352H5H-3" @@mhzﬁphe?_?eh 0@§r§62I¢IdH 116% Q?% 0

6. 66
ﬂzn " 4. dsn( &, I'M4 a26‘>852ﬁ2 (M43, HA 688, 2.4 (aHSHHN@Hs):sM@ 2.80 (m—|4H+H>)

v H 4 H16a), 2.41 (s,
gHogN )?&% %%9?220152§ W?E" ’5’15%37 91%% %(%"%"émﬂ ¢m 2H, H 15a).
1.95-1.90 (m Rbss keHdrhical Ma&anbnhgm&q% lmalezatlon) [ M-H = 708.6 Exanpl e
8- Di nor phi n-3-y1l napht hal ene- i carboxyl ate 10

Example 8- Dimorphin-3-yl naphthalene-2.7-dicarboxvlate

10

"H NMR (300 MHz, CDCl3) & 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]'=751.6

20 Example 9 - Dimorphin-3-yl 4.4’ -oxybenzoate




1H NWR (300 MHz, CDCI3) 6 8.83 (s, 2H, H1', H8 ), 8.27 (dd, J 1.5 Hz, J
.8.5 Hz, 2H, H3, H6"), 808 (d, 2H J 85 Hz, H4', H5), 6.92 (d, 1H J
8.0 Hz, Hl1), 6.69 (d, 2H, J 8.0 Hz, H2), 5.84 (m 2H, H-8),5.34(m 2H,
H7), 495(d 2H_ J 15 6.5 Hz, |+5) 4.20 (m 2H, H6), 3.40 2H, H9),
3.11 (m WA 20100839072 74 (m 2H, H 14)21 2.68-2.61 (m RETFR2 105224457 (s,
6H, NCH3), 2.44-2.32 (m 4H, H 10b, H16b), 2.14-2.05 (m 2H, H-15a)
1.96-1.90 (m MMR@M) MFﬂmﬁDQﬂ)@n& 481(di aHi, Z8.5 4, H-PM#HG:)7511% GEkanpl e

0~ DmorpRied- 4H45 ¥ "(HZE L9 85 Ha, H-13, 56 09/ h 4800 10
(d, 4H, M &° Mg e &l
2H, J8.5 (Hi 21k H)B) @@‘Vﬂﬁﬂ 2h°—|‘H 7}&4?5‘% 2H2)16§P$2 KB asz {T‘nS)ZH EH%} (m

2H, H7), 4.95 (d 4.20 (m 2H H 3. 40
H9), 3.1940dm, B, He9)od)10 (zn7%H( M-108y, 2K731am, 2P, 6514), 6@12}6‘2(-1“ QH EB‘h:Ga)

2 26 9,5 (S nthit 2l mall (Ehdmion THI: £18G 0 i Al ros. &

Exanpl e 1{Ba)p|1[g5t:pbor(m’32y-ﬂ. ngbgznyl 4 4 di car boxyl ate

11-1 NMR (300 MHz, CDCI3) 6 8.25 (d J 8.0 Hz, H2 H—6)779(d
4H, 18.0 Hz, HMgss (ghemical ignizgtipa): [MHH]ET%?Sﬁz H1), 6.68 (d, 2H J8.0 H,
H2), 5.84 15(m 2H, H8), 5.32 (m 2H, H7), 4.95 (d, 2H, J 6.5 Hz, H5),
4.22 (m 2H, H6), 3.41 (m 2H, H9), 3.11 (m H10a), 2.74 (m 2H, H 14),
2.68-2.63 (m Bkamplel $0) Ditharphin-3-dHbiphehy)-4 L-dicacboid/ldte 4H, H- 10b,
H-16b1) 2.17-2.11 (m 2H, Hl 5a), 1.95-1.90 (m 2H, H1 5b). Mass (chem cal
i oni 28t fon): [MtH = 777.5

~ASH O
O o = o o, Q

OH HO:

"H NMR (300 MHz, CDCls) 5 8.25 (d, 4H, J 8.0 Hz, H-2', H-6"), 7.79 (d, 4H,
J 8.0 Hz, H-3', H-57), 6.90 (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), 56.32 (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, NCHj), 2.42-2.32 (m, 4H, H-10b, H-16b), 2.17-2.11 (m, 2H, H-
15a), 1.95-1.90 (m, 2H, H-15b).
Mass (chemical ionization):; [M+H]'= 777.5
20

Example 11- Dimorphin-3-yl carbonate




20 Exanple 11- Dinorphin-3-yl carbonate 1H NWVR (300 MHz, CDCl 3)
.66.88 (d, 2H, J 8.0 Hz, H 1), 6.59 (d, 2H, J 8.0 Hz, H2), 5.70 (m

2H H8), 523 (m 2H H7), 4.97 (d, 2H, J 6.5 Hz, H5), 4.15 (m 2H H6),
3.36 (m 2H, H9, 3.11 (m 2H H10a), 2.69 (m 2H, H14), 2.68-2.60 (m
2H, I—l—lGa)NOZOTwO@@UmH NCH3), 2.40-2.27 (m 4H, H 10b, PETIRR2009(05244%. 04
5(m 2H, HlSG? 1.94-1.90 (m 2H, H 15b). Mass (chem cal ionization):

[ MtH] = 597.5 AR NER (aOdeleng ) 8 BBHId, TH L5 8rovblz) H—t) &8I 0d, tZHa.JSO

2?1: lcﬁ gggn%@ng %)Z%nfé] Bt 3"'&%@%@%3%%@" %h%g?égggﬁog hzu%s} & 1;5 rF'r ed

for 3 mi nQHest 0} e t5 pn ﬁhf LMo 2H, b 2%3 68-2.6

tri-O acety Iuco ranos Iurontetrlchlo oacet
ol ) and(mhéhl mam 23.13 (5L 6H) .NCH; m204)-2. 2 émy dda:btl-ﬂ-dﬂbrrkblﬂﬁh) |251@42| 04 ed

for 30 m ut 0 r at . HCO3 (100 ng) is added, followed by
CHz2d 25 5 ?ﬁa%1§\§rg1ré‘§g%m€“ %ﬁe"'llg\im c phase is separated out and
dried over Na2ffahs (chemicantﬁw|%| V‘gﬂ[‘M-H% 1'egyved under reduced pressure. A
m xture of three products: bis[6 acetyl mor phi n-3-yl] terephthal ate,

6- 0- acet yl nor phi n-3-y1 6-0- (nethyl

2,3,4-tri -0 ac@il - g-lgﬁ hucopyranosyl ur onat e) nor phi n-3-yl1 terephthal ate

20and bis[6-0
2,3, 4-tri-0-acgMEOPF P28 HLOmYTRNAMYIM i RIS Phi dhidtior loft &f egﬁtnghl?«aé@te in

7130/ 63 proportions is obtained. Purification by revers ase

prepai@t i {ErephthaiaiedgP amayO £34/remad) inozrdoropepgene (4 ATEAY rgﬂactergm@wm )
all ows t h?h%zhfeﬁ@tﬁrpﬁﬁk I%)S&rg?%%ﬁt ﬁgyg&f’?&%@?&e b&%ddltlon of methyl 2,3,4-

Bi sf 6- 0- ace nor phi n-
tri- O -acetyl-a-D-glucopyranosyluronate trichloroacetimidate (171 mg, 0.36 mmol)

and then TMSOT( (13 pL, 0.071 mmol).
The reaction medium is stirred for 30 minutes at room temperature.
15 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,SQO4.
The solvent is removed under reduced pressure. A mixiure of three
products: bis[6-O-acetylmorphin-3-yl] terephthalate, 6-O-acetylmorphin-3-yl 6-O-
(methyl 2,3,4—tri-O-acetyI-B-D-gIuéopyranosyluronate)morphin-3-yl terephthalate
20 and bis[6-O-(methyl 2,3 4-tri-O-acetyl-B-D-glucopyranosyluronate)morphin-3-yi]
terephthalate in 7/30/63 proportions is obtained.
Purification by reverse-phase preparative chromatography (95/5 to 20/80
(H.0+0.1%TFA)/CH3CN gradient) allows the three species to be isolated.

25 Example 12- Bis[6-O-acetylmorphin-3-yl] terephthalate




0 in0 WO 2010/ 06700723PCT/ FR2009/ 052445 1H NMR (300 MHz,
.CDCI3) 6 8.30 (s, 4H, CHterephtalate), 6.91 (d, 2H, J 8.0 Hz, H 1), 6.66
(d, 2H, J 8.0 Hz, H2), 5.67 (m 2H H8), 546 (m 2H H7), 515 (m 4H,

H 6 H H9), 3.10 °H H 10a), 2.81 OH H14). 2.67
(H m5 2H, M?&Dﬁ%"’%ﬁ‘ﬁ 6H) NCH3) | (m@ 2.34 (iran) 4H H"(fg'}dFR?P‘l%?ﬁi)“5
2.14-1.91 10 H-15) . 75|sz
170. 4, 163(2] (U:WRﬂ@O@/'H%s@)D&b 1@@@(&3‘%80*&@16!?!#@@1‘%&91 %@HBJ %

Eg%;ere@ga'?%t@)ﬂg 9?‘20% 84%% '3(@6 74@’%%2?}“(96%3?%3@7%0&7&88 !

40.3 (G 154)5351 O4H,0H4T) H- eaosas(pnmw, HR0) asqmmml-l Higm)Resl (thj DR, Mass

(55 1500 ' 8 TS0 4406, ML 23 s 260 ey LB,

2,3, 45trig. %gcmﬂﬂ @D?%gqgﬂq@?syl ur onat e) nor phi n- 3-v1l terephthal ate

201H NVR (30 m 4H, CHterephtalate), 6.89 (m 2H H
1, H1'), 6.65 (m 2H H2, H2 ), 577 (m 1H, H-8) 5.68 (m 1H, H 8),

546 (m 1H Hsl) ymi 3 3}5(%2“&055 5170291692 76=0) Ja0.dT 1335 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-0), 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 (CH5CO).

High Resolution Mass (ES)
- Calculated for CagHaeN2010 [M+H]*": m/z = 393.1576

- Found: m/z = 393.1560
15
Exampie 13- 6-O-Acetylmorphin-3-yl 6-O-(methyl 2,.3.4-tri-O-acetyl-B-D-
lucopyranosyluronate)morphin-3-yl terephthalate
20 TH NMR (300 MHz, CDCI3) 6 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, 1H, 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, OCH), 3.48 (m, 2H, H-9, H-9"), 3.11 (m, 2H, H-10a, H-102),

25 2.85-2.65 (m, 4H, H-14, H-14’, H-16a, H-16a’), 2.52-2.37 (m, 10H, NCHs, H-10b,



5.15 (m 1H, H6), 4.96 (m 3H, H2", H5 H5), 4.86 (d, 1H J 7.5 Hz,
H1"), 4.31 (m 1H H6'), 4.05 (m 1H, H5"), 3.72 (s, 3H OCH3),
3.48 (m 2H, H9, HO9), 3.11 (m 2H H10a, H10a'), 252.85-2.65 (m 4H,

HEP e e P cN;.‘i's*%o)Hk%%Ftiﬁ@@ﬁzm

), R e ol B o i ke

130. 6, 13%,.;6 9.0, 128.9 (CHterephtalate, 0-8, 0-8, 0-7, 0-7', GCipso),
122. 2, -1, C1'), 119.6, 119.3 (0-2, C—2) 993(C—1) 898 88.7
(G5, 05)737(06,727(05)718(C—'or04)710(02

it 5 Sl hin 1Dl il 15
b a1l e e bR e i, Y o s

(ES) - ed for Co5+16 - Found =
530. 1918 129.0, 128.8 E@Hﬂpl’&pﬂ&bt@l@%@&nﬁ Ein -7, C ipso), 122.2, 122.0 (C 1 C-

2,3, 4-t
Cer epht haild 4 158 GV (Wb 3¢-20 ng (61 cg@mm(@@é R (@80 37-%
8.34 (s, {tl5"GHr1.8r(epBt ot ate)), 76.09@-0%, 63H (3-3" 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 (NCH3), 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' CH;CO).

High Resolution Mass (ES) ,
- Calculated for Cs7HgoN2O1g [M+H2]?": m/z = 530.1921
- Found: m/z = 530.1918
15
Example 14- Bis[6-O-(methyl _2,3.4-tri-O-acetyi-B8-D-giucopyranosyl-

uronate)morphin-3-vl] terephthalate

(\)&iozme Meozvf
OAc

Ac

cO OAc AcO OAc

20 'H NMR (300 MHz, CDCls) 5 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, OCH,), 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, NCH;,
25  H-10b, H-18b), 2.16-1.90 (m, 16H, H-15, CHsCO), 1.75 (s, 6H, CH3CO).




8.0 Hz, H1), 6.63 (d, 2H, J 8.0 Hz, H2), 5.77 (m 2H H8), 534 (m 2H
H7), 5.23 (m 4H, Ha, H4'), 5.02-4.94 (m 4H H2 , H5), 4.86 (d, 2H J
7.5 Hz, H1'), 4.32 (m 2H H6), 4.06 (d, 2H J 9.5 Hz, H5'), 3.72 (s,

6H, OCH3) H, 3.11 (m 2H H10a), 2.75-2.60 (m 4H, H 14,
H 16a), wﬁz%‘g"ééé?(%; 10H, NCHS 25H 108P H-16b). 2. 16- 1IPGHFRA009/6pR445 15,
CH300) , 1. 75(Sq3 WD 2010/ 06700725PCT/ FR2009/ 052445

13C NVR (75 MHzC SBMRsV% MHo. 6DGl§084170.60.69.46169.3, 11879, (163®) (Cz6N. 4,

133.7, 7

1T 1580 AT b s EARRlG 39, TSGR oo B2 98,
(0-5"), 717),712200 3C-by 1098 JC-25099.2 (-2")) 886?9&@}- )C78'6 (13- -72 D, (5583876& 9.
52.9 (00- é&é g% 7%6&2&@&%%8\0-' (C— 5.7 (

(0-10), 2 b (C13 @ﬁ%é&%ﬁu(@ng)\/@@s&? (@SKH3), 462 +1e§t)ed

f 1-

Sgg)oﬁﬁgl cg;tgﬁlon [%}Agwlz(?tzz?)r‘re@glzag%g% %ﬁ:l ge )0'26 %#ﬂ%ﬁé@g’)cwm i ng
After treatnment and extraction of the organic phase (chI or obenzene)

bt ai ned f h [ h b i ted off d
reduced 15 pr b BoEBUE Mass, °;?n6223r”§m;1?sﬁ“§?f”?me_ 47.4 ). To

t hi I dded I d wat
(35m1) at 30C, wi i hoaRLEned Br CRHOPDag et iTe) B2 SBTA285T (b cai ned. The
m xture is then coolkeunds 5C. 62.5 m of concent rraize<l 689@256 hydr oxi de

solutjpn (30% mMm are added to 20 this mxture, taking care not to exceed
a tenperature of 5Cin the reactor. This mxture (pH = 12.72) is then

heated at 20C $apodiffedifiort¥ictnd) ihtdifiRtiafld duiaihdcP Heil e -Sglycosides” ™
of hydrochlorlc acid sofutron
obt ai ned £@uPENG 6). The nixture |s heated at 20C and nmintained at this 25
tenperature f H stable at .5 mxture is then filtered
and the filt raé%é'gt;fga#?%ggé ég%oﬁ)été?ﬁtlp&t & m’r%je‘?rgé‘a@uW(SES(‘?@% eNgen® ai n
67.0 g of obtaiheekfroActhe coupling, RREI dHIERbeAReRE 1§ N abBPrdt8Y P Bhabn fddsm t he
saponl fication and acidification
pressure (15 mbar) to obtain a brownish oil (m = 47.4 g). To this oil is added a
mixture of methanol (140 ml} and demineralized water (35 ml) 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 to
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 hydrochioric 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
filtrate obtained is concentrated under vacuum (15 mbar) to obtain 67.0 g of dry
extract.




This residue is suspended in 500 m of nethanol at 50C for 3 hours
.(desalting) to obtain, after filtration and evaporati on under reduced
pressure (15 5 nbar), a residue of 30.8 g conprising a m xture of norphine

anal yzed P f bout 3099 and of MBG (of about 70%. The residue
obt ai ned S@‘Qa"hﬁé’gi"q suspended in 1002Rl of denni ner al PAIdFRRA09/052445¢ he

suspensi on obtained is aC|d|f|ed to pH 3. 58 vmth 98% HZSO4 (2 nt) and t hen
filtered. 106 d&uiifigation caf theqresigch taingdh e afia 2k

Rohm & Ha%@rrggggﬂed to the f||trate (in a wei ght ratlo of 3 rel at| to

t he wei gh ont ai ned according to the estimtion obtained by HPLC).

The het er ogenedins mesitueeist Suspemidleai Fe@00s it off FrRdhaiol 29C5beC &P Binuilres
and t hen f||t { é The operation is repeated until the MG contai ned has
been depl é‘f’% selling) tenabiadb; #erolalioRaNg: evanaralior ander edusar PreRpuED (35

neutral calP G 4P OLR0HY BBTRaRe) ¢ ity BE Aigpffint Riand il i (of

aqueous sa@bout aa°/a)tamt|usfd‘c16tss(oéaaomm%9i under reduced pressure (15 nbar) to

obta|n5690fér %/ S|ds cg i.s identified by HPLC (M5G content of
about 80% h@stesidue, gbtaked previeusip s suspende théOBr@t@audegmaegahﬁe@. due

(5.55 g) i 6 hapol (
W) The et BREING SusPofh PLARed is Wilitied 1B BB MM SR e HAS TR Tl
over 2 hoang.thghdilteradst crystals format 35C. The crystals are

I sol at.ed on a |nt r f unnel en washed h f methanol. After
dryi ngsat 80C t{@ ASH} SOEFB"EGF thepgpgl (Qggém epePmMPany Rejwm & e

i sol at ed. Haassﬂé aédé@tcﬂthéfn@ral@%n d¥etyht7ati&?df 3 relative to the weight of MG
contained according to the estimation obtained by HPLC). The heterogeneous
mixture thus obtained is stirred at 20°C for 30 minutes and then filtered.

The operation is repeated until the MBG contained has been depleted.

15 The resins obtained are desorbed with dilute aqueous ammonia (3%

NH4OH) and the basic solution obtained (pH = 10.9) is neutralized to a pH of about
5 to 6 with dilute HCI.

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 g) is suspended in a mixture of water
(166.5 ml) and methanol (277.5 ml). The mixture is refluxed (90°C) for 30 minutes
25  and then cooled to 0°C over 2 hours. The first crystats form at 35°C.
The crystals are isolated on a sinter funnel and then washed with 5 ml of
methanol. After drying at 80°C under 15 mbar, 2.6 g of pure M6G (organic purity >
99%) are isolated.



HPLC (M6G content) = 98.6% 5Mass (chem cal ionization) = [Mt hi] += 462.2
J3C NWR (75 WHz, CDC1l3) (D20/exchange NaOD) 6 (ppm 0.01 ppm: 129 71,
127.42 (A, C2); 155, 73, 149.25 (03, C4); 98.19 (C5); 111.12 (C'); 85.82
, 85.17, 81.40 (C6, 02 C3', 4, C5'); 68.66 55. 76
10( C16) ; @?%1?@%‘;"} 50.79 (CL7); 48.347(Cl4); 42.80 (cfﬂTiFézﬂﬂ)ﬁM@e&@)
185.30 (CO2H) CLAIMS 1. A process for preparing norphine-6-glucuronide or a
derivative thereof, conprighng ti¥e steps consisting in: 5Sreacting a
conpound correspondl ng to fory (M) below. O R0 OH HO' in which:

Rl represents a carbonyl groug n" in which R5 represents a group
(CrAA) al kane-diyi, (C2-C4)al ke C2-4) al kyne-diyl, hetero(Cl- 10
C4) al kane-di yl, heterocycl o( G Jandbdi , (C5-C14) arene-diyl,

bi (C10C16) ar ene- oxi de- di yI CAQ- CEBY)grene-diyl, or

het er o( C4- Ci 0) ar ene- di ;(/) Sp,g i g which R6 represents a group

(Crat)al kane-di yl , ene_ , (C2-C4)al kyne-diyl,

het er o( Crat) al kans- giyl h@erep yCl §(C3 Co6) al kane-di yl , (C5- Cl4) ar ene-d
iyl, hetero(C4 i W', 1§Crr) ar ene- oxi de-di yl or

bi (QNLCn)arene |é{| ~-Wht TR gl ucuronic acid derivative corresponding to
formula (11) belld® R4%0

HPLC (M8G content) = 98.6%

5 Mass (chemical ionization) = [M+ H] += 462.2 -

PC NMR (75 MHz, CDCl;) (D,Oflexchange NaGD) & (ppm + 0.01 ppm):

120.71, 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 (CB, C2', C¥, 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)




P&-roisiotlasX PGO OPG (I1) in which: 20PG represents an acetyl,

i sobutyryl, benzoyl or pival oyl group, X represents a trihal oacetim date
group, and R4 represents a group (G -C4)al kyl carboxylate, in the presence:
- of an a {1 Eant that is unsubstituted or substituted with one

gr oup (OW §/|° a group (Gi-C4)al B8l oxy, said sol vERT/FR2009P52445
nmelting point of less than or equal to - 20C, and - of trinmethylsilyl
trifl uoromet hanesul f onat e CLAIMS (ii) in reacting the product
obtained in step (i) with a strong basic 5agent, and then

(itii) in recovering the product obtained in step (ii). 2. The
prepar ati on prdcessAasprcd:@S”rédr iprephdngn rﬁorpmn%-glhcuﬂfmt% &0 S ikRivktive 2

conmpound mJIa Rl which Rl 1s as defined in claim1 is reacted
with 10 eﬁﬁ? gompr@”lg/\ﬁ‘erfﬂ%%cﬁﬁﬁﬁh’ﬂﬁ Bonprising at |east water, a strong

basi ¢ mgent and an gy omagd v | L& yted or E’d\éltm ed
with one or nore so z/entsé@ﬁ@@é‘n@b%ﬁ?ﬁ?@?%ﬁ%ﬁﬁé%ﬁo 'I@P n atom a
group (G -C4)al kyl ane gPoRT-QLCL_&4) al kyl oxy, said soI vent havi ng a

mel ting point of |es$§ 3 - 20C.

in which;
R1 represents a carbonyl group, COR5CO in which Rs represents a
group (C+-Ca)alkane-diyl, (C,-Cs)alkene-diyl, (C;-Cas)alkyne-diyl, hetero(C-
10 Ca)alkane-diyl, heterocyclo{C3-Cg)alkane-diyl, (Cs-Cis)arene-diyl, bi(Cio-
Cig)arene-oxide-diyl, bi(C1o-Cig)arene-diyl, or hetero(C4-C+o)arene-diyl,
SOzReS0, in which Rg represents a group (C4-Cslalkane-diyl, (Co-
Cas)alkene-diyl, (C,-Cyq)aikyne-diyl, hetero(C+-Cy)alkane-diyl, heterocycio(Ca-
Ce)alkane-diyl,  (Cs-Cig)arene-diyl, hetero(C4-Cig)arene-diyl,  bi(Cqo-

15 Cig)arene-oxide-diyl or bi(C1o-Csg)arene-diyl,
with a glucuronic acid derivative corresponding to formula (I1) below:
R4
"BRo
OPG

(1)

in which:
20 PG represents an acetyl, isobutyryl, benzoyl or pivaloyl group,

X represents a trihaloacetimidate group, and
R4 represents a group (C1-Cajalkyicarboxylate,
in the presence:
- of an aromatic solvent that is unsubstituted or substituted with one

25 or more substituents chosen from the group formed by a halogen atom, a




15 3. The process as clained in claim1 or 2, characterized in that
.said conpound of fornula (I) is chosen fromthe group forned by: -

di nor phi n- 3-yl t er epht haI ate, - dinorphin-3-yl isopht hgl ate, h20-

di nor phi ny - di nor phi n-3-yl fumar at e, I Mo I n

benzeP\e 1‘@0?#%%#2 e, - d| nor phi n- 3- ¢ benzene- 1, 3- di ?ngrﬂfﬁ%ﬁ@mf)ﬂ“
di nor phi n- 3- yIthlophene di car boxyl ate, 25- dlnDrphln 3-yl

napht hal ene- 2, gf%%éﬁb&@?'éyband i ﬁfﬁ'—lﬂwl(ﬁ‘q@z»)alkw@xyr SRith sohent ehaving a

di nor phi n- 3- ylrﬁgmﬁggwrﬂ%f ssqhﬁﬁ pgﬁ I@Fé‘éjdl nor phi n-3-y1 carbonate.

304. The process as P edi ng cl ai ns,
characterized in tha‘ofmdthgmmduﬂdominéthaﬁyétﬂfddaké has one or nore of the

followi ng characterigtics: - PG represents an acetyl group WO
2010/ 06780730PCT/ FRﬁéo'@/ tRssiing the)@ﬁ%‘fs'ﬁ’é@@ﬁﬂ'@efé '@rf‘é@lp (l)omtmca strongabagioup
- CCNPhEF3, and } dn@RheRents a met hyl car boxyl at e group. 5. The

process as cIaFﬁg I n any one of the preceding clains, characterized 5in
that sai d conpound (fi) ihaeooveridldhe srodathybtathed) ib-step (i acet yl - a- D-

2. The preparation process as claimed in claim 1, in which, prior to step (i),
a compound of formula R{Cl; in which R4 is as defined in claim 1 is reacted with
10 morphine in a two-phase medium comprising at least water, a strong basic agent
and an aromatic solvent that is unsubstituted or substituted with one or more
solvents chosen from the group formed by a halogen atom, a group (C1-Cylalkyl
and a group (C+-Cs)alkyloxy, said solvent having a melting point of less than or
equal to -20°C.
15
3. The process as claimed in claim 1 or 2, characterized in that said
compound of formula ([) is chosen from the group formed by:
- dimorphin-3-yl terephthalate,
- dimorphin-3-yl isophthalate,
20 - dimorphin-3-yl phthalate,
- dimorphin-3-yl fumarate,
- dimorphin-3-yl benzene-1,2-disulfonate,
- dimorphin-3-y| benzene-1,3-disulfonate,
- dimorphin-3-yl thiophene-2,5-dicarboxylate,
25 - dimorphin-3-yl naphthalene-2,7-dicarboxylate,
- dimorphin-3-yl 4,4’-oxybenzoate,
- dimorphin-3-yl biphenyl-4,4'-dicarboxylate, and
- dimorphin-3-yl carbonate.

30 4. The process as claimed in any one of the preceding claims, characterized
in that said compound of formula (Il) has one or more of the following

characteristics:

- PG represents an acetyl group,



¥

gl ucopyranosyl uronate trichl oroacetim date. ~ 6. The process as
.clainmed in any one of the preceding clainmscharacterized in that said
aromatic solvent is chosen from chl orobenzene, toluene, 1,2-

10di chl or , 5-trifluorobenzene and nesityl ene. 7. The
process a?@@ﬁﬁ@g-‘rﬁhﬁany one of the préfeding clainms, cR&TARI09Q62445

that said strong, basic agent is sodium hydroxide. 158. The process as
clainmed in any” '@96?“{'“% afreERdPENIICEi 9t grovar-LAENPhEEE, amd t hat t he nol e

ratio of said g!Ri%b%eﬁtéging%tﬂﬁlgﬁ?’t?c&y\’aqe%frof rmula (I1) to said conpound

of formula (1) is between 97 The process as clained in
any one of 'EhZa precedi ng clainms, characterized 20in that the nole ratio of

the trinethyl sil trifluoronethanesul fonate to said corrppund of for_rrul a
(1l )e i ; bet méenb2¥be&)ﬁ8°%. as clajmeqi any ore af heypreeming:dlaims, athwiractrized

R2 ds R3jn tl se pRG as jned in.claim or_a
2 ands K3 neeRerdd I bidRinee oo, Bedfud'® (f° 85 HEliN%4 146818 dp

glucopyranosyluronate trichloroacetimidate.

6. The process as claimed in any one of the preceding claimscharacterized
in that said aromatic soivent is chosen from chlorobenzene, toluene, 1,2-
10 dichlorobenzene, 1,3,5-trifluorobenzene and mesitylene.

7. The process as claimed in any one of the preceding claims, characterized
in that said strong basic agent is sodium hydroxide.

15 8. The process as claimed in any one of the preceding claims, characterized
in that the mole ratio of said glucuronic acid derivative of formula (ll) to said
compound of formula (1) is between 2 and 5.

9. The process as claimed in any one of the preceding claims, characterized
20 in that the mole ratio of the trimethylsilyl trifluoromethanesulfonate to said
compound of formula (1) is between 2.2 and 20.

10. A compound of formula

25
in which:

R, is as defined in claim 1,



bl

OPG (I'V) 5in which: R4 and PG are as defined in claim1, with the
,proviso that at |east one fromanong R2 and R3 represents a group of
formula (1V). 1011. The conpound as clainmed in claim10, characterized in
that it h e of the follow ng, characteristics

t er epht haﬁ@?%agwgéﬁw at | east one frongérmng R2 and R3 P&ﬂ%@%&oﬁ%goup
of forrrula(l |n\/\/n|chR4|sarre

2,3,4-tri - \c%xz Rp.ig %&lerréﬁb%%ﬂrﬁ@oﬂ%@ Bfcoap defiard iPGIaig drPraRet v
group. as claimed in claim10 or 11, characterized

I n that grOI.yngg@ﬁlfﬁmBHﬁgv group formed by:

6- 0- acetyl nmor phi n- 3-R16- Q- (et hyl 2, 3, 446- 0- acet yl - P- D

20gl ucopyr anosW n hi n-3-y| terepht hal ate, and bi s[ 6-0- (et hyl
2,3,4-tri-0O acetRAQ3" §opyr anosyl ur onat e) nor phi n-3-yl] terephthal ate.
RLis as defined in clai . 14. The conpound as clained in claim13,
chosen fromthg\group formed by:

5 in which:
R4 and PG are as defined in claim 1,
with the proviso that at least one from among R» and Rj represents a group
of formula (IV).

10 11. The compound as claimed in claim 10, characterized in that it has one
or more of the following characteristics:
- Ry represents a terephthaloyl group,
- at least one from among R; and R; represents a group of formula (IV) in
which R4 is a methyl 2,3,4-tri-O-acetyl-B-D-glucuropryranosyluronate group
15 and PG is an acetyl group.

12. The compound as claimed in claim 10 or 11, characterized in that it is
chosen from the group formed by:
- 6-0-acetylmorphin-3-yl 6-0O-(methyl 2,3,4-tri-O-acetyl-B-D-
20  glucopyranosyluronate)morphin-3-yl terephthalate, and
- bis[6-O-(methyl 2,3,4-tri-O-acetyl-B-D-giucopyranasyluronate)morphin-3-yl}
terephthalate.

13. A compound of formula

25 |
in which:



3

-

5- di norphin-3-ylterephtal ate, - dinorphin-3-yl isophthalate, -
di nor phi n-3-y1 phthal ate, - dinorphin-3-ylfumarate, - dinorphin-3-yl
benzene-1, 2-di sul fonate, 10- di norphin-3-yl benzene-1, 3-di sul fonate, -

di mor phi ng3s ' ne- 2, 5-di car boxyl atg, - di nor phi n- 35
napht hal e@%b%h%?boxyl ate, - dinor p%?n- 3-yl4,4' - oxybﬁ?gﬁ%@gmsz“s
;:a(rjlbgﬁgfg n- 3- %% QQSS%%éé‘in‘lcté?nH%‘?r boxyl ate, and 15- di norphin-3-yl

14. The compound as claimed in claim 13, chosen from the group formed
by: ‘
5 - dimorphin-3-yl terephtalate,
- dimorphin-3-yl isophthalate,
- dimorphin-3-yl phthalate,
- dimorphin-3-yl fumarate,
- dimorphin-3-yl benzene-1,2-disulfonate,
10 - dimorphin-3-yl 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-yl biphenyl-4,4'-dicarboxylate, and
15 - dimorphin-3-yl carbonate.



