Dl HYDRCETORPHI NES AND THEI R PREPARATI ON This invention relates to a new
process for maeking di hydroetorphine, to (S)- dihydroetorphine per se as
well as to internmediates prepared during its synthesis. 5

(R) - D hydroet or phi ne (shown below) is a potent analgesic drug. z 10It is
mai nly used in China in sublingual format doses ranging from20 to 180
pig. Conpared to other analgesics it is reported to cause strong anal gesi a
and relatively m|QIRYBRQETORRHINGE AND BHEIR) PRERARAEIONphi ne in
transdernmal patches is also disclosed in JP- 10-231248. As far as the
applicant is aware, however, no such patch is comercially available. 15
D hydroetorphine is a variant of etorphine. (R -Etorphine is an extrenely
power f ul T dhebntisedrelaigs apaeshbet pdeesy ani medking eligydrahiephiant so (- was

devel oped_.in, the 1960s and synthetic routes for | reparatian are wel |
cnown. | BN BE Pestess hbal B b b ER piard i BeT8 N R nesi s o

et orphi ne wherein a Gignard reagent (propyl 20magnesi umiodide) is added
to a thebgj derivative . as sh .below . 2. The results given in Exanple 12
state t hat TRy e Bar GOWE RSl BREH ¥RSTEA8n of the crude reaction
product wth nethanol and that the f3-isonmer could be crystallised fromthe
met hanol i c |iquors when they were di ng},ed with water and the liquid

decanted. The applicant therefore expécted that the synthetic route
Fappl i edHtQ di hydreet or phi ne and t hat

ds found, however, that
propyl magnesi um halide to

e iRexpect edl y hi gh
stereosel ectivity and only . eohker was obtained. 10As far as the
applicants are aware, the & iNiydr oet or phi ne has never been
prepared. There is thergfore™s eoOf0H4anO§?ternative synthetic route that
affords (S)- dihydroetorphine and especially for a procedure that yields
(S)-di hydroetophine in a high diastereonmeric excess. This isomer is
r eq:uq; red ;tﬁ Sy niadt hgcamriecmbm@'uﬁt foymOdt @c}f@shﬁﬁ%ﬁg Stoat egitswl\%;r 8g. 15 The
applicant, has n un rocess that satisfies these needs r eover
appl | cantCHRRrFhathen 3o gy &fF Teaies & Fatheh St BT @ b AN es
usef ul  phaideigeleetieal Ths Qigerdfi 8-ddiydroefonpiang iie Wlabdanal gashes &f bret s.

20Thus vi d from one ct, the inpventjon relates to a process for the
prepar at i \A%SPdH‘ dn@é%ﬁ(sfg’gf A S e(agpgugan&s VG @O‘erﬁé‘Pie\Vﬁgip@@Rt her eof ,
(wher ei n ide@dmanthiiRdvaiaglel ndependently C1_8 al kyl and * represents a
stereocentre, 25preferably a S stereocentre) conprising hydrolysing a
con%%und of formula (V) 3 MeO(V) wherein IRL, R2 and * are as herei nbefore
defined. [Bhairaet@phiberis edvaiane e stobhihdie (B)-Esephing Ny et earemdiheorefgound of

formila (Void Sodi8PETES AR ATHIY o SRR 1Pfad SEBHRA Yo 1480 (1Y)
and synthetic routes for its preparation are well known. Example 12 of GB 925,723, for
instance, discloses a synthesis of etorphine wherein a Grignard reagent (propyt
20 magnesium iodide) is added to a thebaine derivative as shown below:

Me(



(wherein IRL is as hereinbefore defined); 10with a conpound of formula
RRM X)p, wherein R2 is C1-8 alkyl, Mis netal, X is halide and pis 1 or
0). In a further preferred process of the present invention, the conpound
of formula (I1V) is prepared by reducing a conmpound of forrmula (I11) 15
(wherein RL is as herei nbefore de ﬁ%d); 4 wi th a conpound of formula
(1) (wherein P1 is Cl1.8 alkyl). 5 Thus viewed from another aspect, the
present invention provides a process for the preparation of a conpound of

formul a (Wb kesullE gveR @l Ex@mpldari st itva tideimofier is p@dsd updkOinmatiopiai R1 and
R2 are independently C1-8 al kg/l and * r

&S St er it end E5aCIOMPTIGENY N IR "E RO UTEETDR S & Er1S80 i th o
cormpound 1@y therBghaholid kuordwhen they were diluted with water and the liquid decanted.
The applicant therefore expected that the synthetic route described in GbB 925,723
5 could be applied to dihydroetorphine and that both (R) and (8) diastereomers would
result, It was found, however, that this was not the case. Rather the addition of propyl
magnesium halide to the dihydro thebaine derivative occurred with unexpectedly high

stereoselectivity and only (R) diastereomer was obtained.

10 As far as the applicants are aware, the (S) isomer of dihydroetorphine has never been
prepared. There is therefore a need for an alternative synthetic route that affords (8)-
dihydroetorphine and especially for a procedure that yields (S)-dihydroetophine in a
high diastereomeric excess. This isomer is required to confirm the stereochemistry of

the known stereoisomers.

15
The applicant has now found a process that satisfies these needs. Moreover applicant
has found that the (S) isomer of dihydroetorphine possesses useful pharmacological
properties and in particular analgesic effects.

20 Thus viewed from one aspect the invention relates to a process for the preparation of a

compound of formula (V1), or a salt or derivative thereof,

(Vi)

(wherein R' and R? are independently Cie alkyl and * represents a stereocentre,

25 preferably a S stereocentre) comprising hydrolysing a compound of formuta V)



(1) (wherein R1 is G .8 alkyl) to give a conpound of forrmula (111)
(wherein pl is as hereinbefore defined); 5 reducing said conpound of
formula (I111) to produce a compound of forrmula (IV) 10(wherein Rl is as
her ei nbef ore defined); reacting saig conpound of forrmula (IV) with a
conpound of forrmula RRM X)p, wherein R2 is C1_8 alkyl, Mis netal, X is
halide and p is 1 or 0, to give a conpound of formula (V) z 15 R2 (V)
(wherein R, R2 and * are as hereinbefore defined); 6 (iv) hydrolysing

sai d compound of fornula (V) to produce”a conpound of fornula (V).

Viewed froma further aspect the inyefition relates to a conmpound of formula
(VI), or a 5salt or derivative #terein R and R2 are

i ndependently C1.8 al kyl and t %% stereocentre. 10Vi ewed
froma still further aspect thex] 0 conpounds that are
internedi ates in the above- ¢ .® to conpounds of formul ae
(V), (IV) and (111), or wher WX salts or derivatives thereof,
as shown bel ow. 15 wherei xR __aA0~R2 are independently G _e al kyl and the
* represents a (S) or (H° stereocentre preferably Q/)(S) stereocentre. MO

wherein R', R and * are as hereinbefore defined.

5 In a preferred process of the present invention, the compound of formula (V) is
prepared by reacting a compound of formula (IV}

(wherein R is as hereinbefore defined):
10 with a compound of formula R*M(X)p, wherein R? is G, alkyl, M is metal, X is halide
and pis 1 orQ).

In a further preferred process of the present invention, the compound of formula (V) is
prepared by reducing a compound of formula (I1l)
15

yd

O
.ml\it<
Rz

MeQ

(1)

(wherein R is as hereinbefore defined);

in a yet further preferred process of the present invention, the compound of formula (1ll}
20 is prepared by reacting a compound of formutla (f)



RL (IV) 7 wherein RL is C1-8 alkyl. MeO wherein RL is Cl1.8 al kyl. Viewed
froma still further aspect the invention relates to a process for
preparing a conpound of fornmula (111) conprising reacting a conpound of
formula (1) z 10wi th a conpound pf formula (I1) (wherein Rl is Cl_8
al kyl'). 15Viewed from anot her aspect the invention relates to conpositions,
preferably pharmaceutical conpositions, conprising a novel conpound as
her ei nbef ore described. Viewed fromyet another aspect the invention
relates to use of a conpound as herei nbet6re described for the manufacture
of a medicament for the treatnment of papn. As used herein the term "al kyl"
is used to refer to a straight cha ;‘t chic or branched, 5 saturated,

A ()

al i phati c hydrocarbon. Preferred g froups\ present in the conpounds
(11)- (V1) are straight chained o oups./Preferred al kyl groups are of
the formula CnH2,1 wherein n iB : pi ¢al al kyl groups include

nmet hyl, ethyl, propyl, butyl, hexXkl , Weptyl and octyl. Preferred

al kyl groups in the conmpounds ) S ar% ungudbstituted. 10 The conpound
of formula (1) is t hebai n&*and i s commercially aveailable, e.g. from

Tasmani aryiAl kenfiodsd oPloymuidl(er nat i vel y the conpound of fornula (I) can be
prepared according to procedures described in the literature. 15In a
preferred process of the invention in the conpound of formula (11) is
preferably C2.7 alkyl, nore preferab C3.5 al kyl, especially C3 al kyl

(e.g. n-propyl). A particularly p errgd conpound of formula (I1) is
hexen-3-one. It is commercially ayailable, e.g. from Sigma-Aldrich. 20The
conpound of formula (1) is reacted with dljconpound of formula (11) so as to
pr oduce 0 nd ~of mula (111). The reaction that these conpounds
under go ﬁgﬁﬁgﬁﬁgégp?aﬁ%ﬂérred to as a Diels-Ader reaction. The Diels-Alder
readdion may be carried out under conventional conditions known in the art.
The reactdon of co f I ; Ld o) JRN, o | [ e, be
carried ghPSWng fﬁgggggﬁF?Sﬁé ‘Q@?3§ﬁ§%%ééggﬁ9éﬁ%%’ av?ﬁgkﬁggﬁéﬁggpoints

i n excesgrafar@®nef acemprefdeifetyiz(\j). oreshhabferdaiivetrea®dl ). Ethanol is a
particularly preferred solvent. In a ;ypical reacti on between conpounds of
formulae (1) and (11) the conpounds_gfe

(Vi)

10 (wherein R' and R® are independently Cie alkyl and * represenis a stereocentre,
preferably a S stereocentre) comprising:
reacting a compound of formula (1)

MeQ

with a compound of formula (ll)



heated to reflux in excess solvent, e.g. for 10-24 hours. The process of
the reaction 30 nay be nonitored using, e.g. TLC and/or 1H NMR 1In a
preferred reaction 1.2-15 nolar equivalents, nore preferably 1.5-10 nol ar
equi val ents or 2-8 nol ar equival ents of the conpound of formula (II) is
used relative to the conpound of formula (I). In a particularly preferred
reaction about 1.2-2 nolar equivalents, nore preferably 1.3-1.8 nol ar
equi val ents, e.g. about 1.5 nolar equivalents of the conmpound of formula
(I'l) is 35used relative to the conmpound of formula (1). 9 The reaction

m xture is then cool ed and concentrated. The resulting product, a conpound
of formula (111), may be obtai ned conventional work up procedure and
optional ly purified. Purificationfnay, Ror exanple; by carried out by
crystallisation from 5 nethanol @r |sop ?pyl al cohol. More preferably the
conmpound of forrmula (I11) crystallises directly fromthe reaction solvent.
It may opwhasialR'yis Bes albyf tpsdivd 4 torapourTing fqrmnaje/lﬁf the reaction is
preferably at |east 60 0/0, nore preferagbly at |east 65% e.g. at |east
80% The maxinmumyield is 100% The pufity of the conmpound of formula (I11)
is preferably at | east 95% [ Arably at lgast 97% still nore
preferably at |east 1099% e.g. 99. maxi pum purity is 100% Purity
is preferably determ ned using . psefed red process of the

i nvention the conpound of fo of fo la: MeOOME(I11)
15wherein Rl is as hereinbef ; 1: 1 is 02-7 alkyl, nore
preferably 03-5 al kyl, espe s al Byl 59' n- propyl). The conpound of
formula (111) may be r edtscd bY any i t &bl e Known(lifeduct i on reaction but
is preferably reduced using a ogenation reaction (e.g. using H2 in a
20 Parr &@%%@Wi%ﬂsﬁ§g? ﬁ¥?§ﬁ§%& The conpound of formula (111) may,
for exanpl e, be hydrogenated in solvent (e g ethanol) with catalyst (e.g.

pal | adi um on_car bon) under re e of 50 psi H2).
The. vol ueesiore Fmng s ReRURLT LISmRo e pRes i frt 09 oo, 8
preferably 10-20 L, e.g. about 12 L. The ampbunt of catalyst used is
preferably in-the range 10-60 %w, nore preferably 30-55 %w, e.g. about 50

25%M . The reaction may be carried outat a tenperature of 30- 100 C,
preferably at a tenperature of 40-60 e.g. at 50 Cor 65 C At the

end of the reaction, any catal ygt ( i used therein may be
removed by filtration. The prod ct f formula (I1V), may then be
i'solated by a 30conventional ‘he-conpound=of-=f-ormul-a-——u

(1V) is optionally purified. ‘wdShing with a d_g alkane
such as heptane renoves et hg _An_agv y
is, however, that the ceppound f orSrul & (va cangbp used w t hout
purlflcatlon by chronmat ography and/or crystallisation. The yield of the
reaction is preferably at |least 50 % nore preferably at |east 65 % stil
5 I . preferably at least 90% The maximum
yleﬁ% |SRY@%5h4$’%aggﬁﬁﬁﬁﬁﬁkgbé?g?ﬂu la (IV) is preferably obtained with a
purity of at Ieast 95% nore preferably at |least 99% e.g. at |east 99.5%
The maxi fsgﬁdycdn%o%ﬁg% fo?MMat(WIvsztrpée&mﬁamdomtmmammmysumezmmc _
10l n a pre rocess of gﬁlnve I on

t d of f |
of fornulRi:is C(bebkyi M is metal\elp Pilg 1 £& h&} ??%3‘108}%8“@0%&’8”‘%\% | SRl

is C2_7 alkyl, nore preferably C3_5 al kyl, 15espeC|aIIy C3 al kyl (e.g.
n- propyl ) The conpound of formula (IV) is reacted with a conmpound of

N

formula RRM X)p wherein

15

(wherein R', R? and * are as hereinbefore definad);



R2 is C 8 alkyl, Mis netal (e.g. an alkali or alkaline earth netal), Xis
halide and p is 1 or 0, to produce a conpound of forrmula (V). In preferred
conmpounds of fornmula 20RRM X)p, R2 is Cl1-3 alkyl, nore preferably Cl.2
alkyl, e.g. nethyl. In further preferred corrpounds of the formula RRMX)p M
is magnesiumor lithium preferably magnesium Wen Mis My, p is
preferably 1. When Mis lithium p is preferably 0. Wen present X is
preferably C, Br or |I. Methyl nagnesium halide, 25especially nethyl

magnesi um brom de and net hyl magnesium i odide, is a preferred conpound of

compound BIVPTRIERT 9y Ra TR gD R o o Y el y

referred to as a nucleophilic addition reaction. \Wen Mis My and X is

hal i de, Oth ea Lt ihi vy The
i 1 onV PR Bna U aSe g WLULER EFeb o B btk ORI ERALE] et

Pr ef&rredaiﬁ@d&rnam/eahe’enbn aqueous (e.g. anhydrous solvents). An exanple of
a preferred solvent is an ether, e.g. BE, THF or diethyl ether. MIBE or
diethyl ether are preferred. Diethyly®ether is a particularly preferred
solvent. THE is particularly preférfed when a egnmpound of formula RRMX)R

Swherein Mis My, Xis O and p isg2, 745 WS he addition reaction is
preferably carried out at a trrperture i ry
preferably 30 to 45 C, e.qg. : C.a,A

r&hge 20 to 60 C, nore
exce s of the conpound of
formula RRM X)p is preferal I pa(ticular 1.2-4 equivalents, nore
preferably 101.5-3 equi val & of formula RRM X)p is
preferably used relativweto t f or nul &/1{1V). The conpound of
formula (V) may be isol ated using conventional techniques. It may
optionally be triturated, e.g. with nethanol. Additionally, or
al t er nat iyglah Rt A% BOARAtEendtiolC | alkyidra thy) repysdnts p(B)istéreeabyecol um
chromat ography. The conpound of forrmula (V) may al so be crystalli sed.
Preferably the conpound of formula (V) is crystallised with methanol. The
yi ejd of vtéwedr qa61 kOBl Surpreef aspat ;heainvbeiast r@lates; tomoeeppnebetiablaje at | east

=305y e g+ 20=-60%- strl Jmor e refer Y/ orar yietd-is- ¢
100% Th@f?fﬁﬁd@e%‘ﬂ “ﬂ‘hé ﬁ%ﬂo?mg%rshu (C\ﬁw %gﬁ%raeff e'laﬁ‘bﬁ@wmmeast 95%
still norAg gﬂphefmﬁé@l}lpphﬁbld easits 6:93¢rivetigs tlaerebfeastshw Rlog®. The maxi mum
purity is 100% Purity is preferably determ ned using HPLC. The addition
reaction generates a new stereocentre in the conpound of fornmula (V) at

® carbon 19. The configuration of this stereocentre depends, at |east
partially, on the 25 nature of Rl agd R2. Thus both (R) and (S)
stereocentres nay be generated. ocess f Phe present invention nmay

therefore provide a racemc m . "’ff,,co 10 ds _of formula (V).
i 5 pr\ov dés-\a racem ¢ m xture of
R\ &g (S)- dhydroet or phine. 30In

Correspondi ngly the present
conmpounds of formula (VI),

preferred processes of the , && (S) stereocentre is generated at
carbon 19. In particularl y T s redprovcesses, a ( stereocentre is
generated at carbon 19 M¢R a di astereorrerr c excess of’at least 85 /0, nore
pre{5erably at least 90 /0, e.g. at Ieast 95 % or at least 99 % Thus in a

preferred process a conpound of for rovi ded g t@g nce of,
or subst afere Pab%’é’n@% % Inqerpogeny M)%PZBH% esels 84 0032(%?
formul a dcniE Brbdag slt@@@cefnhan 1% wt, stil I m)re preferably I ess
t han O.SEE;%\% orD (%% |sorry‘r/e\érltg)I n a particularly preferred process of the

invention, RL is C3.5 alkyl (e.g. propyl), RRis 5 G.2 alkyl (e.g.
nmethyl) and a (S) stereocentre is generated in the addition reaction at
carbon 19 in a diastereoneric excess at least 85 )/0, nore preferably

at least 90 /0, e.g. at least 9 | east 7@%
.;1\\IEE<

g“l

MeQ

20




Thus in a preferred process of the invention the conpound of forrmula (V) is
of the 10fornmula: MO R2 (V) wherein RL and R2 are as herei nbefore
described, e.g. RLis C,7 alkyl, nore preferably C3.5 al kyl, especially C3
al kyl (e.g. n-propyl), R2is C1.3 qlkyl, nore preferably 012 al kyl, 15e.qg.
met hyl and the (*) represents a stereocentre, preferably a S stereocentre.
In a particularly preferred process of the invention the conpound of
formula (V) is: (Va) 20As nentioned above, the conpound of forrmula (V)
may opti gnaldiryRbie Grysikial |1 sed. In a preferred process of the invention,

t he conpound of forrmula (V) is crystallised. Any conventional solvent may
be used for the crystallisation process, e.g. 01 4 alcohols, water,

acetone, acetonitrile, DCM and MIBE. Mpt'hanol, ethanol, water and mi xtures
thereof are preferred crystallisati _Nsolvents especi al |y et hanol / wat er
and ethanol. In a 25typical crysgta QN progess, an anount of the
compound of formula (V) obtained fi&Q *13 he‘] dition reaction is

[ [ b "8"M\ni mum anount t hereof, and
the solution is allowed to Sf g\ f O, 34-mWs Preferably
crystallisation is carried o _
formula (V) is preferably h 7 -§Mtl amnalkal netal hydroxide to form
a conpound of formula (9. A preferred alkali @ﬁ hydroxi de is KOH An
excess ofnaldipkiistet alkyhydroxi de is preferably used in the hydrolysis
reaction, e.g. an excess of 10-40 equivalents relative to the conpound of
forrul a (V) The reaction may be carried out in any conventional solvent.

Di et hyl eRg.@ldyedth d stilerphef Qéﬂe@ﬂtf&oilnvaﬁ‘bn réicbhe hydoaesy Jorsprepaetdi @n i s
preferably carried out

at HB er at yre in the(%%ﬂg } a 220 C, e.g. about
180- 200 @ﬁmWWé“b96@FB§%UQﬁCWﬂﬂ§ @ﬁ%%i@%aﬁﬁvaﬁn T334 by conventi onal
techni ques, e.g. TLC, but wll typically #ake 10-20 hours, e.g. 12-18
hours. After the reaction is conpl ete—fthe conpound of fornmula (VI) may be
i solated using 15 conventional techr The conpound of forrmula (V)
may be triturated. The yield of t cactToOnNN\i s preferably at |east 40%
nmore preferably at |east 45% sti ¥ erably 85 /0, yet nore
preferably at |east 90 % The , /s 100% The purity of the
compound of formula (VI) is prg W\T€ast 90% still nore preferably
at least 95% The maxi mum pur +00%0 Wur ity i s preferably deternined
using 20HPLC. The conpoundfe®f fornula ( ) may al'so be crystalllised.
Preferred solvents for use in crystallisation are AcCN and MIBE. Mre
preferably the conpound of forrmula (VI) is crystallised froma G _4 al coho
andf®or watitera, comppunéphierodiagdiid/ or et hanol /water. 25 In a preferred
hydrol ysis reaction the stereochem stry of each of the stereocentres
present in the conpound of formula ( is retained. Preferably the conpound
of formula (VI), e.g. 19-S-di hydroe phine, is provided in the absence of
or substantial absence of the (R)qisoner’. Preferably less than 1 %, nore
preferably less than 0.5 30%wm, still preferably | ess than 0.01%u
(R -isoner is present. Thus in a referr@g process the conpound of fornula
(M) is: 14 HO

{wherein R' is Cy5 alkyl).

15 Viewed from another aspect the invention relates to compositions, preferably
pharmaceutical compositions, comprising a novel compound as hereinbefore

described.

Viewed from another aspect the invention relates to compounds as hereinbefore

20 described for use in medicine (e.g. as an analgesic).



R2 wherein R1 and R2 are as hereinbefore described, e.g. Rl is C2.7 al kyl,
nore preferably C3_5 alkyl, especially 03 alkyl (e.g. n-propyl), RRis C _a
al kyl, nore preferably 01.2 alkyl, 5 e.g. nmethyl and the (*) represents a
stereocentre, preferably a S stereocentre. Preferably the conpound of
formula (VI) has a purity of at | edst 99% e.g. as determned by HPLC. In a
particularly preferred process the conpound of forrmula (VI) is: The
conmpounds (V) and (VI) hereinbefore described may be converted into their
sal ts and/iglesd wainl ?/ @saiithdreadpecy tres imvehiiork ndatesi o tdee ohra cBmppwrd edl sal ts

phar e Deraege g% BEd i 4t meaTR U T RS TPV R AR S aln  res

occurs in srrall anounts (e.g. <5 %w) is the 6-hydroxy conmpound. This is

produced (f, Lie INE0l Yol il eactdal, AGlb Latald GNLOLYSES, bhgcfedret hoxy

group. THE sol-at St al PiSation.
20Prsef er rsamirgedj t@p{@:{te hlybmsa*bbhaf’rafem@d alkyl gmdmscﬂre@ntml thetbmpoindsridss and

i f the d f
L abl e (ofts SRt BFBS ARy oy ERoPREsi Y DY 4 oflE iR Erfiee L Lo
pr ef er r edvheRépneisentoad.i Tepiealaatiyl @soum isGliides matill, Latlylt h@@é‘ gelyl, \W@GWT r om
| nor gani ¢, 24! f8 @{‘gﬂdaﬁqtgydw% r86'&t§ﬁcgrgﬁ pd AT BRI oy AEE dun Anglrpt odil ©

acid, su am c acrd oric acid an acid, and
t hose 25desiubstithitdd: om or gani ¢ aci ds such as p-tol uenesul fonic acid,

sal hcyl ic acid, 15 nethanesul fonic acid, oxalic acid, succinic acid,
citric acid, mallc acid, lactic acid, fumarlc acid, trifluoro acetlc acid
and t he Mihkecorfvendodifbinuda i(Bris dhelain and is commescialls availaple. £.9. kM| que

wel | knoyn ag&gmahgﬂa?o.cgs tP‘i’){Oﬁﬁé}h&;dgmg‘%ﬁ’]p@m{ébF%‘erngi)CééﬁrﬂeC@rhpérbéb' lity,

hygr oscopi Tty of conpounds Preferred
corrpoundacocirdingeopmv@weml\eﬁr!bect@r’fb%ljﬁ@éw@f formulae (M), (V), (1V) and
(I'11) as described above wherein RL is preferably C2.7 aI kyI nor e
preferably C35 al kyl, especially C3 alk n-propyl). In preferred
conffoundsn afpr@fewmpmexmf)thameomn RRp t?{%cwpgunﬂ fyfprmiia Kb s Pefespalyl y C1, 2
al kyl ( t )NV RHaHRAlarly he
stereocercligr?emi{’ %é? @gm %I (e\albémﬁ?g%rée& Qég Eﬁﬁ%@‘of fg)tranul a ;(’VI) is a
conpound pofferfrest n@m:aourqd@f fﬁlzm(févii g5 hea&@%ﬁé’ﬂéi nit ﬁlcwmewlié@éa'?«? “hé&%i nbef
ore descrj 1&1%ﬁgdric'ﬁl is 02.7 alkyl, nore preferably C35 al kyl, especially
03 al kyl Fe 9> n-propyl), R2 is C1,3 alkyl, nore preferably 01-2 al kyl , and
the (* ) represents a (S) stereocentre.

20 The compound of formula (I) is reacted with a compound of formula (i) so as to
produce a compound of formula (l1). The reaction that these compounds undergo is
typically referred to as a Diels-Alder reaction. The Diels-Alder reaction may be carried
out under conventional conditions known in the art. The reaction of compounds of
formulae (1) and (ll) may, for instance, be carried out in any conventional solvent.

25 Solvents having boiling points in excess of 60 °C are preferred (e.g. methanol and

ethanol). Ethano! is a particularly preferred solvent.

in a typical reaction between compounds of formulae (I) and (ll) the compounds are
heated to reflux in excess solvent, e.g. for 10-24 hours. The process of the reaction
30 may be monitored using, e.g. TLC and/or "H NMR. In a preferred reaction 1.2-15 moiar
equivalénts, more preferably 1.5-10 molar equivalents or 2-8 molar equivalents of the
compound of formula (/) is used relative to the compound of formula (i). In a
particularly preferred reaction about 1.2-2 molar equivalents, more preferably 1.3-1 8
molar equivalents, e.g. about 1.5 molar equivalents of the compound of formula (i is

35 used relative to the compound of formula (I).




A particularly preferred conmpound of formula (VI) is a conpound of formula:
Furt her preferred conpounds of the invention are those that are
internediates in the preparation of conpounds of forrmula (VI). Thus ot her
preferred conpounds of the inventi Qn are conpounds of formula (V-9):

(V-S, V-1IR wherein R1 and R2 are as hereinbefore described (e.g. Rl is
C27 alkyl, nore preferably C3_ 5 alkyl, especially C3 alkyl (e.g. n-propyl),
R is Cl-3 al kyl, nmore preferably Cl- 2 al kyl), 5and the (*) represents a
(S) or (R stereocentre preferably a (S) stereocentre. A particularly
preferre und of for [ 0 Th iFrdrb@ict pref erred
i ntermedq 08 @8%8 of tgi?d ?ndr %ﬂ?&m 9\9; e resu I| %)F;ras Cshown

bel ow 15orhdb&3ndd>f\lar)ﬂulawl (rrzlambﬁ) obiafneMydae@wenmabwgveup PREcBAFBENds of
formula (L1 fLil by karEBbuPYy BryDlgkstdN Fe

reacti on% '%i‘”’ép%r d'%l[é":g[%?1 ?’& eﬁ@ﬁie E}(é} rreactul 0¥1 ry(%)!rrrils a 5further
aspect ofndtimol mremwropyt Hoeoliadr eMase preferadly aihe eamprngi Abdearda dBdcri bed.
The conpoun t A NRWEVSHibOAE BESRSrysTHIBe8OMROUNdS
(VI-9) ngsgaﬁzggi gtr&% {O?,?E@ reh&ﬁ%[ﬁg‘l\%otn |rmy“ﬁ{I F’y chi rayl ity of the known
di hydr oety@idobii the rgactidads preferaiely @b iast 69 fle Wﬁﬁlﬁﬁfﬁﬁ%ﬁyo?t lepdt 65 r{veﬁ‘rﬁ i®n in
this way, gﬁ%@ﬁ%%@gywﬂwﬁs%wzw i) Bthe bombOUAGIGinnAL LRfis The

conmpounds e invention are al so useful g q

pr epar at |poaierabiy($2)ie%ﬂf 190, caerer praferrbly @hicght P €%k SEWAIOS PHRIGEOY s IBfst

ph ceygl r ver pLAg i€ preReEN ¢ Serimined tuhge
(v?hga, %b/ ?%%ée f%f@@xmnmwpwﬂ ;ﬁgggeC|a Iy915congounds of fo?nula
(VI-9), mﬁ%ﬁbe i ncorporated into conp03|t|ons pref erably pharmaceutica
conpositions. Thus, the present invention also includes pharnaceuti cal
conposi tions conprising a conpound of the |nvent|on h relnFefore

descri bedn g erejerresprpernacs ther inyasvian (gecqmporag of oMy ( ? ‘??{)To &) and (111),

especially (VI-S)) and one or nore phar/mslceutl cally accept abI e carriers.
The conpounds of the
.m\\\|<
RT

OMe

()
15 wherein R' is as hereinbefore defined, e.g. R'is Cz alkyl, more preferably Cs.s alkyl,

especially C; alkyl (e.g. n-propyl}.

MeO

The compound of formula (i) may be reduced by any suitable known reduction
reaction but is preferably reduced using an hydrogenation reaction {(e.g. using M:ina

20 Parr vessel or hydrogen transfer). The compound of formula (ilf) may, for example, be
hydrogenated in solvent (e.g. ethanol) with catalyst (e.g. palladium on carbon) under a
pressure of hydrogen (e.g. up to 50 psi Hp). The volume of the reaction is preferably in
the range 5-80 L, more preferably 10-20 L, e.g. about 12 L. The amount of catalyst
used is preferably in the range 10-60 %wt, more preferably 30-55 %wt, e.g. about 50

25 owt. The reaction may be carried out at a temperature of 30-100 °C, preferably at a
temperature of 40-60 °C, e.g. at 50 °C or 65 °C.

At the end of the reaction, any catalyst (e.g. palladium) used therein may be removed
by filtration. The product, a compound of formula {IV), may then be isolated by a
30 conventional work up procedure. The compound of formula (V) is optionally purified.



20i nvention, e.g. conpounds of formula (VI-S) can be present alone or in
conbi nation with another active ingredient in a conposition. The
conpositions, e.g. pharnaceutical conpositions, of the invention nmay take
any conventional form Preferably, guever, t he conpositions of the
invention are 25 prepared in a dosage formsuitable for transdernal

adm nistration. Alternative preferred conpositions of the invention are
prepared in a dosage formsuitable for parenteral, e.g. intravenous,

adm ni st IFat Inmancel&zatshnsg umttaadctmathanéteucmchsvhemm@ serpdwsdetyerdanfn The term

"transder nded t r e.
admi ni st Iaga ?’B?‘peof’ F"ﬁ y@B‘I‘PSB%n fegeﬁﬁehﬁﬁ'g@% ?@t tﬁ%%ﬂgﬁﬁrﬁ%ﬂaﬁaﬂnghccal
vagi nal , ztvecchalt)e ssecf wmtmtmfpuaﬁnatmmlbw c:tmhatsgraphmandtor;@a@wg;at@ﬂ od§h the
nmucosal and oS ran | dosage
forms of ¥ teffg%{ﬂe/&emci i, T prquraég/%tgéagygé o nIBIé)?fefér%Ig%fneeét r?éuoi%hgfggiff?l es)
Sprays, aestaablyss %ra&frmorelmefembs/ atdéast EI@%t sThegepymugoyieltiohddemifsi ons,
suspensi ons, or . of he for k t tose/P088g€ for ms
sur {abi e cPapories &t PG RILs PPERLNCaRaRe R G gl et oo e
f or nul at exbfembtymjttdmaﬁa%s e@r aa®a§09%5°ézI H‘@I @axwm Rty i #RRYed T4 Sdosage
forns |ncI r r "matrix type" patches, which can be
appl i ed £ gr%giycﬁﬁr[nﬁtn us%ﬁrﬂ?lbc? a specific period of tine to permt the
penetratl on of a desired amount of active ingredients. Suitable excipients
e fy carrier s, anfdldienlosloaiRt MeEniBR! el driaduRatoradiinite (HHGd dr0 15
pro de transder sage forns enconpassed by this invention are well
known t o ferhese ski I I ed in the pharmaceutical arts, and depend on the
particular tissue to which a given pha ceutical conmposition or dosage
formw Il be applied. Wth that fac m nd, typical excipients include,
but are not limted to, water, et hanol ,oethyl ene glycol, propylene
gl ycol, butane-1, 3-diol, [ . e, opropyl palmtate, 20
m neral oil, and m xtures ther &S or tnw s, tinctures, creans,
enul sions, gels or ointnents F -t oxi g.and pharmaceuti cal I y
acceptabl e. Misturizers or ear
conpositions and dosage forps_if _de i sed
ingredients are well knewa in tFfe art® 2§Depend| ng(lén the specific tissue
to be treated, additional conponents may be used prior to, in conjunction
with, or subsequent to treatnment with the conpounds of the invention. For
exanpl e, wpRRSH FAtid 65 herirbeies slelied, bey. R éel Cr.o akgls imprre preferablyverialy!.t he
conpound to tggjéﬁ@‘ I'& Sui ta Ie penetration enhancers include, but are not
i MY ed tGPEARL 3i"08P4] cohol s such as ethanol, oleyl, and
tetrahydrofuryl; alkyl sulfoxides 30 such as dinethyl sulfoxide di net hyl

acet am d di net h ch as

pol yvi nyl ool ihe! BTG ARLNELOmA B oY Shusnps g 2

vari.ous \Rtier: §alkylbl\fetsmetair(etgl ah bikak ugalkalé@tw@ @@I@h Xis mlidegng@ is 1

(pol ysor bat €y 80 I n h a

phar mace® i%dP %8%% ?t Qné gsfgﬂn%@ém %??Q?%f)eco{tnpé@qudeg t@foﬁ}m?%h t he

phazgraceR*MEH),, t@hgmsaﬂ(ybmompr@tﬁa@ecf‘ oalyli ¢ gappiived, may al so be adj usted

to inmprove delivery of one or nore active ingredients. Simlarly, the

polarity of a solvent carrier, its ionic stren th, or tonicity can be

adj ust ed i durir osferree lcoupoyndsCoirbeLiensulasR MXh Meis Spagnestas ot dRivAbso be

added to r Jf OF MRhé P MY RA gsly

alter th %}8@5& gé*‘%ﬂy or &Mﬁ)%ﬁ%l 'sqﬁéf?%?ﬁtepoiwrr%re act i vgg?)(r)l redi ents

so as to prefpmbtyeo détwhmepyesenhxt!mpgefﬁ@@&r |, Bit®adr abledyc BRoBeyYR "edde | pid

veh Ie f I gREIH i®ids UE agiemnled and as
i vere;%'[)"’ed;rllﬂ&n’]ﬁ&rhg?‘| }n%hée)"lrpem ﬁ?ﬁ%ﬁ%h@ﬁ@%gﬁagent Differ eﬁ?ﬁsal ts,

hydr at es compsuohdaftfegnigs RFM@)&@%I@OI&%WW BROBPTEM OHIER used to furt her

adj ust the properties of the resulting conposition. Oal gels for

subl i ngual adm nistration of the conpounds of the invention (e. conpounds

of for nulThe rexetios)of t%ﬁomeowe?fatpww\fr)n‘w@C@%@O%r@gﬁﬁw' 'I‘Igﬂmté or 15

mor e sui t%l? fhy §&6HRY ?J‘ééa'nDEIlebiSHJIIEQacfdrt%HQHédtIBB FOM M is Bgrpest Isd’fah@@, for
rectal aci tratl on of the conpou t he invention éﬁa{iﬁo% pounds  of

f or Bl ae tl@a/reae)tqn isavitepaeieriedp &8 309“%@315 ﬁadtt% & BApadHeD abl e
exci pi ent such as cocoa butter, salicylates and polyethylene glycols.
Formul ati ons for vagi nal adninistration can be in the formof a pessary,
tanpon, cream gel, paste, foam or spray formula 20containing, in addition
to the active ingredient, such suitable carriers as are known in the art.
For topical adm nistration the pharnaceutical conposition conprising the
conpounds of the |nvent|on can be |n the forntof creans, ointnents,

Pg— e e

anpl es of such additional



20 Thus viewed froma further aspect, the invention provides a conpound as
her ei nbef ore defined, and especially conpounds of formula (VI-S), for use
as an anal gesic, wherein said conpound is adm nistered intravenously.
5Typically, conpositions for intrayenous adm nistration conprise sterile

i sotoni ¢ aqueous buffer. \Were necéssary, the conpositions can al so include
a sol ubilizing agent. The ingredients nay be supplied either separately or
m xed together in unit dosage form For exanple the ingredients nay be
suppl i edcaeparcat e ﬁn&&o&v@ﬂ@naiymdﬂanh Fudfepedosnivenis Ak Ben-paROUsdRdent r at e
in a her rre,%){dﬁal l%) eq\ncecg& 16 a Fef re Avéw@tsagﬂf’@{h@r Qarg W@@tT@F
|nd|cat|ﬁ5 é yof aC|vea and as an anpou of sterile water
or buffepr ﬂ@thymebheng MJTrBEpr tiethydethai Slter prefesred. AIDletiWhQ’thﬁ(/é?I ¥ pefisu@posi ti on

y be supplie g@}p n (e.g.
corrpoundgpeg efdd?o%eln e?%‘%ﬂ ?ﬁ&;lé@f%ﬁ"gfe—gﬂgg In Q%@“ﬁ%ﬁdﬁfggm{j@/ﬁ%?ﬁ provi de
analsgesi ahefBireMds ¥s Xa$ Ctarthoisrids ysedui red will be dependent, for exanple,
on the subject to be treated, the severity of the pain to be treated, the
conmpound used, the node of administration etc but will be readil
det er m né@te lat;ddmhmwcgkm i9 praferably parrigd put 20T REEPYRRNRE PRSI ?Qnt‘{ﬁ%r aspect
the i nventiqn.Ppavdday @e@w OF. LRAEENE, 3 ARUBICESS of SeShoriBbamBlal i n need
of pain rel i ef onpri mnistering to said subject ather?%@tlcally
ef f ect i véoramtuRIMOP, & ftff@ hn dsets H‘ep@gﬁtﬂ@f bt GEYINFIPHEITPE B b pound
of r mul I faByN@el h@btiventosh@ndar d
te 1{02 fop%n%ué%@%% %gn@ﬁrﬁgﬁfﬁﬁﬁfpgﬂm%ﬁé?ﬁ?}e %HE nor S-DHE i nduced
nausea oroRsew efiferguilan(ldi. mi | ar dose ranges as used in the tests described
bel ow. The conpounds of the invention are particularly useful in the

treatment of nociceptive and neuropathi ¢ pain. 30The invention wll now be
descri bedhaicomppendpelegauladVi may 8] ’$%§Wﬁg‘sﬁﬁ‘8ﬁqn¥?ﬁtpﬂﬁ|&Weét TRE Fi gures

wher ei n: ewikii VR s Regdditonkfy, of BieraditleS)heldd d
Propyl di h %ﬂﬁg%ltrﬁn@%\@ E{%\é\%}'ﬁ ancgl18 showntﬁye X- ;%rg stegyﬁct rgnpgfun R)-19

Pr o‘;fyl di o} trsulaci Ay b@srw@a@ 8% C&*Uﬁﬁ&%o@%‘@wqpﬁ& &M o fPEmy (S) 19

Propyl di Z‘V%@%%‘é‘ &Ql: s@hiskd 9 wrgeraBi d c?mﬁmvw tolﬂﬂbr%rufaaW)Si chtaliised of
(R) - Di hydroet

r phi ne |gures B and s B gﬁgjructurej [)1 i
(S) - Di hysitberashansl-nEheigiarad *%r@ﬁ*éﬂns'stp a dRas PTBPEPPRYA he
chiral caapag <pr £3e0b- elo% R nﬁiﬂé’p(’eﬁérab@ a@wdageasefs ph‘haanspﬁmgmr gieldlid to show
ti me-course curves foll Q}% intr vene(? ﬁ/adm |sk'gira %?s % ( Ore(S) DHE
or a reféﬁ%ﬁ’eeﬂ@rp%%ﬁéhﬁ’? P BUIEEN OF Betqa0ly 5t PRt R FOSE P esponse
curses f oldroabRht iidHst @g%n@@s aﬁ!@mtm%‘ﬁ pat Tien mekinUR) pority (<S) OMKE Parityas
reference or coO arator su z_;%) (FI gures 18 to 23 show the effects of

or

i nt r aven®iierghii Feé'inl‘”éfjluéwg S) DHE or a 1Oreference or conparator
substance in the Spl nal nerve Ilgatl on nodel of neuropathic pain EXAMPLES

15Preparati on of - Di hydr oet or e Sta (el
React i on 188 ggagon iPhe ”efﬁtgﬁéﬁ %g%eog?rggq Q&h%g?r%pﬁe@eﬂqémﬁ%w na?a
sol vent agmehed. f resl cbrﬁhg@hﬂzoh&iﬁhi@s edreveeand dmpan@;l a dBaSEf)ﬁiﬁlﬁ“Y Ahttee an

t ht of ht th
o re SospoPhradnoTie Taspt i) B gnb i EERL At St SRes, 30, Lle
(1 PAC) anpghowas herd i td‘rlesﬂelhi hynebnded | roay cthaefate splovideon. racaeazcaahimuce |ddyers

nere compounds of formula (V). Correspondingly the present invention provides a racemic
mixture of compounds of formula (V1), e.g. 19-(R) and (S)-dihydroetorphine.
30 In preferred processes of the invention, a (S} stereocentre is generated al carbon 19.

In particularly preferred processes, a (8) stereocentre is generated at carbon 19 in a
diastereometic excess of at least 85 %, more preferably at least 90 %, e.g. at least 95
o or at least 99 %. Thus in a preferred process a compound of formula (V) is
provided in the absence of, or substantial absence of, (R)-isomer. Preferably the




25 conbi ned and washed with I PAc then basified with sodi um bi carbonate
solution and finally extracted into dichloronethane (DCM. The DCM | ayer
was evaporated to give a yellow solid. Table 1 - Summary of Experinents,
Stage 1 Scale ConditionsTenperlts 22 C) 500ng Benzene (20vol s)
Hexen-3-one (2.0 nol eq) Ref lux Oveérnight reflux gave approx 40%
conpletion 4.5g Methanol (10vols) Ref |ux 68% conpletion by NWR
Hexen- 3-one (2. 0nol eq) 4.5g Ethanol (10vols) Hexen-3-one(7.5nol eq)
Ref | ux >85%peumpbdidbiraualiy) NMRovid@dmits dsst tban yided. stilspregoreferabiblesas t he
d yield of product was 70% as a |ight yellow

sol vent, _the final . i$0
solid, af*{aé‘fo-%&"&-%@é%%ﬁ%he quality by 1H NMR | ooked very good. 5Stage 2 -
Hydr ogenati on Reacti on Schene

In a particularly preferred process of the invention, R is Css alkyl (e.g. propyl), R%is
5 Cie alkyl (e.g. methyl) and a (S) stereocentre is generated in the addition reaction at
carbon 19 in a diastereomeric excess of at least 85 %, more preferably at least 90 %,

e.g. at least 95 % or at least 99%.

Thus in a preferred process of the invention the compound of formula (V) is of the

10 formula:

wherein R' and R? are as hereinbefore described, e.g. R' is C.; alkyl, more preferably

Css alkyl, especially C; alkyt (e.g. n-propyl), R® is C1.5 alky!, more preferably C..; alkyl,
15 e.g. methyl and the (*) represents a stereocentre, preferably a S stereocentre.

In a particularly preferred process of the invention the compound of formula (V) is:

(Va)

20 As mentioned above, the compound of formula (V) may optionally be crystallised. In a
preferred process of the invention, the compound of formula (V) is crystallised. Any
conventional solvent may be used for the crystallisation process, e.g. C;. alcohols,
water, acetone, acetonitrite, DCM and MTBE. Methanol, ethanol, water and rnixtures
thereof are preferred crystallisation solvents, especially ethanol/water and ethanol. ina

25 typical crystallisation process, an amount of the compound of formula (V) obtained from




Met hod 10The 19-propyl thevinone (4.1g) internediate fromstage 1 was

hydr ogenated in ethanol (60nl) using palladiumon carbon (1g; 10% under a
pressure of hydrogen up to 50psi. The tenperature of the vessel was

mai nt ai ned at -50C and the pressure, mai nt ai ned at 50psi until no further
upt ake of hydrogen was noted. The Catal yst was filtered and the sol vent
renoved by distillation under vacuum Isolated yield was 91% in total,
15giving a 3.8g of product Table -2 - Sunmary of Experinents, Stage 2 Scal e
Condi ti ofs &eithnCE)ctiGoiseinsavet! it ghetiemeolsolveohibyeiggbipd CiNiMEmyansBet - 91%

i solated yield 23 hydrogen (5 3- i g | tipRidReaet i on
Schene ! ’h@ﬂglg'-e 5?@%@/{'d§’ h%@?%%jhg{/ias%%ﬁé ?g Jgg%rzgp%uct) was di ssol ved
i n di et hylysetibation(i8banviet! syt atMtihGI°Creagn@4idm broni de (92.6 nol. eq.) was
added to this solution over 5 mnutes at 20-25 C (small exotherm. The

resulting mxture was then heated to -40 Cinternal tenperature for -2
hourss, b&herempaoid sidorands () émpriefargohwhydiokaemwitt an aHeb Medd NYFeYIPaEe on. The
mxture yas extracted - Ry NG hiD M 9RBEdxideA¥ KSHEVAPOT at ed
in vacuo\{\g{a}’("J1 %ic\‘f@%éur\%dg%&tﬁwé {WiTg\)Pr—e&% Su.m*rar%/1 gﬁeExperi,rrents, Stage 3
15 24 excess of alkali metal hydroxide is preferably used in the nhydrolysis reaction, e.g. an

excess of 10-40 equivalents relative to the compound of formula (V). The reaction may

be carried out in any conventional solvent. Diethylene glycol is a preferred solvent.

10
The hydrolysis reaction is preferably carried out at a temperature in the range 150-220

°C, e.g. about 180-200 °C. The progress of the reaction may be monitored by
conventional techniques, e.g. TLC, but will typically take 10-20 hours, e.g. 12-18 hours.
After the reaction is complete, the compound of formula (VI) may be isolated using
15 conventional techniques. The compound of formula (Vi) may be triturated. The yield of
the reaction is preferably at least 40%, more preferably at least 45%, still more
preferably 85 %, yet more preferably at least 90 %. The maximum vyield is 100%. The
purity of the compound of formula (V1) is preferably at least 90%, still more preferably
at least 95%. The maximum purity is 100%. Purity is preferably determined using

20 HPLGC.

The compound of formula (VI} may atso be crystalliised. Preferred solvents for use in
crystallisation are AcCN and MTBE. More preferably the compound of formula (VI) is
crystaliised from a C. ., alcohol and/or water, e.g. ethanol and/or ethanol/water.
25
In a preferred hydrolysis reaction the stereochemistry of each of the stereocenires
present in the compound of formula (V) is retained. Preferably the compound of
formula (VI), e.g. 19-S-dihydroetorphine, is provided in the absence of or substantial
absence of the (R)-isomer. Preferably less than 1 %wt, more preferably less than 0.5
30 %wt, still more preferably less than 0.01%wt (R)-isomer is present.

Thus in a preferred process the compound of formula (V1) is:




Stacie 4- Crystallisation of (R) and (S)-19-propyl di hydrothevinol In order
to prepare a single crystal of high quality for x-ray crystall ography, a
series of experinents were run in nany solvents to determ ne the best
solvent system for 5growing a single crystal of 19-propyldi hydrothevinol.
The experinents are sunmarized in ﬁgble 4 bel ow. The R-enantioner was
prepared using an alternative nmethod. In general the crystallisation nmethod
used was as follows: a small anmount of solid 19- propyl di hydrothevi nol
(obtained from Stage 3) was dissolved i# just over the nini mum 10amount of
solvent. The solution was allowed tg tand for up to 3-4 days and the

sol vent renoved by filtration or 0 |n+or@er to isolate single
crystals. Table 4 - Summary of _
each of the diastereoners are _s§ . y \ St age 5- Hydrolysis
of (S)-19-propyl di hydrot hevi ] i 2 25 Method 5The
(S)-19-propyl di hydr ot hevi nol : i i i
glycol (17 vols) and treatee { um'daedr oxi de (-20 eqgs) and heat ed
to -195 C for 12-18 hourd® After thls time, the reaction m xture was cool ed
to roon1tenperature and quenched |nto water (40 vols). The resulting

[ uti di fi i lid i I h
i xtur o SFert RLENGRE freen e ko Bes Setts s hd 1 OF CoraRie ol bERrAIL, 5 s
vver e evap}ggag@gi efgrs]ecieagmg alkgi ?ag;[rupte;tayj) ,IR® (| fps abkyl, mr@/bmfmlmlyﬁ« » B, pur: t)é
ncr repeat.ed tri u w sol i
T g et e M S Yo Sl IR0 VL st o

recr yst alprétaediyf thenceeyeural of ébroeid §Virithsc aystray sofwar @aetbﬁa%neﬁdg f E@m
15acetonitrile. Th onere used for X-ray crystall ographic studies.
R-enant i GREM \Nﬁgb%%%il hed using an anal ogous reaction. X-ray
Crystal |l ography Studies 20 All X-ray crystall ography experinents were
carried oqut on rd X Jractoneter or a Nonius
Kappa dl? ?83?‘8%’?%?@%&?{! @F&é%k%e% Irugd ﬁ@ﬁ%ﬁm%w denum K al pha X-ray
sources and CCD detectors. 25(R) ane” (S) 19-proov d hydr ot hevi nol Sever al
batches of both (R) and (S) 19- gpyl di hydr ot hevi nol were submtted for
X-ray crystall ography. 26 5 and :3\ show/the X-ray structure of
(R -19 Propyl di hydrot hevi nol/. R ray i/ can be clearly seen that it
has the (R)-confi gurati on_a > sisgan be assigned with respect
i B) -configuration fromthe
5N y romfigure 3, where the

hydr ogen atons are show saff b¥® seew: t hat the agrogen at the 7
posiGion is on the séffe face as t he hydrogen at posi®i®n 5 (next to the
furan ring), giving the conflguratlon as (R) 10l n this way all of the
chiral carbons have now been assi % and, are d C n. Fi qure

The compounds (V) and (V1) hereinb fore descrubed may econverted into their sa s

and derivatives by techniques well known in the art.  Preferred salls are

pharmaceutically acceptable salts.  Preferred derivatives are pharmaceutically
15 acceptable derivatives. A derivative that sometimes occurs in small amounts {e.g. <5
% wt) is the 6-hydroxy compound. This is produced if the hydrolysis reaction
additionally hydrolyses the 6-methoxy group. The 8-hydroxy derivative may be isolated

by recrystallisation.

20 Preferred salts are those that retain the biological effectiveness and properties of the
compounds of the present invention and are formed from suitable non-toxic organic or
inorganic acids. Adid addition salts are preferred. Representative examples of salts
include those derived from inorganic acids such as hydrochloric acid, hydrobromic acid,
hydroiodic acid, sulfuric acid, sulfamic acid, phosphoric acid and nitric acid, and those

25 derived from organic acids such as p-toluenesulfonic acid, salicylic acid,




Table 6- QG her Information (R)-1 9-Propyl di hydrot hevinol Property] Val U0
Symretry cell setting Monoclinic Symretry space group name H M P2(1) Loop
symmetry equiv pos as xyz 'X, y, z"-x, y+112, Cell length a 11.0464(6) Cell
| ength b 12.4554(7) Cell length c }56 2271(7) Cell angle al pha 90.00 Cell
angl e beta 98.481(5) Cell angle ganmma 90.00 Cell volume 2208.2(2) 15
Figures 4 and 5 show the X-ray structure of (S)-19-Propyl di hydrothevinol.
FromFigure 4 it can be clearly seen that it has the opposite _
st er eoc hetatisdneyuifvhic( 50id, ot i apit, atuicdnicaacid agiionacd® melia keidc fagéie @cidshown i n
Figure 3, This can.be assi. | 0Ot h : i p et her,
whi ch ref‘ﬁri“'ﬁkc qqu trﬂf % ?‘ﬁt'lgg%g%aﬁ%tﬂeﬁ g%m% %ﬁ%&"i@%ﬁ?iﬁ@b%ﬁ’pﬁ? 27
salt is a technique well known to chemists to obtain improved physical and chemical

stabiiity, hygroscopicity, flowability and solubility of compounds.

Preferred compounds of the invention are compounds of formulae (Vi), V), (IV) and

(11) as described above wherein R’ is preferably C..; alkyl, more preferably Cs alkyl,

especially C; alkyl (e.g. n-propyl). In preferred compounds of formulae (V1) and (V), R®

is G+ alkyl, more preferably C.. alkyl, e.g. methyl. In compounds (V1) and (V) of the
10 invention, the stereocentre at carbon 19 is (S).

A preferred compound of formula (V1) is a compound of formula:

(VI-S)
15 wherein R and R? are as hereinbefore described (e.g. R' is Cyy alkyl, more preferably
Css alkyl, especially C; akyl (e.g. n-propyl), R? is Cis alkyl, more preferably Ci

atkyl,and the (%) represents a (3) stereocentre.

A particularly preferred compound of formula (V) is a compound of formula:

20 {Vla)

Further preferred compounds of the invention are those that are intermediates in the
preparation of compounds of formula (VI). Thus other preferred compounds of the
invention are compounds of formula (V-8):




Therefore we can now safely conclude that the only difference between the 2
conpounds by X-ray crystallography is the stereoconfiguration at carbon 19.
5Table 7- Qther Information (S) 19-Propyl di hydrothevinol (R) and

(S)-Di hvdroet orphine 10 The X-ray ﬁ{jr uctures are shown in Figures 6-9.

Figures 6 and 7 shows the X-ray str

cture of (R)-dihydroetorphine. It can

clearly be seen fromthese Figures that it has the (R) configuration at

carbon 19. This can be 15assigned with respect to the chiral

met hyl et her,

which retains the (R)-configuration fromthe original starting material,
t hebaine. Table 8 - Qher |Informatpon (R)-Di hydroetorphine Pro pert ue

Symetry space group nane P
1/2+y, -z' Cell length a 16./340% 7"', el |
c 7.5209(3) Cell angle al pha.90. 09 Odl fglke beta 90.00 Cell
90.00 Cell vol unme 4375. 69

Meo (V-S, V-R)

giHy equi v pos as Xxyz = -X,
gth b 35.605(2) Cell length

angl e gamma

wherein R' and R? are as hereinbefore described (e.g. R' is Cs.7 alkyl, more preferably
C.s alkyl, especially C; alkyl {e.g. n-propyl}, R?is C..; atkyl, more preferably C.; alkyl),

5 and the (*) represents a (S) or (R) stereocentre, preterably a (S) stereocentre.

A particularly preferred compound of formuia (V) is:

(Va)
10

Further preferred intermediates are compounds of the formulae (IVa) and (llla}

as shown below:

/

O
.:u\tlﬂ/g
Oie (IVa)
15



Figures 8 and 9 show the X-ray structure of (S)-dihydroetorphine. It can
clearly be seen fromthese Figures that it has the (S) configuration at
carbon 19. This can be 5assigned with respect to the chiral nethyl ether,
which retains the (R -configuration fromthe original starting material,
t hebai ne. Additionally the 7-carbof’ hydrogen (shown in Figure 9) shows that
the configuration at this carbon is also (R), as wth the first
di astereoi soner. Therefore it can be concluded that the only difference
between the 2 conpounds by X-ray crystallography is the stereoconfiguration
at carbon 19. Table 9 - Oher Inf at i on (S)-Di hydroetorphine Property
P2(1) Loop symetry equiv pos as Xyz
Screw axis (2 fold): '1/2-x,

"X, Yy, z' Rotation axis (2 fgld)

1/2+y, -1 Screw axis (2 fol 20\ -1 Cell length a 7.2310(3)
Cell length b 14.0795(6) 0. 698 Cel | angl e al pha 90. 00
Cell angle beta 96.226(4) € 90. 00 | volune 1082.77 29
OPTI M SATI ON OF PROCESS ] OMe

(la)

As described above, the compounds of formula (111}, such as (llla) above, may be
formed by a Diels-Alder reaction with a compound of formula (If). This reaction forms a
5 further aspect of the invention. Preferences for R' are as hereinbefore described.

The compounds of the present invention have various uses. The compounds {VI-S)
can, for example, be used to confirm the (R) chirality of the known dihydroetorphine
products. The use of the compounds of the invention in this way is iliustrated in the
10 examples that follow hereinafter. The compounds (1) and (IV) of the invention are also
useful in the preparation of (R)-dihydroetorphine, which is known to have useful

pharmaceutical properties.

Moreover the compounds of formutae (VI-S), (V-S), (V-R), (V) and (I}, especially
15 compounds of formula (VI-S), may be incorporated into compositions, preferably
pharmaceutical compositions. Thus, the present invention also includes
pharmaceutical compositions comprising a compound of the invention as hereinbefore
described (e.g. compounds of formulae (VI-8), (V-8), (V-R}, {IV) and {Il)), especially
(VI-S)) and one or more pharmaceutically acceptable carriers. The compounds of the
20 invention, e.g. compounds of formula (VI-S) can be present alone or in combination

with another active ingredient in a composition.

The compositions, e.g. pharmaceutical compositions, of the invention may take any
conventional form. Preferably, however, the compositions of the invention are
25 prepared in a dosage form suitable for transdermal administration.  Alternative
preferred compositions of the invention are prepared in a dosage form suitable for

parenteral, e.g. infravenous, administration.

By “transdermal" delivery is meant administration of the compounds hereinbefore
30 described 1o the skin surface of an individual so that the agent passes through the skin




The foll ow ng nmet hods and equi pnment were used: Met hod 38XB and
UFC-LC-MUN-1 are a reverse phase, gradient HPLC procedures using an Xbridge
018 colum and a nobile phase consisting of acetonitrile and 0.01M

5amoni um acetate pH 9.2. NVR was carried out using a Bruker Avance 400MHz
spectrometer M5 was carried out usﬂﬁg a ZMD M cromass mass spectroneter LC
was carried out using an Agilent 1100 HPLC system 10Stage 1. Diels-Al der
React i on Thebai ne (1) Chem cal Formula: Cl9H211\ 103 Mol ecul ar Wi ght:

311. ﬁ7 293@@%&/&@% m@weiu(a?é biobe sireah. Foe ratna ! "trGRGEBIN0E Mendedtar
Vi ght: 409.52 The initi t hod enpl qye sas oV, The
mai n confEHIRaRensRSOs e smv*?gfa“%{g e a%%gx ﬁﬂrOf ﬂ”@v\n%i gﬁgﬁqﬂéﬁe
20- 13- et ylcbiavie. gnomil(@ﬂa?)bdot:alwaagssalbseaml)eBtsrlfacedofsarmmmai lsatthbiot h t he
purity and recover eth v, non Q roved by reducing
t he 1-heR@f:Ees ‘flﬂfﬁég%ﬁﬁ’r"@\éc"is%dﬁ?‘f é"{a‘ag’ tb%‘\l‘n hvt'i %J%gfggs{r%?val ents, Table 10.
A futher inprovenent was achieved by 20using 1.5 equival ents of
1- hexen-3-one (added in .2 portiaons. of. 1 4 n e 0 | etion
of the r gé%ls%’ﬁﬂaqr‘g’ﬁﬁ% rf@{”% %HP Tvgidiogs! qgﬁjge%{‘t ‘("/"ljeaﬁ13 i @ﬁ&idrg)f P?)(?l&ﬂﬂpon 30
cool i ng bh@tutié@su;blfamga@@bmi oratnbe iqiicosiucintrpends,i pelt aseldtiens, @nuidivns. (aged
for 1hr) d. Proc with an
over head SB?QGP?‘QPS eﬂ’i(?tﬂ}eé ;[B? “88W§g¢18§‘? O%%ﬂﬁelth Faﬁovr%l% %éa%\é}rng@ié Htﬁé g’q
t hebai ne teBtidRMicab@Osubegithin Eteltdal @5Dntan mwrmuhmsn@ﬁéww@%or 8s45M
58 1. 4eq) 1 Xt.ur * sed by
10 RO gekoue e tHoardR 5B o L ssesfivor Bk of MipR Ak
addi t i onaktcBed, eghic cin IhexamméeBimthe sias and dexn dorda tshecifig peimdeo #medd for a
further 2hrs,. . before stirrin V. erature. Analysis
showed sP5FTI G PeAPEIR o i‘é’e%‘“%’ &%n%lt %%e éHr'r%rtﬁgerfl al was transferred to
a round bottoned flask (500nL) (flask washed with EtOH 20nL). EtOH (- 65nl)
was reno vacu 5 PLy t; sgéld qsgirred at
5C for \él‘fﬂa%%%?’%‘e Se{%’gr ?%ngﬁ%tg@g%&g)uém@smmgs g%“ 3 ﬁéth%g cold EtOH
(4x20nl) peovitieptrdriseldrmatd ;doeaget foems ientempassed by1ths zﬁvemttomﬁir@ aed dnpwn tabl e

those skilled in the pharmaceutical arts, and depend on the particular tissue to which a

given pharmaceuticai composition or dosage form will be applied. With that fact in

mind, typical excipients include, but are not limited to, water, acetone, ethanol, ethylene

glycol, propylene glycol, butane-1,3-dicl, isopropyl myristate, isopropyl palmitate,

20 mineral oil, and mixtures thereof to form lotions, tinctures, creams, emulsions, gels or
ointments, which are non-toxic and pharmaceutically acceptable. Moisturizers or
humectants can also be added to pharmaceutical compositions and dosage forms if

desired. Examples of such additional ingredients are well known in the art.

25 Depending on the specific tissue to be treated, additional components may be used
prior to, in conjunction with, or subsequent to treatment with the compounds of the
invention. For example, penetration enhancers can be used to assist in delivering the
_compound to the tissue. Suitable penetration enhancers include, but are not limited to:
acetone: various alcohols such as ethanol, oleyl, and tetrahydrofuryl; alkyl sulfoxides

30 such as dimethyl sulfoxide; dimethyl acetamide; dimethy! formamide; polyethylene
glycol; pyrrolidones such as polyvinylpyrrolidone;  Koflidon grades (Povidone,
Polyvidone); urea; and various water-soluble or insoluble sugar esters such as Tween
80 (polysorbate 80) and Span 60 (sorbitan monostearate).




(105.4g, 80%. 10 010014 10g leq thebai ne 2.8eq 1-hexen-3-one 2.5 vol
Et OH Reflux (bath tenp 94C) Yield 69% 9.03g, contains 6%' of 7p-isoner -
92% purity 29 1 eq thebaine 1.8eq 1-hexen-3-one 2.5vol EtOH Ref |ux (bath
tenp 94C) Yiel d55% 1. 44g. Materi al ecipitated on cooling - >99.5%purity
1009 1leq thebaine 1.5eq 1-hexen-3- g%e 2.5 vol EtCH

The pH of a pharmaceutical composition or dosage form, or of the tissue to which the
pharmaceutical composition or dosage form is applied, may also be adjusted to
improve delivery of one or more active ingredients. Similarly, the polarity of a solvent

carrier, its ionic strength, or tonicity can be adjusted to improve delivery. Compounds

5 such as stearates can also be added to pharmaceutical compositions or dosage forms
o advantageously alter the hydrophilicity or lipophilicity of one or more active
ingredients so as to improve delivery. In this regard, stearates can serve as a lipid

vehicle for the formulation, as an emulsifying agent or surfactant, and as a delivery-
enhancing or penefration-enhancing agent. Different salts, hydrates or solvates of the

10 active ingredients can be used to further adjust the properties of the resulting

compaosition.

Oral gels for sublingual administration of the compounds of the invention {e.g.
compounds of formulae (Vi-S)) can be prepared by mixing the compound with one or
15 more suitable excipients including flavouring agents.  Suppositories for rectal
administration of the compounds of the invention (e.g. compounds of formulae (VI-5))
can be prepared by mixing the compound with a suitable excipient such as cocoa
butter, saficylates and polyethylene glycols. Formulations for vaginal administration can
be in the form of a pessary, tampon, cream, gel, paste, foam, or spray formula
20 containing, in addition to the active ingredient, such suitable carriers as are known in

the art.

For topical administration the pharmaceutical composition comprising the compounds
of the invention can be in the form of creams, ointments, liniments, iotions, emulsions,
25 suspensions, gels, solutions, pastes, powders, sprays, and drops suitable for
administration to the skin, eye, ear or nose. Topical administration may also involve
transdermal administration via means such as transdermal patches. Delivery in this

form is particularly preferred.

30 By intravenous administration is meant administration of the compounds hereinbefore
described in the form of a liquid directly into a vein. Dosage forms suitable for
intravenous administration include, but are not limited to, solutions, emulsions and

suspensions.




Reflux (bath tenp 101C) Yiel d80% 105.49. Material precipitated. >99.5%

purity Analytical Methods and I n-Process-Checks (I PCs) 1H NVMR (400VHz) was

used for

conpl ete when <5 nolar % starting materi al

| PCs plus HPLC net hod 38XB during | ab work. 20Reaction was deened

remai ned by 1H NVR based on the

signals at 6 5.05ppm and 5. 3ppm ( 13) For confirmng purity and for LC M5
wor k met hod UFC-LC-MUN-1 was used in the analytical |ab. TLC (5%
MeOH 95% DCM) | odopl atinate stain: Rf = 0.25 Thebaine, Rf = 0.66 (70)-20-
35?7 h)z/l)t ?ﬂ%{é (,r,gwg% ggmgdoﬁg?hgg%s 2 mvermpewvmea conolind aé Rareinbelye
orri | #4, . | I = Lo .
1. t 4. 0dgfinegpandespacilly P‘.’mP‘?U“‘g{’fE”’ﬂ“lalﬁ&)'%,f@b“?é £ g;%é?%‘?’g%%ht%7i t 09

Vihi te sokpd c3RPobnd@R@mINIEEred intravenously.
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Typically, compositions for intravenous administration comprise sterile isotonic
agueous buffer. Where necessary, the compositions can also include a solubilizing
agent. The ingredients may be supplied either separately or mixed together in unit
dosage form. For example the ingredients may be supplied separately as a dry
lyophilized powder or water free concentrate in & hermetically sealed container, e.g. an
ampule or sachette indicating the quantity of active agent, and as an ampoule of sterile
water or buffer for mixing prior to administration. Alternatively the composition may be

supplied in a pre-mixed form.

The compounds of the invention (e.g. compounds of formulae (VI-8)) may be used in
medicine, e.g. io provide analgesia. The doses of compounds required will be
dependent, for example, on the subject to be treated, the severity of the pain to be
treated, the compound used, the mode of administration etc but will be readily

determined by those skilled in the art.

Thus viewed from a further aspect the invention provides a method of treating a subject
(e.g. mammal) in need of pain relief comprising administering to said subject a
therapeutically effective amount of a compound as hereinbefore described {e.g. a
compound of formula (VI-8)). It has also surprisingly been found that in standard tests
for nausea and vomiting in ferrets, neither R-DHE nor S-DHE induced nausea or

vomiting in similar dose ranges as used in the tests described below.

The compounds of the invention are particularly useful in the treatment of nociceptive

and neuropathic pain.

The invention will now be described with reference to the following non-limiting

Examples and Figures wherein:

Figure 1 shows the 1H NMR spectra for (R} and (5)-19 Propyldihydrothevinol
Figures 2 and 3 show the X-ray structure of (R)-19 Propyldihydrothevinol
Figures 4 and 5 show the X-ray structure of (5)-19 Propyldihydrothevinol



1H NVR (CDClI 3 400MHz):; 6 = 0.80 (3H, t), 1.4 (1H m), 1.6 (3H sext.), 1.9
(1H, d), 2.0 (1H, br), 2.4- 2.6 (8H n), 2.9 (2H br), 3.35 (2H d), 3.6
(3H, s), 3.85 (3H $), 4.6 (1H $), 5.6 (1H d), 6.0 (1H, d), 6.55 (1H d),
6.7 (1H, d) 5 3C NVR (CDCI3 75M); 6 = 13.71, 16.89, 22.49, 30.25, 43.26,
43.51, 45.57, 45.72, 47.40, 49.94, *53.78, 56.68, 60.06, 81.52, 95.84,

113. 61, 119.36, 125.89, 134.07, 135.53, 141.87, 148.07 Ms; [M+H =410.3 LC,
>99. 5% purity 10TLC, 5:95; MeOH. DCM single spot if =0.66 Advantages of

opt i i seeigRraceasd ¥ 866w 8B 3y fhudiur@o@BYDihydrostordhinent of 1- hexen-3-one has
been reduced to ui | n_15conversion or yield.

1.5 e val ent th crease |.
DecreaseFf%r%Qq%?%gém sy '@WZS%‘@ _r%gfg(%‘)e—g yPBQﬁzorP@Pean i nproved isolation
(direct eigued ad khe ihertdreameriagtdf @i of tlewhith) carvdrisghieginy es(Rrane($)al  of
very high purity. Volune efficiency is very high (maxi mum -4 vol unes
total). Iaﬂ{)yidf%ﬁ‘%/rﬁ?ﬂ:'%ved to >99% (by HPLC). 201 PC shows conpletion at >97%
conver si Ryl 1HII\WRW tdgcbivebaune} folBhvingein2atgrepog edainistnation of (R} or
20- et hyl t%}e]%'ifjrgone 2) 20- et hyl di hydr ot hevi none (3) Chem cal Fornmul a:
C25H31NO4 Caf "EBIRET 8- © PRI WBI ecul ar Wi ght :  409. 52Mol ecul ar
Vi ght 1 4ilr&314 82 17 ebowi dose treseesatcunes follovanidintravenoubadminsication of he

reaction yol om17,vol t ality of the product and
i sol ati oﬁ‘é{b?"t{gﬁghﬁr%&dﬁef%§ Qggérﬁp%{r%%qrgé%ggﬁém erestingly both the starting
mat eri al Fapdegt ORI skvethehdiensl df ynisvatidus adminigbatonoy i) 05(S)-DHEheus whi ch

all ows for._ higher reacti ture,. .| St I L th the
statti ngrﬁﬁ"teé'g? & Caw&%:‘%&&@?@‘g%rﬂ‘. t]hge ¥ ('3Aaatt:nt?l %ﬁ% ﬂq%? or\?\/gr{sdé?lohfngéé{rﬁ%%ﬁ?n this
case thepaal ubility was key to good reactivity and hi gher tenperatures were
enpl oyed during scale-up to achieve conpletion of reaction. 10ln the final
scal e-up reaction the tenperature increased out of "normal" range during
the initizdAMRAES ng of the reaction vessel and a fast reaction was observed
(hydrogen uptake). On reducing the tenperature to 55C the reaction
decreased significantly and only on further addition of catalyst and an

i ncr®ease Preparativear §3)uPibydroetog®@edi d t he reacti on achi eve conpletion. 15

| sol ation of the product was sinplified by warm ng the reaction mxture to
77C, allow ng sub-reflux tenperature to occur and then filtering the

cat al yst Stagem +Réels-&ldet Reactionxt ure. The resulting solution was initially
reduced iﬂ%a}f?dn oy distillation, however it was found that the solution
coul d be coo1le in an ice bath and high purity material was 20i sol at ed by
filtration of the crystallised sqglid in good yield (72% . Procedure:

20- Et hyl t hevi none (0.244M 100g) jwas charged to a 2l Parr hydrogenati on
vessel. 10% Pd/ C (% t, 109)'H urried in E (200n17,) and charged to

Jrnmnoes
t he e a4 R g %
e ‘Qf 7 f%’\%\
Med" 4 o Aeh Yy Y
O H O MeO \ﬁ’l\‘g W Dide
Thebaine
20 Method

Thebaine was treated with hexen-3-one in a solvent as specified in the table below and
heated to reflux. After an appropriate amount of time (overnight), the reaction was
cooled and the mixture evaporated. The resulting oil was dissolved in Isopropylacetate
(IPAc) and washed with 1M hydrochloric acid solution. The acidic layers were
25 combined and washed with 1PAc then basified with sodium bicarbonate solution and
finally extracted into dichloromethane (DCM). The DCM layer was evaporated to give

a yellow solid.

Table 1 — Summary of Experiments, Stage 1
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the m xt
fl ushed

sanpl ed and anal ysed by LC and found not to be conplete.
0 an internal

EtOH (1L) was charged to the vessel,
25 and inerted with argon (x4). The vessel was refilled with
(x2) and finally left at 50psi.
The internal tenperature pgg

tenperature overni ght (pot “exotherm. The vessel
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nt er nal
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eratu
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't OH, 25psi H2 Pot
ef t ) was eFk
Pd/ C (50% wet, 0.034g), 70vol

®Henoved. React i on
eq 20-et hylt hevi none,
Using et a835t0°e s%lv%ﬁt? gEheZ ?ig’a%%olated yield of product was 70% as a light
yellow solid, after work-up and the quality by "H NMR looked very good.

Stage 2 — Hydrogenation

Reaction Scheme

5~
& Ry ¥ arg Pai Mo
H <
sl ATy 9
MeO™ TN e
Method

The 19-propylthevinone (4.1g) intermediate from stage 1 was hydrogenated in ethanol
(60ml) using palladium on carbon (1g; 10%) under a pressure of hydrogen up to 50psi.
The temperature of the vessel was maintained at ~50°C and the pressure maintained
at 50psi until no further uptake of hydrogen was noted. The catalyst was filtered and
the solvent removed by distillation under vacuum. lsolated yield was 91% in total,

giving a 3.8g of product

Table 2 — Summary of Experiments, Stage 2

Ethanol (50ml) 50°C -91% isolated yield

1g PA/C (10%)

t he vessel

The tenperature was set
ked at 82C and was allowed to cool
was refilled with
The vessel
progress
t hr oughout
5g9) was
eacti on was
o 68C and
was

cat al yst
to cool

or 50mn
olid (729,

(50% wet ,

Et OH, 50psi




1 eq 20-ethylthevinone (547- 089-1), Pd/C (50% wet, 0.232g), 17vol EtOH,
50psi H2 Pot tenp 55C After16hrsreaction conplete. Reactionfiltered,
concentratedto-1/3 vol and ppt collected. Yield 64% 1.494q 0.69 1 eq

20- et hyl t hevi none (547- 090-1), Pd/C (50% wet, 0.60q), 17vol EtOH, 50psi H2
Pot tenp 55C Reactionconpl ete afte?3.L6hrs.W)rkup not conplete. 1009 1 eq

20- et hyl t hevi none, Pd/C (50% wet, 15g), 12 vol EtOH, 50psi H2 Maxi mum pot
tenp 82C Optimal tenp -60C. Productcrystallised fronreactionm xture

af t err emovatof CER@HYSIn (B0RSIA /2% J

Stage 3 — Grignard Addition
Reaction Scheme

(G519 DHT

5 Method
19- propyldihydrothevinone (Stage 2 product) was dissolved in diethyl ether (35 vols).

Methyl magnesium bromide (92.6 mol. eq.) was added to this soiution over 5 minutes
at 20-25 °C (small exotherm). The resulting mixture was then heated to ~40 °C internal
temperature for ~2 hours, before cooling and quenching with ammonium chloride
10 solution. The mixture was extracted with 2-methyl THF and the organic layers

evaporated in vacuo o give a viscous oil.

Table 3 — Summary of Experiments, Stage 3

">-diethyl ether (25 vols) | 40°C Good  quality  material
3M MeMgBr (1.5 eq) produced

0.7%¢g 2-diethyl ether (25 vols) | 35 ‘C ! Stirred overnight. 93% purity
3M MeMgBr (1.5eq) after work-up. Crude product

triturated in methanol to give
0.32g pure material and 0.5g
impure residues.

2.29 o-diethyl ether (35 vols) | 35°C 2.6g crude (~90% pure} |
3M MeMgBr (2.6 eq) isolated. Triturated in methanol

to give 1.6g of pure material.

15
The sole product of the Grignard addition is the (S)-enantiomer. No (R)- enantiomer

was detected.



purity >99% Anal ytical Methods and | n-Process-Checks 101H NVR (400MHz) was
used for I PCs plus HPLC nethod 38XB during | ab work. Reaction progress was
nonitored by LC analysis: the reaction carried out on the 100g scal e showed
no 20-et hyl t hevi none and 96% of 20-et hyl di hydr ot hevi none. For confirm ng
purity and for LC-M5 work nethod pr%duct fromthe 100g scal e reaction was
used in the analytical lab. 15 Analytical Results 10.000tk, "itlIP "EC'W
Comments White solid >99 No 20-et hylthevinone remai ned. No other inpurity
det ect ed.gia4 A5 _ AGREL sord®0irothévisol0. 75 (1H, t,t), 0.9 (1H,
t), 1.35 (1} , 1.5-1.75 (7H, m, 2.1 (1H, t,d), 2.3 (5H m, 2.5 (2H,
q), 2.6-2.7 (3H m, 3.0 (1Hq, t), 3.1 (1Hd), 3.5 (3H, %), 3.9 (3H, s),
oo e A Bl s 2o 578
18 26, AGOTMER e g b ™y, evends G Gerelut e B spuit Shetrof 2
141.46, bﬂ@vlﬁ@ab&gl@&?@f&Rﬁ%%&meﬂaykﬁw&eﬁhevmmiy"i'ﬂde-lemm)nenrtﬁoam@ﬁmlzeét hanol

Lo 12" volt BPRchecithe Bt PR U e ars et Paemd o EeE R E ¥Rl o0 7 Y

isolated in 72%vyield with a purity >99% 15A tenperature of about 65C
woul d appear to f i r.e i i e solid
on the fil n gg?erﬁ[ tge gﬁ% %\gg{ﬁ 1% ’Eh%? ﬁgg& Wats, as‘#Bf?ows %Cénli { éré(o P"oyécﬂﬂ %Qh

ptane renoves e hanol traces to an
accept ablpeogyeitgidratieavthol ’(cthu’camécéfrmﬁta% ageas Sisageed B jusidovar thermigiay and

crys CB ali satougp of solvent. The solution was allowed 1o stand for up to 3-4 days and the solvent

removed by filtration or decanting in order to isolate single crystals.

Table 4 — Summary of Re-crystallisations

MTBE | None (S) RT TYes High quality -
submitited for X-
ray

AcCN None (S) RT Yes High quality

DCM None (R) Dissolved Yes High quality -

Hot submitted for X —
ray

Acetone | None (R) Dissoved | Yes High quality -

Hot submitted for X-
ray

Ethanol | None (R} Dissolved Yes High quality -

Hot ! submitted for X-
ray

15

The "H NMR spectra for each of the diastereomers are shown in Figure 1.

Stage 5 — Hydrolysis of (S)-19-propyldihydrothevinol
20 Reaction Scheme




20- et hyl di hydr ot hevi none (3) Chem cal Fornula: C25H33N04 Mol ecul ar Wi ght:

411.53 (8)-1 9-P ropyld ihydrothevinol (4) Chem cal Fornula: C26H37N04

Mol ecul ar Wi ght: 427.58 The results of the work are sunmarised in

Tabl e 12 below. Different ethereal solvents were investigated, wth diethyl

ether giving the best quality nate?$ al t hough the 25di f f er ence bet ween

di ethyl ether and MIBE was found to be relatively mnor. Generally, the

crude material obtained fromthe Gignard reaction contained two nain

inpurities (-10% of each, LC-M5). Both inpurities have the sanme nass [ MtH]
428.4) as the product). One of the two inpurities has been tentatively

aSS|gned as the 35x constitutional isonmer, which result “fromthe

ri ng-cl osure rlngh penlng reaction of excess Gignar agent on

20- ethyldlhydrqt +ﬂonew“*Chen1caI‘F rmul a: C26H33 4% cukaf Vi ght :

411.53 (5) eham alb Formul a: C26HNO. 3% _ 4 Ml e u T‘”\V%l;g‘f?t‘e 427.58

5The second_.i gﬁl i'th has a sinilar retentg %( C>N@$ to the

product |§@%ellevedﬁtﬁmbe t.he.di.astereoisaner. (R)- N “b H.BMe T

9- pr opy! di hydr ot hevi nol .

Method

5 The (S)-19-propyldihydrothevino! {from Stage 3) was dissolved in diethylene glycol (17
vols) and treated with potassium hydroxide (~20 eqs) and heated to ~195 °C for 12-18
hours. After this time, the reaction mixture was cooled to room temperature and
quenched into water (40 vols). The resulting solution was acidified to pH 9-10 using
solid ammonium chioride and the mixture extracted with DCM (3 x 50 vols). The

10 combined organic extracts were evaporated in vacuo to a crude ofl {approx. 40 %
purity). The purity was increased with repeated triturations in methanol until a yellow
solid was formed and isolated in good purity (>95%).

The product was rebrystaliised from several solvents and crystals were obtained from
15 acetonitrile. These were used for X-ray crystallographic studies.

R-enantiomer was obtained using an analogous reaction.

X-ray Crystallography Studies

20
All X-ray crystallography experiments were carried out on an Oxford Xcalibur single
crystal diffractometer or a Nonius Kappa diffractometer. Both machines were using
Molybdenum K alpha X-ray sources and CCD detectors.

25 (R} and (S) 19-propyldihydrothevinol

Several batches of both (R) and (S) 19-propyldihydrothevinol were submitted for X-ray
crystallography.

30 The X-ray structures are shown in Figures 2-5.




N HO (R)

C26H37N04 Mol ecul ar Wi ght :
by the net hanol
was investigated with diethyl

-CH3 Owe (R)-19-Propy

re-crystallisat

| di hydr ot hevinol (6) Chem cal

i on.

For mul a:

427.58 Both inpurities are renoved efficiently
10 The role of the reaction tenperature
ether and it was found that the reaction

profile, both in terns of reaction?progress and inpurities (LC anal ysis)

wer e conpar abl e at

roomtenpera

ture and at

refl ux tenperature.

15Thus, the

observed differences in purity noted in the reactions are thought to arise

from the g fées and 3%H6\k/ftﬂzé3ﬂtrbﬁ@trm:§1§%dm)e® Bropykihydictidvineat From thsiXag an oi |
bat h and r'efl ux condenser wt

rot at i on "@hit £ap PeFeAY e HR O}
20- Et hy! dishyRecivine Yadpaseto( Shidl dthyBe@Er, werichdieasind e (R)edoafiglyatiml ferhon) i n
anhydr ous, di et hyl et,herméaélo OonL
63nl) wadhalaeRNRFBHINdiECRer

bel oyv 28C. The resulting white suspension was heated at reflux for 5hrs,

cooled to room t enperat ure

over ni ghtAddaRnallyi Tmtioe %

wigdys e LtghE S Sl

Fof T (reRiibfsion

; 35vol s).

lhr rmaintaining the internal
d.stirred under ni t
n

Wi th sat.

s?lwﬁgingag%gn.b%ts@ﬁ % re

oo S Bat b8

Met hyl magnesi um brom de (0. 189M
t enperature

NH4Cl

(-1.0nl) yeneycregrygete Pyokiiof tppethelsayrerfate asre hginegenditipesigdn i(oéxt MeCN

m.). The reaction was.continued until e level of starting material was

| ess thar? fu*ﬁﬁé'“%&&’mgghe 'gf'g&@g'ﬁgﬁ8?5£%y the addition of sat. NH4CI
(138nL) to the reaction mxture maintaining the internal tenperature bel ow
30C., The Q0 m xtur . pha r t.he. Xt ed with
i iyl d s Ve RbOORE i Ao RES CnD e o B S A e T The
sol ution fgas concentrated in vacuo to yield a viscous oil (33.4g). MeOH

(100mL)

beforc. cagbleny” L QO RRG bl hakeeh

cold MeOH (3x25nL), washed with heptane 15(1x25nlL) and pulled dry.

olpath tenperature of 60C,
was filtered, washed with ice

fractio

By-

200 AN MANBRr - 6

ified materi al

(140

leq 20- Et

0!_!-!_ 5 1. Lo | VTV T U
Symmetry space group name

Loop symmetry equiv pos as xyz

X, Y, 2 -x, y+1/2, -2’

Cell length a 11.0464(6)
Cell length b 12.4554(7)
Celllength c 16.2271(7)
Cell angle alpha 90.00

Cell angle beta 98.481(5)
Cell angle gamma 90.00

Cell volume 2208.2(2)

15

20

Figures 4 and 5 show the X-ray structure of {8)-19-Propyldihydrothevinol.

From Figure 4 it can be clearly seen that it has the opposite stereochemisiry of (S)-
configuration at carbon 19 to the crystal shown in Figure 3. This can be assigned with
the respect to chiral methy! ether, which retains the (R)-configuration from thebaine

starting material.

Again the 7-carbon hydrogen (show in figure 5) shows that the configuration at this

carbon is also (R), as with the first diasterecisomer.



0.5g leq 20-EtDHT , 2.6eq MeMgBr 35vol Et 20 reflux 0.44g of oily gum which
| ooks okay by 1HNMR TriturationfromveOH yiel dedtwo sanpl es: 160ng(96% and
150ny (909 O0.69g leq 20-EtDHT, 2.6eq MeMyl 35vol Et20 reflux 0.45g of oily
gum Purity = 77% (by LC). Triturationyi el ded110ngof 94. 1% purity. 30.0g | eg
20- Et DHT 2. 6eq MeMyBr 35vol Et20 réflux <2% SM and 81% product. After

wor kup and re-crystallisation fromMeOH vyield 68% 21g, >99% purity. 19
leq 20-EtDHT 2. 6eq MeMgBr 35 vol TBME rapid. addition, then heated

Therefore we can now safely conclude that the only difference between the 2
compounds by X-ray crystaliography is the stereoconfiguration af carbon 19.

5 Table 7— Other Information (S) 19-Propyldihydrothevinot

Symmetry cell setting Monoclinic
Symmetry space group name H-M P2(1)

Loop symmetry equiv pos as xyz ‘%, ¥, 2 %, y+1/2, -2
Cell length a 13.8650(3}

Cell length b 10.8560(2)

Cell length ¢ 15.4030(4)

Cell angle alpha 90.00

Cell angle beta 99.7500(8)

Cell angle gamma 90.00

Cell volume 2284.95(9)

{R) and (S)-Dihydroetorphine

10
The X-ray structures are shown in Figures 6-9.
Figures 6 and 7 shows the X-ray structure of (R)-dihydroetorphine. It can clearly be
seen from these Figures that it has the (R) configuration at carbon 19. This can be
15 assigned with respect to the chiral methyi ether, which retains the (R)-configuration

from the original starting material, thebaine.

Table 8 — Other Information (R)-Dihydroetorphine

é'y'ni'r'héfff'ébé'ée group name P2,2,2
Loop symmetry eguiv pos as xyz XY, 2
X, Vary, -2’

Cell length a 16.3405(7)




45t |/ 4h Afterwork-upandtriturationwmth MeOH yield 54% 0.56g, 96% purity
1g leq 20-EtDHT 2. 6eq MeMgBr 35 vol CPME rapid addition, then heated 45C /
4h Afterwork-upandtriturationwith MeOH vyield 52% 0.54g, 95. 7% purity | Qg

| eg 20- Et DHT 2. 6eq MeMgBr 35 vol TBME rapid addition, then After conpletion
of MeMyBr addition: 1.2% 20- Et DHT, *85% product (HPLC). Afterheating,

wor k-up and trituration 37 heated 35C / 4h with MeOH <vyield 75% 7.79g
96. 4% purity 1g "l eg 20- Et DHT ’

Cell length b 35.605(2)
Cell length c 7.5209(3)
Cell angle alpha 90.00
Cell angle beta 90.00
Cell angle gamma 80.00
Cell volume 4375.69

Figures 8 and 9 show the X-ray structure of (S)-dihydroetorphine. It can clearly be
seen from these Figures that it has the (S) configuration at carbon 19. This can be
5 assigned with respect to the chiral methyl ether, which retains the (R)-configuration

from the original starting material, thebaine.

Additionally the 7-carbon hydrogen (shown in Figure 9) shows that the configuration at
this carbon is also (R), as with the first diastereoisomer.

10
Therefore it can be concluded that the only difference between the 2 compounds by X-
ray crystallography is the stereoconfiguration at carbon 18,
Table 9 — Other Information (S)-Dihydroetorphine

15

Symmetry space group name H-M P2(1)

Loop symmetry equiv pog as xyz X, ¥, 2,

Rotation axis (2 fold): -x, -y, Z'
Screw axis (2 fold): Va-x, Ve+y, -2
Screw axis (2 fold): “Vaex, Yoy, -2’

Cell length a 7.2310(3)
Celllengthb 14.0795(6)
Cell length ¢ 10.6984(5)
Cell angle alpha 90.00

Cell angle beta 96.226(4)
Cell angle gamma 90.00

Cell volume 1082.77




2. 6eq MeMgBr 35 vol Et20 rapid addition, no heating, stirred 4h After
conpletion of MeMgBr addition: 0.3% 20- Et DHT, 84% product (HPLC). After
work-up and trituration with MeOH vyield 58% 0.60g, 94.8% purity

Anal yti cal Methods and In-Process-Checks 11-1 NVR (400MHz) was used pl us
HPLC net hod 38XB during |lab work. #he reaction was nonitored by LC
anal ysis of a quenched (sat NH4Cl) reaction aliquot: <2.0% 20-

Set hyl di hydrot hevi nol and 71% (S)-19- propyl di hydrot hevinol . For confirm ng

pur| ty a@bﬁ;,glfsmqbw@p\ppbgggﬂod UFCG-LC-MUN-1 was used in the anal ytical
| ab AnWT‘W C% Comment From MeMgl Wite solid
94. 1 g éollowinaem sl oIRRAURI RN WRI€ HERE" an overal | purity of 81% and
cont ai neqef54 §é>@€tednag;mt_@rma& 1 afd AMRe($DPh3se4 Qoddent ;HAL C-pcEduredH, n,

0. 85( 3H,

i an it 6 iy Tl prEeecfiy el e 44 5

(1H, t,dysingan. @F@%éﬂ
(3H53) a%nﬁor(n?vﬁ'acét)aze;ﬁ-l@(l"' S). 4 7 (1H, S) 6.5 (1H, d), 6.7 (1H d)

13C NWR

31.99, 3 I\g@wa§§arrzed)out using a éruker Avanoe 4%0[\/14‘-?2 spetird
MS was carried out using a ZMD Micromass mass spectrometer
LC was carried out using an Agilent 1100 HPLC system

10

15

20

CDClI 3 75MHz Zr%étgrl’ 25.55, 29. 88,

Stage 1: Diels-Alder Reaction

O

N (U\/\

Chemical Formula: CgH .0
7 Mclecular Weight: 98.14

470" % Sy EI0H, reflux

Thebaine (1) 20-a-sthylthevinone (2)

Chemical Formua: CpgtigNOy

Chemical Formula: CgHoNO3 Moleoular Weight: 200 52

Molecular Weight: 311.37

The initial method employed was as described above. The main contaminant was

identified as the 73-isomer shown below.

20-B-ethylthevinone (2p)

It was subsequently discovered that both the purity and recovery of 20-0-
sthylthevinone could be improved by reducing the 1-hexen-3-one charge from 2.8
equivalents to 1.8 equivalents, Table 10. A further improvement was achieved by
using 1.5 equivalents of 1-hexen-3-one (added in 2 portions of 1.4eq and 0.1eqg) and
upon completion of the reaction, removing 0.5 volumes of solvent vig distillation. Upon



36.05, 38.97, 43.53, 45.17, 46.19, 49.09, 50.77, 52.72, 56.93, 61.32,
80.34, 97.05, 114.21, 119.06, 128.84, 132.48, 141.63, 146.97 LC, >99%
Advant ages of optim sed process 20 Reaction works in a range of ethereal
sol vents, although diethyl ether a%)ears to give the cleanest crude
product. Material of excellent purity is obtained follow ng a
re-crystallisation fromnethanol. Stage 5: Hydrolysis 38 Chem cal
Formul a: C26H37N04 Mol ecul ar Weight: 427.58 ( S)-Di hydroetorph in e

Chemi cal f@mguh&restiingBoiEHihpratidt pleciikitatitas abld fapedToelmeand was was run
w thout significant changes (Table 13). Recrystallisation was carried out

from an &t¢/8fol /water nixture then ethanol. 5 Procedure: (S)-DHE (10g) was
added to EtOH (60nm.) and heated at reflux until dissolved. Water (32mL)

e o2 Sl Socel ¢S TR o o f b 9P B © o
recayer yne Budwihy weYendy®r, atdbaine % Bk, dosy, 454, FIPHHRE0MS) dBoal-bexen-
Caiditi tSichnie (’902/;, 'O’.45E\}-L"58rr'|ii,:1:.d-rr§qr)rpcrh’e:ﬁ}fxidre was heated at reflux for 13hrs and
analysed by 'H NMR and found to contain starting material {~ 4.5molar %). An
additional 0.1eq of 1-hexene-3-one was added and the mixture heated for a further
ohrs, before stirring overnight at room temperature. Analysis showed starting material
10 (~2.8molar %). The material was fransferred to a round bottomed flask {500mL) (flask
washed with EtOH 20mL). EtOH (~ 65ml) was removed in vacuo at 50°C and the
resulting precipitated solid stirred at 5°C for 1 hr before filiering. The solid was washed
with ice-cold EtOH (4x20mL) and pulled dry on the filter for ~ 1.5 hrs. White solid

(105.4g, 80%).

15
Table 10
10g 1eq thebaine Reflux Yigld 9%, 9.03g, contains 6%
2.8eq 1-hexen-3-one (bath temp | of 7B-isomer — 92% purity
2.5 vol EtOH 94°C) ;
20 1 &g thebaine Refiux Yield 55%, 1.44g. Material
1.8eq 1-hexen-3-one {bath temp | precipitated on cooling —
2 5vol EtOH 24C) =98 .5% purity
100g 1eq thebaine Reflux Yieid 80%, 105.4g. Material
1.5eq t-hexen-3-one (bath temp | precipitated.
2.5 vol EtOH 101°C) >89.5% purity

Analytical Methods and In-Process-Checks (IPCs) ’
‘H NMR (400MHz) was used for IPCs plus HPLC method 38XB during lab work.

20 Reaction was deemed complete when <5 molar % starting material remained by H
NMR based on the signals at & 5.05ppm and 5.3ppm (CDCly)
For confirming purity and for LC-MS work method UFC-LC-MUN-1 was used in the
analytical iab.
TLC (5% MeOH/ 95% DCM) lodoplatinate stain: R = 0.25 Thebaine, R = 0.66 (70)-20-
25 ethylthevinone.

Analytical Summary




ooyt cnr?rini (M LL Conments 159 (8) - 19
propyl di hydrot hevinol (leg), KOH (20.85eq), diethylene glycol (16.6vol) 185
Reaction heated at 185C for - 18hrs with air condenser. Yield of crude
107% purity 95% Analytical Methods and | n-Process-Checks 1H NVR (400VHz)
was used plus HPLC nethod 38XB durthg Iab work for IPCs. The
reaction was nonitored by LC analysis and quenched when no (S)-19-
15p][ opyl d| hydrot heV| noI remai ned. The react i on vvas 92% conpl ete. For
confirm : Hh ) ‘ ; [
anal ytl Bt s 1 & 20 PG afrr-=Sort TH-NVR ( CDCl 3
400Mz) | e sdd7 (1%, 0.8 (3H.t)""9.0 -1. M’Fg 1.3 (1H, gr)
251;%23(6H m. 1.85 (1H, t), 1.95 (1H, t,d), 2123(5H m, 2.6 (1H,
3 6.0
(i, “r AR ope ool 8 pB0 Ry £l ?@D&@%sﬁfﬁ@“@ﬁi 2,
leg gg i&f@(hr 2214-906 (25.1372. gzeHs@f }, 3% @6, d83.613H. 35 3185, (388986 ( 14*3851
i 42, 97.38, 116.61, 119.46, 127.92,
132. 07, %ﬁaﬁeé?f%s%'?a[é%‘r’dg i egite LC : 99.44% (S}- DHE, 0,554 (R)-DHE
Adv et agéls NMRO(RDGH, I6blHa); deeds. 71 1689 2249, 30.25, 43.26, 4351, 45.57, 45.72,
47 40, 49.94, 53.78, 56.68, 60.06, 81.52, 95.84, 113.61, 119.36, 125.89, 134.07,
135.53, 141.87, 148.07
MS; [M+H]"=410.3
LC; >99.5% purity
10 TLC; 5:95; MeOH:DCM; single spot rf =0.66

CcOouUurto

Advantages of optimised process

increased yield 1o 80%

Amount of 1-hexen-3-one has been reduced to 1.5 equivalents with no decrease in
15 conversion or yield.

Decrease in equivalents of 1-hexen-3-one allows for an improved isolation (direct

crystallisation from reaction solvent), which gives material of very high purity.

Volume efficiency is very high (maximum ~4 volumes total}.

Purity improved to >99% (by HPLC).
20 IPC shows completion at >97% conversion by 'H NMR (<3% thebaine).

Stage 2 Hydrogenation

N/ N/

O @ \< -
tqt | Py
R 0 EtOH
A\ .
MeO o OMe

50-60C  Med 0" oMe

20-ethylthevinone 2) 20-ethyldihydrothevinone (3)
Chemical Formula: CosH3iNO, Chemical Formula: CastsasNO,
Molecular Weight: 409.52 Molecutar Weight: 411.53
25 The results of the development work for the hydrogenation stage are outlined in Table

11 pbelow. The reaction has been ‘stressed’ both in terms of catalyst loading and




Significant inprovenment in the purity of the crude material obtained from
the reaction to 95% 10Renoval of the nmethanol trituration - material
recrystallised fromethanol/water and ethanol. Stage 6: Recrystallisation
Et OH Wat er Crude S-DHE 15 An_jncrease in the water content to - 35%
(total volume 9.2vol) resulted in P%e formation of a white solid. Further
recrystal lisations fromethanol and ethanol/water mxtures inproved the
purity of the material (Table 14). 20Procedure: (1) (S)-DHE (3.09g) was
added t o r&id@bh (hraratundint dusiitons be resduoing Heateattian volefrieukorprigdiet inéR an

orange sol ution. The sol ution | ] Q. F

Tonr o THE: Redtiet g rraican Bonky! U elePulRs i IRBBIE TS 1 OV

r7n0¥;/t(r%) hPu'[I Ejy t>99%1)‘l 25 (2) I(S_)-DI—IEI (1.8g) was added to EtOH (7nlL) and the
ure heate reflux until in,solutipon. dth

hazy sol UHIPEA ?31 BRiR e Fadig Myt 88%0{0@0 tea?r\é\ﬁh%rgjag%g@)o %‘@?g@?ﬁg&ﬁ ggul E i ﬁg

whi tee soHighMas whh| a6 thr ighkt fdatidn empéht@8gincrEasing 8plubilityaih bethitde

D R oo R g Fabi oo SR M BB eSaetbel v
I(;g;] :CV:Sr Vn\?ﬁlﬂugﬁyt\gft kﬁﬁ%@e%{?&ﬁ%&%&an@e&dm&emraw@ ytere gimplaybd desng
| ab. Advég?iﬁ'éj@éo a@rﬁ%\&qaﬁq@%@n%ﬁl&gg&&écr ystza}l\?iss;ts?gnl Pr E)E]ee'?ﬂglng} } \(/:\2![ er
or ethanol produces material of good overall purity and <0.02% (R)-DHE. 15
USE1 OO: ( |IQr)} tﬁAé maﬁ é&algluwggc%ﬁ%@nmgeréMreTHEregggﬁ‘EW‘ng;mgf’APamge during
the initial heating of the reaction vessel and a fast reaction was observed (hydrogen
uptake). On reducing the temperature fo 55°C the reaction decreased significantly and
only on further addition of catalyst and an increase in temperature 1o ~65°C did the
reaction achieve compietion.
15 |
lsolation of the product was simplified by warming the reaction mixture to 77°C,
allowing sub-reflux temperature to occur and then filtering the catalyst from the reaction
mixture. The resulting solution was initially reduced in volume by distillation, however it
was found that the solution could be cooled in an ice bath and high purity material was
20 isolated by filtration of the crystallised solid in good yield (72%).

Procedure: 20-Ethylthevinone (0.244M, 100g) was charged to a 2L Parr hydrogenation
vessel. 10% Pd/C (50% wet, 10g) was slurried in EtOH (200mL) and charged fo the
hydrogenation vessel. EtOH (1L) was charged to the vessel, the vessel was sealed
25 and inerted with argon (x4). The vessel was refilled with hydrogen to 50psi {x2) and
finally left at 50psi. The temperature was set to 35°C. The internal temperature
peaked at 82°C and was aliowed to cool back to room temperature overnight {pot
exotherm). The vessel was refilled with H, , sampled and analysed by LC and found
not to be complete. The vessel was heated to an internal temperature of 55-65°C and
30 the reaction progress monitored by LC — the hydrogen pressure was maintained at
50psi throughout by periodic refilis. After 24hrs an additional catalyst charge (5g) was
made and the reaction continued. After an additional 16hrs the reaction was complete
by LC and 'H NMR. The internal temperature was raised io 68°C and the mixiure
transferred under vacuum to a 3L rbf. The Parr vessel was flushed with hot EtOH
35 (200mL} and the wash transferred to the rbf. The mixture was heated to 77°C before




Effects of (Rl and (S)-Di hhvdroetorphine in the Tail Flick Test of

Noci ception in the Rat 20The test nodel used is well known in the art and
is described in J. Pharmacol Exp Ther, 1941, 72, 74-79 (D Amour et al, A
met hod for determ ning | oss of pain_sensation)). The objective of this
study was to assess the potenti al dhal gesic effects of R~ and 5- 25 isoners
of di hydroetorphine (R-DHE and S-DHE), at doses of 0.1, 0.3 and 0.5 pg/kg
(R-DHE) and 3, 10 and 30 pg/kg (S-DHE), in a tail flick test designed to
detect eh@figIGPIF Papeh)c aplel cataljsh bedivas wirsitquhwittehdiyiDbig ik 800nde) amigheised as a

reference substance and fentanyl citrate.wa e r.

subst ancéltr ate4§ﬁ°'f‘i§§‘l*° %Sé?AW@ESyeWrW‘?EETﬁﬁltr%gesg(agﬁggi? gg@ég Eé‘ér ST ence
subst anc@a@n\r \Beire beforel Hisdring L bEeacalieciBt heptid aetsow pétiedewiftRicBHBIC BIQHIr | ess
liquid, used as free 5 nd_di I i - LQui-d:, used as

fr ee- bas é3"4’98‘f‘1‘|?-5 PEPERT ?f‘xéﬁ%m@hﬂﬁ%{ﬂ%@ g%%P{B%QeWﬁﬁe Obfa (766192%).
Citrsatebuffer(citricaci dnonohydrate: sodi um citrate: sodi um chl ori de: wat er
for irri gagf 01\% inthe ratio, 0.03:0.10:0.86:90.01 (g:9:9:nL)) [citric acid
monohydr af&8'¢(Mhi t e powder, Sigma, UK), sodiumcitrate (Sigma, UK), sodium
chloride (white solid; Merck), sterile water for irrigation (clear |iquid,

powder : [N ok J Chopnar 2P RS L o Fent any
citrate| ({AFt é" e’,{'g '} ! g ) 1t Gat n%(g?iggsgr?é%%anq,ag(mpar at or
substance storag€ =lhg Ztg,ggtg subst ances wer essdvened #&eadti@dm t enper at ure,

protected fromlight, ‘and t he reference andoa@ogar at or usiibst ances were
stored at room tenperature. ROUTE OF ADM Nic&TRAEI ONe!/AND*DOSE LEVELS 20The
route of admipistration of R and S-isoner 3f4ar d the vehicle was
i nt ravehowsog A TpgesietlytheriovteePef adrat ifimpt n ata'dwb%.¥-358%rans |i s i ntravenous.
The doses of I he5MRe BRIECRR4%: 70val, 0. 3%%Ad 0.5 pg/ kg. The dgses of the S-DHE
were 3,110 and 30 (FPRpOOSi He The dose—of_mprphinre was$ my/kg. The route
of admi hi%¥eat i'dH Bt fj/"l"?e(i%s féﬁgfg}pav@fuﬁ Ste Yhe'®#0%es of fentanyl were
0.5, 2 and 6 p%/%%"”’ LE%0f adnThistnatlon.of fephanyl was

i ntravepous. ARPRA!S épem &S ?fat St rai n: Spkagk8sDawl eys $ex: Mal e Nunber of
animal st 111 apinmals were allocated to studyu dnBepremeidai ng 9 ani mals were

returned to stock Yield 64%, 1.484g
0.8g 1 &g 20-ethylthevinone (547- Pot temp | Reaction complete
080-1), Pd/G (50% wet, 55°C after 16hrs.  Workup
0.60g), 17vol EtOH, 50psi Hp not cemplete,

100g 1 eqg 20-ethylthevinone, Pd/C | Maximum | Product ‘crystalllised

I (50% wet, 15¢}, 12 vo! EtOH, pot temp | from reaction mixiure

Bopsi Hp 82°C after removal of

Optimal | catalyst.  Yield 72%,
temp purity »99%

~60°C.

Analytical Methods and In-Process-Checks
10 'H NMR (400MHz) was used for IPCs plus HPLC method 38XB during lab work.

Reaction progress was monitored by LC analysis: the reaction carried out on the 100g
scale showed no 20-ethyithevinone and 96% of 20-ethyldihydrothevinone.
For confirming purity and for LC-MS work method product from the 100g scale reaction
was used in the analytical lab.

15
Analytical Results

White solid Ng 20-ethylthevinone remained. No other impurity

detected.




35Age range: 9 to 11 weeks (based on the average body weight) 42 Wi ght
range: 198 to 258 g Acclinmatisation: 6 days after delivery, before comrencing
the study investigation Source:Harlan UK Ltd 5 Aninal identification and
random sation Each ani mal was arb&}rarily al l ocated a uni que

i dentification nunber which appeared on the data sheets and cage cards.
Animals were identified by a waterproof tail mark. 10Ani mal health and

wel fare All studies were conducted in accordance with the |egislation under
the Ani mahalygiSci entific Procedures) Act 1986, with UK Home O fice QGuidance

t he il i ] i I i I Practi
Por the CRNREIEBELRoRInaLE AE s B ol O . R B L i
this stuehy, 2.3 (tovigher3i(5H,1BpRdc@tiund RRTBH2 MIBNB.OWhi ghtlhdd (bHﬁb(%? ate

Ct e : ) ey H g ;
severi yééﬁ-\mguétg (FPF§L%Q§W%&?§'%|({Q’WQ%@?’Id& s were housed in groups of up

to 5in ol ottom’'cag ring the acclimtisation, the
rooms andfCcilyEs(GiEle 78Mdandd- 48.78etfiPAr1 7 3t &1\AS, 28{6& Ry Bt 38 20 By gi ene.
The roo res bh 14 | tell o6 et14l08, 919.86,21282%1h

[ ant - aath oy B e 3000, e e TR D e Y e i o i ce
Ani mal s (3ereéntdificc 146.8¢edures) Act 1986. The roons were air-conditioned
and the ajr depperature and relative humdity neasured. During the

accl i mat i§ation period roomtenperature was nai ntained (range 19C to 220
and huni GiesidusiBoidest foyr'd NRhiNe residual 838°22% t 0 2544% The procedure room
ter’q&erature was mai ntai ned (range 20C to 21C) and humdity |levels were
within the range 22%to 26% D et and water A diet of RML(E) SQC (Speci al

Di et s SeAdiadagesw CrptirnisediRyoee8d mains tap water were 30 offered ad |ibitum
Each bat d?éing?!tr?et B rARIINEHER W {4 1872366 aNRAE RiFesesthiicabe 0of

anal ysis detaifing nutritional conposition and | evels of specified

cont am nértodectg. heavy netals, aflatoxin and insecticides). The water was

peri odi C@;k(!,q{,cﬁgﬁsg%gq@ﬁcgrygé‘mm hijg§ -@Ack. contani nants. The criteria for
accept abl e Tevels of 1 i

contam nants in stock diet and iiyer upply. were
wi t18 n t Adempatajure ohabayhee i veud ﬁBﬁ%aré%P%BP?"EH@éorb%?“W %’%fjrieg&’ nuf act ur er
and wat ebr@ﬁ%‘[ﬁétédﬁélo,nstﬁé Y&t Dedl #RINREEHNGEkIh hetdndeml dvias strainulstracBado ani mal s
were examned on arrival and prior to the study; all animals were healthy
and consiadécerptalie exslreadioler BRPEX| 89t al use. SEXPERI MENTAL DESI GN
Forrmul ation of the test, reference and conparator substances The citrate
buf fer was prepared by accurately wej ghi ng the appropriate quantities of
each conpPerassts %’tﬁiclﬂf:o(i?‘@%'@ﬂ'\’/?‘?‘?bcrﬂ’ﬁépf??“r? sterile water for irrigation. \Wen
t heyeconponents were fully dissolved the osnolality and pH of the solution
were measured. 10 The vehicle was deened acceptable as the pH-was 5.01,
which was within the“range pH 4.8 to 5.2 and the osnolali

nOsnol / kg, betweé® t he range of 280 to 300 mGCsnol / kg. The ' 5 then
termnally f} e- hr%gja M || extaBigBBt eri cup undgr Qs ndi tions
(% y \
O

and stored &

@ @ prior tq _use -

20-ethyldihydrothevinone {3) (S)-19-Propyldihydrothevinot (4)
Chemical Formula: CosHasNO4 Chemical Formu_ia: CogHa NO,
Molecular Weight: 411.53 Molecular Weight: 427.58

The results of the work are summarised in Table 12 below. Different ethereal sotvents
were investigated, with diethyl ether giving the best quality material, although the
25 difference between diethyl ether and MTBE was found to be relatively minor.

Generally, the crude material obtained from the Grignard reaction contained two main
impurities (~10% of each, LC-MS). Both impurities have the same mass [M+H]" =
428.4) as the product). One of the two impurities has been tentatively assigned as the



15The test substances, DHE (R and S-isoners), were fornulated for dosing
as solutions in citrate buffer. The desired concentrations (0.02, 0.06 and
0.10 pg/nL for the RDHE, and 0.6, 2 and 6 pg/nL for the S-DHE) for dosing
were achieved by serial dilution of_the appropriate stock sol utions which
were provided at an approxi nmate cofftentration of 20 ng/ mL. Stock sol utions
were passed through a MIllex CV 022 pm 20 Durapore sterile filter unit into
gl ass vials and each subsequent dilution with the sterile citrate buffer
was per f gpnaeliiBalSkemid, envtienirgaultatfioom thdongulestico nsgwepening egantionl ol t hi n

the known stabj|it eriod far (R) tored refrigerated, at
appr oxi matEsy 'Q@f“ydtfﬁf‘gefn?P@&ﬁiey&&a’?@;{&ag‘gﬁ%ﬁ%} 25The reference substance,
nmor phi ne hydrochl ori de, was fornul ated for dosing by dissolving a known

anount in citrate buffer to give a 1 ng/nL solution. A correction factor of
1.32 was applied tojehable the dose of norphine to be gxp

free-base. Sol ut ot gshly p@e@aéed and protedt ¢o light. 30The
conpar at or supst enfrarfyl citrate’~was fornmul/ata&d X0f Yod¥ng by

di ssolving a M\ N Ci trate-buffer to gi we_g st\Qek7/ sokuti on
concentrati onsH 0,36 g/ . This st tcé sol ution u p«g‘n ser | % diluted
Wi th citragecbuf fer toOgieve the finaf2concentrat'fd 0.1°"0° 4 and 1.2

pg/nmL. A correctign factor of 1.57 was applied to enabl g5t he dose of
fentanyl to be e&cgressed in terns of free-base. Solutions were 35freshly
prepared gnd. ed fir light 44 Goup sizggemidQsesmad. iiglendi fication
nunber s %ﬁ%ﬂgé@ggﬁfh?%’%mm groups, with up m(geclj@rw@é;@t;&gp,sgr oup. Each
treatnent group was given a letter (Ato K). The rats were randomy

al | @at edhtasecoedtmpurtty, gridcipsasra Sinkler detpntomni tmet(6CAS) g thsagedudnst he

pre-dose baselin al ues for aigl I LSsee below). Vehicle5 mkg
R. DHED. 1 PBUF Y “igﬁﬁl"’lﬁﬁ@?@g‘%’%E‘S(F{@BI%%H?J%&%%@BE\@@ E3 pg/ kg S-DHELO pg/ kg
S- DHE30 pg/ kg 15JFentanyl 0.5 pg/ kg Fentanyl 2 pg/ kg Fentanyl 6 pg/ kg

AMor phi ne5 ng/ kg 20The vehicle was—e{trate buffer. The aninmals were dosed
intravenously into a tail vein { v
pol ypropyl ene syringe with a B N G-E @A) 250 (0.5 x 16m) needl e. The
total volune of 5 nl/kg was deb+wgr ed—a{
over a 2 min 10 s interval pyeBhe st@rt amgdestop tine for the slow bol us
were recorded. The time of dosing was recorded in the raw data. 25
Treatment blinding Dosing solitprepgdnerahencoddd (A to K) so that the
observer did not know the identity of the treatnent groups. 30Body wei ghts
Ani mal s were wei ghed prior t6heestlifingmaladciedsiiCaei ght s recorded on the sane
day as the administration of suMbstwardieight: 427.58

Both impurities are removed efficiently by the methanol re-crystallisation.

10
The role of the reaction temperature was investigated with diethyl ether and it was
found that the reaction profile, both in terms of reaction progress and impurities (LC
analysis) were comparabie at room temperature and at reflux temperature.

15 Thus, the observed differences in purity noted in the reactions are thought to arise from

the different purification procedures (re-crystallisation using an oil bath and reflux
condenser with magnetic stirrer, or trituration via rotation on a rotary evaporator with

meihanol).

20 Methylmagnesiumiodide was also utilised and gave comparable results to the bromide.
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1.2% 20-EtDHT, 85% product (HPLC).
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35 vol TBME

10g




Tai |

20130 60120 Vehicle 5 nL/kg i.v.

0.4 5.60A 5+ 0.6 (9 DHE(R- isoner) 0.1 pg/kgi.v. 4.2 + 02 7.9 + 07"
0.6 6.3 +054.7 +0.44.6 +0.5 4.3;3+02 DHE(R- isonmer) 0.3 pg/kg iv.
420.3 92 + 0.5"" 7.7 + 0.7%

10

15

20

heated with MeQH: yield 75%, 7.79g, 96.4%
35°C /4h | purity ‘

19 teq 20-EtDHT rapid After compietion of MeMgBr adadition:
2.6eq MeMgBr addition, | 0.3% 20-EtDHT, 84% product [(HPLC).
35 vol Et:0 ne heating, | After work-up and trituration  with

stired 4h | MeOH: yield 53%, 0.60g, 94.8% purity

Analytical Methods and In-Process-Checks
'H NMR (400MHz) was used plus HPLC method 38XB during lab work. The reaction

was monitored by LC analysis of a quenched (sat NH,Cl) reaction aliquot: <2.0% 20-
ethyldihydrothevinol and 71% (S}-19-propyldihydrothevinol.
For confirming purity and for LC-MS work method UFC-LC-MUN-1 was used in the

analytical lab.

Analytical results

White solid 94 1 From MeMgi

White solid >99 Crude material had an overall purity of 81% and

contained «2% starting material

"H NMR (CDCl; 400MHz); & = 0.75 (1H, m), 0.85 (3H, 1), 0.95-1.1 (8H, m), 1.3 (1H, m),
1.5-1.7 (7H,m), 1.8 (1H,1), 2.0 (1H, t,d), 2.1-2.4 (6H, m}), 2.6 (1H,d), 2.7 (1H, t.d), 3.0
(1H, d), 3.5 (3H, s), 3.8 (3H, s), 4.3 (1H, 8}, 4.7 (1H, s}, 6.5 (1H, d), 6.7 (1H, d)

3C NMR (CDCls. 75MHz); & = 15.12, 16.96, 18.04, 21.91, 25.55, 20.88, 31.99, 35.53,
36.05, 38.97, 43.53, 45.17, 46.19, 498.09, 50.77, 52.72, 56.93, 61.32, 80.34, 97.05,
114.21, 119.06, 128.84, 132.48, 141.63, 148.97

LC; >99%

Advantages of optimised process
Reaction works in a range of ethereal solvents, although diethyl ether appears to give

the cieanest crude product.
Material of excellent purity is obtained foliowing a re-crystallisation from methanol.

Stage 5: Hydrolysis

flick latency (s) at tinme (mn) post-dose Treatnent Pre- dose 5 10
42 + 0.3 .2 + 0.6 5.0 + 0.2 5+ 0.2 4.9 +

6.1 +




76 + 0.8 6.1+03 5.2 + 0.4 4.6 + 06 DHE(R 4.4 + 0.3 9.4 + 0.6- 9.7 + 0.3m
8.8 + 0.5%$ 8.2 + 0.81 3.6 + 0.4'* 4.8 + 0.6 (8 47 isoner) 0.5 pg/kg i.v.
DHE (S-isom) 3 pg/kg i.v. 42 + 0.3 8.3 +0.87.0+0.97.0+0.75.7+0.5
5.8 + 06 4.9 + 0.4 (9) DHE (S—isongg) 10 pg/kg i.v. 4.2 + 0.3

KOH
MeO 0" OMe
(S)-18-Propyldihydrothevinot (4} (S)-Dihydroetorphine
Chemical Formula: CasHs7NO4 Chemical Formula: CosHasNOy
Molecular Weight: 427.58 Molecular Weight: 413.55

The reaction was run without significant changes (Table 13). Recrystallisation was

carried out from an ethanol/water mixture then ethanol.

5
Procedure: (S)-DHE (10g) was added to EtOH (60ml) and heated at reflux until
dissolved. Water (32mL) forming a hazy solution which was allowed to cool 1o room
temperature over ~ 2hrs. The white solid was collected by filtration. (4.26g, 42wt%
recovery). Purity 98%. Overall wi% yield = 45%

10 Table 13

15¢ (8)-18 propyldihydrothevine! (1eq), 185 Reaction heated at 185°C for ~ 18hrs
KO {20.85eq}, diethylene glycol with air condenser. Yield of crude
{16.6vol) 107%, purity 85%

Analytical Methods and In-Process-Checks
"H NMR (400MHz) was used plus HPLC method 38XB during ifab work for IPCs. The

reaction was monitored by LC analysis and quenched when no (5)-19-

15 propyldihydrothevinol remained. The reaction was 92% compiete.
For confirming purity and for LC-MS work method UFC-LC-MUN-1 was used in the

analytical iab.

Analytical results

20

"H NMR (CDCls, 400MHz); & = 0.7 (1H, m), 0.8 (3H,1), 1.0 =1.1 (5H, m), 1.3 (1H, m),
25  1.5-1.8 (6H, m), 1.85 (1H, 1), 1.95 (1H, 1,d), 2.1-2.3 (5H, m), 2.6 (1H, d), 2.7 (1H, 1), 3.0
(1H, d), 3.5 (3H, 5), 4.3 (1H, 5), 4.8 (1H, ), 6.0 (1H, br), 6.4 (1H, d}, 8.7 (1H, d)
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10

15

20

25

35% DHE (S-isoner) 30
V. 4.2 + 0.3 10.0 + 0.0555 9.2 + 0.8$$ 9.1°0.6 8.3 + 0.71" 4.9 +
+ 0.5 (8) Fentanyl 0.5 pg/kg i.v. 4+ 0. .8 + 0.6 3 + 0.6 52 + 0.6
4 4.8 +0.44.6 +0.4 (9 Fg tanyl 2 pg/kg i.v. 4.2 + 0.3 9.0 +

1 +0.4555 7.5 + 0.9 7.1 + g + 0.7 4.2 + 0.8 Fentanyl

3C NMR (CDCls. 75MHz); & = 15.10, 16.95, 18.00, 21.99, 25.37, 29.82, 31.96, 35.43,
36.15, 38.93, 43.51, 45.22, 46.50, 48.04, 52.72, 61.33, 80.42, 97.38, 116.61, 119.46,
127.92, 132.07, 137.56, 145.67

LC; 98.8%

Chiral LC ; 99.44% (S)-DHE, 0.554 (R)-DHE

Advantages of optimised process
Significant improvement in the purity of the crude material obtained from the reaction to

95%.
Removal of the methanol trituration - material recrystaliised from ethanol/water and

ethanol.

Stage 6: Recrystallisation

EtOH/Water

Crude S-DHE | Pure S-DHE

An increase in the water content to ~ 35% (total volume 9.2vol) resulted in the
formation of a white solid. Further recrystallisations from ethanol and ethanol/water

mixtures improved the purity of the material {Table 14).

Procedure:

(1) {S)-DHE (3.0g) was added to EtOH (10mL) and the suspension heated at reflux
producing an orange solution. The solution was allowed 1o cool to room temperature
over 16hrs. The resulting white solid was collected by filtration (2.1g, 70wt%). Purity

>09%.

(2) (S)-DHE (1.8g) was added to EtOH (7mL) and the mixture heated at reflux until in
solution. Water (2mL) was added and the hazy solution allowed to cool io room
temperature over 2hrs. The resulting white solid was collected by filtration (1.299,

72Wt%).




6 pg/kg 1.v. 4.2 + 0.3 0.0 + 0.0555 8.4 + 0755 8.1 0.7 6.5 + 1.0 6.0 + 1.0
6.3 0.7 Mrphine 5 pg/kg i.v. 4.2 + 0.3 10.0 0.0 10.0 0.0 10.0 0.0w 10.0
0.0 8.7 0.9w 6.2 + 0.9 (8) Vehicle was citrate buffer [citric acid
nonohydrate : sodiumcitrate : sodhyn1chloride water br irrigation in the

ration 0.03:0.10:0.86:99,01 (g:g9:9g:nL)] Data are expressed as nean + SEM N
= 10 ani mal s per group, unless otherw se stated in parenthesis. 5*P<0.05
and **P<0. 01 when conpared to vehicle (ANOVA) and Dunnett's t-test).
5P<0.05, S$ P <0 . 0 1 and $$$P<0. 001 when conpared to vehicle

( Kruskal -\é&l lis and Dunn's test). #p<0.05 and 44f#P . 001 when conpared to
vehi cl e (RBIRAH Wi j s i ne (R DHE) on tail
Flick WitFoTERED

at a dogg © ,
|l atency|at 5109 n post - dode! i 88350, 7 |s; refax<Q terWﬁdéfQ@ AR
t-test) |when conparkd to R@WWaEE group data [ B9 eggﬁ'p’uﬁ BVCGIE
admi ni stration of R-DHE at 0 _3.nglkg-eaused e eant m the
tail flick wiPhdrawal |areWiFQi 5 and T0 i %@;&%é@ﬁbzﬁg‘“ oSV B e |p
<0.01; ANOVA—and—15—bpnnett s—t=test T 7T od,x O 7 O RebSKaledVl | i s
and Dunn's té‘gg, resB%%Y? {(/ég?}g ét%@% conrggL?Xed h&%&éﬁ%ﬁbﬁe@fw@mwwa (5.2

0.6 and'5-6—62—s, respectTvely) but had no effect at any other tine
points. Intravenous adm nistration of R-DHE at a dose of 0.5 pg/kg caused a
si gni fi camalylicet Metwesjand {mBracass-CReFkek wi t hdr awal t?ﬁtenc ?15 5, 10, 20 and
30 A n pos NV $0MHz) wag uged plup HED ConethRIEX B Ui éf‘f"t“‘é’r ¢%st: 9.7 0.3

s; P 20<%-§>P§é{%qr§ﬁr% 4%\9';@5%.—15’ 150L OMS Riofk nfefbdSUFE-LOMUN-1 atds gedsiahe Wl | i s

and Dunn respectively) when co t ehicle gra ata (5.2
0.6, 5.0 anglytikal %aby Fop con ﬁ&lﬂm?@fa'mUﬂ*ys??eﬁ@gB@%‘?ﬂ\?éﬁW‘? RS |f’|H2‘2%t

decreaseaggway%g_in the tail flick latency at 60 mn post-dose in the 0.5
ng/ kg group’i's not considered to be pharnacologically relevant. No effect
was noted at 120 m n post-dose. These data indicate an 5 i medi ate
ana1(’gesi_q!\rm1mi@‘al resutth peak effects at [ oximat el and 10 min post-dose,

A H

returni e control) by the 60
m.n pos DHE, i.e. the 50%
MPE, wa 420 and 30 mn

post - dode, rwaipesdidvel y. Ther89%%as no |dose ©P8iSonse gt the 60 and 120 min
post - dose—ti-re—potnts—Ef-fects—ofDrhydroetorphine (S-DHE) on tail flick
wi t hdrawal | atency (Figure 12) Intravenous admnistration of S-DHE at a
dose of Rgghtkgedoicbprimisesipgoiebs cantly affect tail

Recrystallisation from ethanol/water or ethanol produces material of good overall purity
and <0.02% (R)-DHE.

15

USE OF (R) AND (S) DIHYDROETORPHINE IN THE TREATMENT OF PAIN

Effects of (R) and (S)-Dihhvdroetorphine in the Tait Flick Test of Nociception in the Rat
20 The test model used is well known in the art and is described in J. Pharmacol Exp

Ther, 1941, 72, 74-79 (D’Amour et al, A method for determining loss of pain

sensafion)).

The objective of this study was to assess the potential analgesic effects of R- and S-
25 isomers of dihydroetorphine (R-DHE and S-DHE), at doses of 0.1, 0.3 and 0.5 pg/kg
(R-DHE) and 3, 10 and 30 pg/kg (S-DHE), in a tail flick test designed to detect effects
on nociception in rats. Morphine hydrochloride was used as a reference substance

and fentanyl citrate was used as a comparator substance.



15 flick withdrawal |atency at any tinme point tested when conpared to
vehicle group data. Intravenous adm nistration of S-DHE at 10 pg/ kg caused
a significant increase in the tail flick withdrawal latency at 5 and 10 mn
post-dose (9.7 0.3 and 9.3 0.3 s respectively; both P <0.01;

Kruskal -Wal lis and Dunn's test) whéh conpared to vehicle group data (5.2
0.6 and 5.0 0.2 s, respectively). A significant decrease observed in 20
the tail flick withdrawal |atency at 60 m n post-dose was not considered to
be pharnmacol ogically relevant. Intravenous adm nistration of S-DHE at a
dose of t increase in the tail flick w thdrawal
Iatency i%sg%q%‘c%égﬁé&?@{”%ﬂ%&@s -dose (10.0 0.0 s; P <0.001; 9.2

0. 8s; P 3@sGlips@ndes, BeféencPsutBidpod anKvels®lal Wal | is and Dunn's test and 8.3
0.7 s; P.<0.0 NOVA and Du ' - ;i tii. val onpar ed
Lo veni cMEGPBHENMa a (5.2 DIGUosRgbribF DL OERERE HhYE: Yot B0RcE

r esgect i wabg))and Hilgsmeatiaplanée f&:}Dd:iﬁtf'@u@lnumdmfr%ﬁt baggnal gesi ¢ onset with peak
effects t 5,.m do me tur ng i. | ues

( conpar abl eglc[éqo{ﬁg{%bgﬁg{:e cgﬁﬁaﬁéol )b@% émt’gg a'&ld rﬁ d%@gl%{t%'grrﬁdm% nt.
30The estitm:saivEDEBloode DiHEr (0$4rrl§&iwerm’th$ ragio, 9@@05 WEO Ohdg:om: f.“LE) 3. 80,

7.52 and &che?mmg?%hgt%ra%hga@% g&ﬁzﬁ,@ @KPO%@@%@@ qg%w@ y. There

was nho dé)se response ost-dose tinme points. Effects

of fent asgdivonchiaide Whiteksohitly N@rcés\)\asﬂemiatw%wfqrprf@aw {cigar liggick (Raxienous

ad istr ntanyl at a dose of 0.5 ng/kg did not significantly
r’qed(:t tz'a—?eltalﬂg%l th hdrawal |atency at any time point tested Wnen conpar ed

to vehi cIRefeyenagmubatance:] nt r ablormhine %Yﬂ@@ﬂ'%’ldﬁdwhéﬁ PeWIere Magiarian axmidh pg/ kg

resultedédfhb@i g ficant increase in the tail flick withdrawal |atency at

5 and 10 mn p?(?ét ose (9.0 0.7 s; P<0.01 and 5 9.1 0,4 s; P <0.001,

respect i @Iﬂ}paraj@twbnﬁagﬁkal VERNREY| Siv@teuie Sowdet Sigate donpared to vehicle

group data (5.2 0.6 and 5.0 0.2 s, respectlvel y). Intravenous

adm ni stration of fent anyl at a dose of 6 ng/ kg caused a significant

i nct®ease leal. raierepeg ATEHDE $HD £ SIOR¥Nncy at 5, 10 and 20 mi n post-dose

(10.0  01oSeqihy ‘BQt-a Qé's; wgre43to:%d7at5roor|ﬁ Tépr@F'b;turﬁ %roi&te]d fomBlighQ. 9, the

respectlveF LII Kruskal -Vl lis and Dunn's tes g? en 10 conpared to

vehi cl e gfpf@wpcaamécqrspazatoowéasias?ces wgrepstgied a raom fpmpegatui€asnect j vel y). These

data indicate an i medi ate anal gesic onset with peak effects at the 5 mn

time point, returni to baseline ues nparable to the vehicle
control) F@U'ﬂ;h@ GWM&‘HS-B%F%@@D@Q%E}BEV&?S 15The esti mat ed ED50 of

fenécanyl The - Butet fead?@bisiiion Mﬁﬁ énd‘B isdm@bforths1di @NE @d%en@nw abs5, 10,
20 and 30 m n post-dose, res t i vel There was .no dose resTgsen%% at 60 and

120 nin p’ﬁ@t\’@%@e A PRESIBIR ot ° r3HoN, B MRS 'S THRVeIYSE ES and

f ent anyl o?@aEmDE@Qer\éaiueﬁs sl Glsh,@t/i@d TrerdoBeDoFhe $-DHE vand 3f edbangd wer e
conpared to estinmate their relative potencies (Table 16). The data suggest
t hat duri“ﬁé‘gt he first 30 mn, after a single intravenous adm nistration of
each Comé%sb%ftrﬁ&pﬁﬁb&wb&ﬁ mdRQYIE Thadroare anafigekiratigrobemoypHifeaass 5- to
23-fold that for tentanyl, S-DHE had an anal gesic potency of 0.3- to

0. 5% ol d MUYENYE: fent anyl, and that R-DHE has an anal gesic 25potency t hat
is 17- tgnbQuked & fbmahylfmrre 8§-3nd T hd/ky. 16he EDGO ol/adroietstralith afdepamat i ve
ratios of R-DHE, S-DHE and fentanyl Tine ED50 ED50 ED50 ED50 rati o ED50
rati o EDSGSIMAVE"BEst - dose R-DHE S-DHE fentanyl fentanyl/ fentanyl/
fentanyl/

ANIMALS
30 Species: Rat
Strain: Sprague-Dawley
Sex: Male
Number of animals: 111 animals were aflocated to study; the remaining

9 animals were returned to stock
35 Age range: 9 to 11 weeks {based on the average body weight)




(mn) (nmg/kg) (pg/kg) (my/kg) R-DHE S-DHE S- DHE/ RDHE 5 0.08 2.17
1.14 14 0.5 28 10 0.23 3.80 1.24 5 0.3 17 20 0.25 7.52

42

Weight range: 198 t0 258 ¢

Acclimatisation: 6 days after delivery, before commencing the study
investigation

Source: Harlan UK Lid

Animal identification and randomisation
Each animal was arbitrarily allocated a unique identification number which appeared on

the data sheets and cage cards. Animals were identified by a waterproof tail mark.

10 Animal heaith and welfare
All studies were conducted in accordance with the legisiation under the Animals
(Scientific Procedures) Act 1988, with UK Home Office Guidance on the
implementation of the Act and with all applicable Codes of Practice for the care and
housing of laboratory animals. The procedure adopted in this study is covered in

15 procedure number 213N, which has a moderate severity limit.

Housing and environment
Animals were housed in groups of up to 5 in sawdust filied solid-bottom cages. During

the acclimatisation, the rooms and cages were cleaned at regular intervals to maintain

20 hygiene. The rooms were illuminated by fluorescent lights set to give a 12 h light-dark
cycle (on 07.00, off 19.00), as recommended in the Home Office Animals (Scientific
Procedures) Act 1886. The rooms were air-conditioned and the air temperature and
relative humidity measured. During the acclimatisation period room temperature was
maintained (range 19°C to 22°C) and humidity levels were within the range 22% to

25 44%. The procedure room temperature was maintained (range 20°C to 21°C) and
humidity levels were within the range 22% to 26%.

Diet and water

A diet of RM1({E) SQC (Special Diets Services, Witham, UK) and mains tap water were
30 offered ad libitum. FEach batch of diet was delivered with an accompanying certificate

of analysis detailing nutritional composition and levels of specified contaminants (e.g.

heavy metals, aflatoxin and insecticides). The water was periodically analysed for

impurities and contaminants. The criteria for acceptable levels of contaminants in

stock diet and water supply were within the analytical specifications established by the

35 diet manufacturer and water analytical service, respectively.




3.11 12 0.4 30 50 300.4220.959. 68230.550 Effects of norphine on tail flick
w t hdrawal |atency |Intravenous adm ni stration of norphine (5ng/kg) caused a
significant increase in the tail flick withdrawal |atency at 5, 10, 20, 30
(10.0 0.0 s; P <0.001; Mann-Wiitng % U 5 test, for all 4 tinme points) and
60 m n post-dose (8.7 0.9 s; P <0.05; Mann- Whltney Ut ast) when conpared to
vehicle group data (5.2 0.6, 5.0 0.2, 5.1 0.2, 4.9 0.4 and 5.6 0.4 s,
respectively). 10CONCLUSI ON A single i nt ravenous adninistration of R DHE at
doses of Health sfd and 0.5 pg/ kg and SDHE at doses of 10 and 30 ug/ kg caused

a signifi 'T‘i\‘r Qatn rﬁiﬁ%@veg%gmﬁgﬁ oh @gfvslaéﬂ?j bifbrk8ehd @l Tl dhimat WREH Ruvikhy | at ency

of male ra ost-dose. Intravenous adm ni stration of fent anyl
at doses atnﬁc!ﬂ%\dﬁjeﬁsw@bledotm@émeata‘sﬂ%|f|cant dose- 15dependent i ncrease
intail flick withdrawal |atency up to 30 m n post-dose. The ED50 val ues
calculated for R-DHE, S-DHE and fentanyl were conpared to estimate their
rel dlive E@QH@HME&E‘%‘%?'@MG) The data suggest that during the first 30

mn afterFo%gélé@)@_;ﬁ%fe%ﬁ,Y&@r%Hé% BULh S £8t bastufogach compound in the mal e
rat that gesi c pot ency is 5- to 23-fold,that for
f ent any| ,The-aiire taferanas RENGESS) }éy perLEsely \%?‘9@“9 thq 8PRIoBIgte IHaptHigs obf

fent anyl eg@t‘%&lg:}%heﬁ DHE diegiay anm gﬁsétérrleoﬁvﬁfe?ymi haigatich. 17Whér@ th®-f ol d

that for e duration of o anal eS| c activit DHE and

S-DHE f olcPBWPRR1S wereafv@h@a%o?@araﬁpﬁmegriaﬁﬁarPth ghe SgHtY vRE %%%Sé‘rfﬁ
bengfit apd Jehr%{eé\r?é‘y&é&n&%&%btaele é’sf thbm@agfsrmoum@ Wed $lfien rwee@hgent of

acute pain. fects noted f adm ni strati on of rTDIéSQI ne are

consi st et 4f thS ?t@dlﬁr‘\%ﬁﬁ“@ﬁ'&)‘ Wﬁ%@%ﬁ?%‘l“" gt peiyesn Hisdapdrd 480ite

syst em Waso§RARG! | Yife Lenielgt s tHéﬁCﬂeﬁﬁrahuyvelte?v@@ftrﬁreggrs a Miidx The steBlp nodel
used is well known in the art and is bed in Pain 1992; 50: 355 363

(Ki m SH, UoHeRsenta conﬁiﬁm@%'écr PR R ﬁ’ﬁ@lél Cf%'rof Be¥S8her al  neur opat hy
produced by segnmental spinal nerve ligation in the rat) 5The potenti al
anal gesi ¢ _effects of dihydr eto hi ne foIIo i nt rayenous dose
of 1, Jhstesiguestangss Pég(( BT WSS %@P@'iﬁ??‘a‘rﬁ SIBE o 3. 10
and 30 pg Kﬁa{esbufﬁa@rreme dié‘arrbb%ﬁﬁrﬁhriﬂ@hoﬂbem/@ 6. @eﬁn@m de@’(TLOafo(rj rﬂmJF{eEat |h| ;:
pain was jnvestigated eri pher at y. uas_induc in.the left
a1 o s done gD OTEas Sie SOTREN S e p R bl e
devel opmgmitionf ofnﬁr@h@ﬁbrﬁrﬂlat@sld@dyeml@oﬁ@ vaieh tveey pedvideypatr ad gieeuoarmms

noni t or ed usi n est |shg &gehavhﬁural tests é on FEr eé” % Sévﬁ'é‘i
Hargreavé?gﬁclﬂng HIPEs I9YS WRES DTSR RO E ey reference
subzgf anc @uadisb rfmegabrmbr Oniveso plasdvials aad (Banfpaumgquestmjshcanwm tHEESTile
SUBSTANCES AN TERI AL st anees. . \r ef npar at or
subst ancét r&f?dBU%/A Ypede ?fé%%dﬁéwz‘%@%&%‘ %%Varog{)rﬁp‘%ﬁmﬁgqﬁﬁg arg and

Di hydr oetnahiplth@ &nd v sbiigr peride ioralRe M ata storathefigefaed rateps!ubls"taé&iy: es:

i i.d _nonohydrat e: sodi um citrate: sodi um

((:)hlt ot gegtr ‘;ﬁftlr gec‘?{}df%{%‘gf":r%ﬁ‘”?he ratio 0.03:0.10:0.86:99.01 (g:g:g: n):

[citric acid nonohydrate (white powder; 20Sigma, UK), sodiumcitrate

(Sigma, UK, sodiumchl oride, (URhE &yiPdchBricMBuRE) ormligle! or dosing by
dissolving a known amount in citrate buffer to give a 1 mg/mL solution. A cotrection
factor of 1.32 was applied to enable the dose of morphine to be expressed in terms of

free-base. Solutions were freshly prepared and protected from light.

30 The comparator substance, fentany! citrate, was formulated for dosing by dissolving a
known amount in citrate buffer to give a stock solution concentration of 0.36 mg/mL.
This stock solution was then serially diluted with citrate buffer to give the final
concentrations of 0.1, 0.4 and 1.2 ug/mlL. A correction factor of 1.57 was applied to
enable the dose of fentanyl to be expressed in terms of free-base. Solutions were

35 freshly prepared and protected from light




water (clear |iquid;, Baxter Healthcare, UK)] Reference substance: Morphine

hydr ochl ori de (white powder; Macfarlan Smth, Edi nburgh, UK) Conpar at or

substance: Pregabalin (Trade name Lyrica(r); white capsul es; 25manufactured

by Pfizer and supplied by Lindsay &, G | nmour Chem st, Juniper Geen,

Edi nbur gh) Vehicle for conparator substance 1 % w v Carboxy

nmet hyl cel | ul ose (CMC, powder; Sigma, UK) 30Test, reference and conpar ator

subst ance storaae The test substances were stored at roomtenperature,

protected fromlight and the reference and conparator substances were

stored ats, gggg&égeggggsaé%rlﬁeq; E @ HAlM NI STRATI ON AND DOSE LEVELS 52 The

route of mer fornms of di hydroetorphine and

t he vehi dhere( wérer dlt e hlegrpupiavithnr @viénsissperaiper-i sagh peateysnt eoup out e of

adm ni str i T f n P9/ kg

and the J\%Ee@%ﬂ e[‘tg'f%ﬂ%(‘ﬁ) i hﬁ@%ggg,ﬁ% raﬁd&?ﬁiﬁ é@@é@cegierl’gﬁ%g%gﬁ@gg% ﬁl stration

of rfbr phitieedayaryior i ﬁ%ﬁﬂ@b@ﬁﬁd oTHiBe a&@s&rba%k%vws\/&agfhs tailiggtestrisee r out e of

admi ni st ra g, n of the conparator substance Pregabalin was oral. In Phase 2

of the study, the dose of Pregabalin, was 30 ny/kg. For Phase 3, the dose

| evel s of the conparator substance, Pregabalin, were 30, 50 and 100 ny/kg.

10 ANI MAIS Speci es: Rat  Strai n: Spr gggigie Dawl eynmgg Mal e 15Nunber of aninals:

75 animals were surgically prepared. Age range:6 to 7 weeks (for surgery);

8 to 9 wéeks (dosing Phase 1): 9 BPHB weekd (HEP&%% ng Phase 2); 11 to 12
(desing Phase 3). Weight rapgssd39 topi8gg (for surgery); 190 to 257

g ( osi ngf( Phase 1); 210 to 284 g (dosing Phase , 243 to 341 g (dosing

Phase 3) * 20Acclimati sation: 3 day Eer defi , before comrencing the

behavi ounal testing Source: Harl anglgif4tt d Ang rrg)kgi dentification and

random sati on Each ani rraéé:\gg% ar bi %{i @) |y all ocated a unique

i dentifi¢htion number which appeaPt n 25t FRRHEEPa sheets and cage cards.

Animal s were identified by a wat esm[-cp@f t ai 8o pgkl. Ani mal health and

wel fare Al studies were conduct d in acco ance with the | egislation

undr the Aninals (Scientific Pro %‘HE‘F}@S) A ”Pé‘@ﬁ with UK Home Office

Gui dance cpn the 30i npl enment ati on génta;hlp Act2apttgwi th al |l applicabl e Codes

of Practice for the care and hous]:nI% I abgra}kory ani mal s. Housi no and
envi r onnent any HO/Kg
A Morphlne 5 mg/kg
20 The vehicle was citrate buffer. The animals were dosed intravenously into a tail vein

using a dose volume of 5 mlskg and a polypropylene syringe with a Becton Dickinson
25@G (0.5 x 16mm) needle. The total volume of 5 mL/kg was delivered at as constant a
rate as possible over a 2 min £ 10 s interval. The start and stop time for the slow bolus
were recorded. The time of dosing was recorded in the raw data.

25
Treatment blinding
Dosing solutions were encoded (A to K) so that the observer did not know the identity

of the treatment groups.

30 Body weights
Animals were weighed prior to testing and body weights recorded on the same day as

the administration of substances.

Procedure
35 1. Acclimatisation



Ani mal s were housed in groups of up to 5 in sawdust filled solid-bottom
cages. During 35the acclinmatisation, the roons and cages were cl eaned at
regular intervals to maintain 53 hygi ene. The roons were illum nated by
fluorescent lights set to give a 12 i ght-dark cycle (on 07.00, off
19.00), as recommended in the Hone EJffl ce Animals (Scientific Procedures)
Act 1986. The roons were air-conditioned and the air tenperature and
relative hum dity neasured. During the acclinatisation period room

t enper at uDre onaocbashoai pticri tneb:éh(amamgét@ﬁngf; dagh 22irGyl wasl sbivjedted ty rowinel s wer e

vvithinterne46% % erature was
mai nt ai ngwt'ii Eﬂa@gad.'éj af@ t%(%?%to(’:?e o?x?a?ga%'{ﬁg ERWS S V\rﬁgre within the range
26 % to 43B¥selibedchanclradestingl0An expanded rodent diet of RML(E) SQC

( Speci al er VI e fered ad
l'ibitum 1@3 ﬁ%b Ten” fee%ofl etéa/g"%%'%ﬂ\?@ﬁg'dgﬁ @ﬁor t@ﬁhg‘@%ﬁé ?/li Tﬂ(é:e?t%l ficate
of ahal ysiae (f@nafousyd,dsed khagbsarved initodafoceduwpasdmi Jﬂveaﬁﬂ iCbiﬂ@t seof
f JrYnles . Th
vator wad P B AR Ted g B SRS pe i MO DA R L) - The
criteria uaeesinawaa,mepﬁramoeelt@eeﬂr@ v:ﬁﬂuasdmrarﬁah@mas then final dex rapding 4hE wat er
SUPPLY VI8 Wolir8 #r0CaRN Sp¥diCRtsSREE! AdiCRUILARS be%apééosagg aRYortfig di et
manuf act urer and wat er “analytical service, respective stat us
20The aniaselirgatisetian)exami ned on arrival and prior to the st udy; aII ani mal s
heal C i r t NTAL
DT Form e BB B B B L o e 25The
ci t rate M#sfieritads S@rﬂé@a!t’c‘etﬁilbyasa@@ﬂ?%eélqif%y @N?"H&et heagppyoTe: atlee
quant i ti g, @\% %@&Ee %%Dﬁ%@ﬁrh:? ﬁé%ﬂzodb%%%ivér@s dhgR vé?u@r @MAC@ (Wathgrtaif or

i njection. conpone s were fully dissolved the osnol al It@i} and pH
of the sd‘ldﬁfﬁ’f@ﬁ CM!@B wEasdrssgrceTHauAIsRES b apfhatarbe HEET a@e@bﬁ%m@ﬁ Yt he pH

was 5. 03’re%\@eﬁala t%ﬁm@té@ﬂqoﬁﬁﬁe&gﬂt%rﬁw 8r ﬁnggﬁh@taﬂaﬁ%et’iﬁlﬁﬂs@z@mn@b Wy was 295

mOsnol / k tween the ra The vehicle was then

n

t er t8 nal Inptéﬂ fipx %&@cﬁ%%@'oﬂ%ﬁ ifraved I”é@@st'}(/"@% &¢h atdg>¢ @“‘gﬁ‘ep’ﬁﬂ)f'mp'f”é?')gﬂﬂlnder
aseptic Q)@@(b&%@é‘% apé !ﬁt Qﬂ@& %szﬂpst ONBn-fedtoh@ihg t #hiM8I8 - were théRfork est

subst ances roetorlp ine (R and S-isoners), were formulated for dosing
as sol ut |3(H?@t$d1a@f|'tf'¢raWé 'Bﬁ?f‘ﬂé?fmﬁne desired concentrations (0.02, 0.06 and

0.10 pg/ @L@?éjﬁnso&mn%nﬁ%%r@éso@eﬁkeﬂa6 2 and 6 pg/nL for the S-isomer) for
dosi ng were achi eved rial dllutlon of the aggroprl te staock

sol ut i ons‘\%@iﬁﬁv%ﬁé‘dﬁiﬂb&/?'@éﬁtegttoéﬁ‘? HPRMERS HRLes &b BhP 418 O B39 pg/ L.

Thep@Ct UglosiRgSRBY bALHOseost Basaihe ellusotouthicoms fisRsesnot ed in the raw dat a.
Prior to serial dilution, stock solutions were passed through a MIllex CV

0.22 urn4D@P§’B%F18d??‘@V‘quéalft?qt’f’%r unit into glass vials and each subsequent
dilution T‘éuewfaﬁih\awﬁeve% efidtl fasﬁddt fet endbufddr wasi pekf m@dveby sérivrinbe

mani pul ati on. o] 0 s _.appl forrru wer e

pr epar ed a&@”"f‘ﬂ@*?')’ e1 aéé\ gfﬁ:ﬁ}ﬁ it ?@ﬁ@“\ﬁg te&fﬁea(ﬁ"gpéasl?% \ﬂfnis‘tgﬁtﬂf t he
study dosglobiiglal Recstipsieweagnsizetledtl- 2 days fol l ow ng preparation) wthin
t he_kno tahiljt or R-DHE which was 11 days. S-DHE was used 1-2 days
f ol Towi W& g?é’ﬁ%ﬁt&f‘gon Dosi ng sol utions of dihydroetorphine (R and 5-

10i somer ghywemeal sbosirdaeafis bgenmiad grab vmmneméhmtatj el yedicd) duuinmﬂontdney vver e
required for dosin The reference substance h|ne hydr o

f or mul at &f ?'E)C?O@B@i%ﬁﬁjyb;e/r LS RVASN I IS rg% rqt OO Ty ‘{“gmﬁﬁf‘ foer to
give a 1 tmafimd testhgipérd. A correction 15factor of 1.32 was applied to
enabl e the dose of norphine to be expressed in terns of free base.
Solutions were freshly prepared and protected fromlight. The conparator
subst anc STARIEYGhAIANALYSHS fornul ated for dosing by suspending a known

anount i v CMC to S e f e 3, 520
and 10 n&f%ﬁﬁ%sﬁ?gﬁ’ﬁﬁ?@ aﬁ? "g%oé gg{wgéf [blﬁg (Eq;eggj Sﬁoorggr‘;% ectglpgﬁ%f act or
was requifgreahyl berupt arits thheveRickgatsabi usingegsardustid asca-faraecbastatisBipensi ons
were freshl repa pr droml i . o] I , and
i dentifi 850[0%8@:‘9%“ n‘g_gg S%gce P tp%(rgn?&né (8:';@ Whgflqna}ygs HP validfkeR (M\?ﬁ),
Dunnett's t-test) or non-parametric (Kruskal-Wallis statistic, Dunn's test and Mann-
35 Whitney U-test) statistical procedures was based on whether the groups fo be



25There were 5 treatnent groups, with a maxi numof 10 rats per group. Each
treatnment group was given a letter (Phase 1. Ato E, Phase 2. Fto J and
Phase 3: Kto 0). The rats were randonly allocated to treatnent groups on
the day prior to dosing based on the pre dose baseline values for the
thermal hyperal gesia test (see below). Phase 1: 30CVehicle5 niL/kg, i.v.
R-DHEO. 1 pg/kg, i.v. AR-DHEO.3 pg/kg, i.v. R-DHEO.5 pg/kg iv. Morphineb
ng/ kg, iv. 35Phase 2 55 Vehicle5 n/kg, iv. FS- p i.v. S-DHELO
pg/ kg, i cumparscmaﬁsf@dp@ekrgamwgemertsswa@wsalquﬁea@nn@mgaieg Qy theHeavena:

Vehi cl el r | i n50 nmg/ kg, p.o.
s egagf‘a tél-%%f Fﬁ?sg %{ﬁgég%ﬁfgﬁﬁcnﬂ%(&s?&e‘alv%rH\?B ae}ﬁg@?m n50 my/ k
vehlcle citrate buffer was used for Phases 1 and 2 and the oral vehicle,

%WV CMygiigs tﬁ!—:s(%!a fv\%Fe g&ﬁ%ﬁe@to Al ﬁlaﬁ;ﬂ&r@@b%ié@fﬂeﬂﬂ) r(ﬁhﬁé’@% 15

treatrrent groups we dosed 1nto a tail veln usi ng a dose vol une of 5

nt..9 kg 468 xa[tq@wcpptrqib(ywe@fb-cgvtrqlh\g*éerw qomtrgl Bf@étﬂaﬁwﬁtbl AR OMBPP8YATB: 5 x 16
) needliggr JAE 1hOLBL do@%ro%\égﬂﬁhb% X84 Wik offf whs Mhd ks dekdncargidnat as

constant a rate as oEOSSI over mn 10 s interval. The @bg and stop
time for stimeluslabows (twa"pvf@fn@u@Cbbl%S%%p%@&Paf@a forgRchomes of d to oral

treat ment,,gr-odps £d SR R¥reQechbrdyRethe RS b raatidn Jithevisdintsanef 10
m./ kg. Ttﬁue]8 s ewéom n%s rceq:orded in the raw data, Tr e?t me&{gﬁbl i ndi ng

Dosi ng scﬂw%%rﬁ%@%éﬂpéf @%%&@a caipiaiaeds Analysis Wes PegaRedon (o d38e phase

3 {510 Q)y®p L}s%tatn'%ﬁl:r@éﬁ‘?ég#%s%rv\@m@ AWesBNBS @g@:fo:daheowimpmse ofst he
treat nent groups rat or substance in Phasge of .the study

was admi @ostdaseddasy f@ddi@rﬂfra?féﬁ? o haselne guthe 8Ppand é?%dB'”m}é@erf%Pe B Mhded to

the perS%aicm%ﬁér%rvver@geamed@ﬁ%é@g dapd was encoded H Al so, as the norphine
control in Phase 3 was admi nistered intravenously, and this was a different

route to the vehicle and conparator substance groups (oral dosing), the
mor phi ne ggrepuirgwas not bl i nded, and was therefore encoded 0. 30 Body

wei ghts _Aninmals were wei hed rior . oSt -0 tively
(POS andherdregmegay ¢ ‘8%’? 8 adpy ﬁﬁ'ﬂ't' M%W@ﬁ%ﬁ??yﬂ{ {) %rgégﬁ@es and
body wei ghbe Mermhe ES.ONEI86s calculated for R-DHE, S-DHE and fentanyl were compared

to estimate thelr relative potencies (Table 11). Time-course graph plots are presented

in Figure 11 to Figure 13 and EDs, (50% MPE dose) dose response curves and data
are presenied in Figure 14 to Figure 17,

20
Table 15: Effects of Dihydroetorphine (R- and S-isomers), fentanyl and morphine on tail

flick withdrawal latency in rats

Tail flick latency (s} at time {min} posl-dose
Treatment Pre- 5 10 20 30 80 120
dose

42503 52+086 50+0.2 51402 48+04 56+04 | 51+06(9)
Vehicle
5 ml/kg i.v.
DHE (R- | 42403 7.9+07" 6.1+06 6.3+08 47 +04 46+05 484+03
isomer)
0.1 pg/kyg Lv.
DHE (R~ 42403 | 82+05% 7.7 0.7 764028 6.1+09 52404 4.6 +06
isomer)}
0.3 pg/kyg 1.v.
DHE (R-| 44403 | 94z+06" | 97503 | 88:05% L 821 0.8° | 36104 | 48108(8)
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58 In Phases 1 and 2 of the study, follow ng dosing (approximately 5 mn
fromthe start of dosing) and at approximately 25, 50 and 120 mn
post-dose, the left and right hind paw of each rat was assessed for

mechani cal all odynia using the Von Frey test. At approximately 15, 35, 60
and 130 m n post-dose, the left ané right hind paw of each rat 5was
assessed for thermal hyperal gesia using the Hargreaves Plantar test, to
investigate treatnent effect. Al tine points were with respect to t he
start of relpetihgly) MePPmasxea@ddb veheleﬂfmdydatat@érip@ 6x5.Aet®Ry5.66,0.220d 180 and
240 mn 0s f: essed
For mechan 601 S oAy Sl Sesrbale dosPRein FRALIAE e Y70, 130,
190 and 2%0 gushdpsesin @IE@ES &gl grbup a$1d10|f|<@ﬁ§¥dﬁi&ddfolbﬁlnﬁ@rrﬁﬁc%%¢ﬁ Yat were
assessed he A nt re n e to

i nvest i ga%lgvaf t}ea ggénf J&Y%ch&ggér m ngﬁl oﬁ%tﬁ%ngtﬁN%%aﬁétﬁahg&aggr 2&

t er ré nat gumbsfiateeansigsalc afisell wBRPEAneTasts FiPRtPXipaiel Bsisn! LTINS EPSFal

testing pall, ’{olgasg{haéﬂ/zﬂ_é es‘(osth%t@éHléé k6RtoICBYTRRY 66 Mg pesL e made
bet ween treat groups u aranmetric .g. one way anal ysis of

vari ancedomhmeubp!ﬂi@ t- test St udent's t- test) or non- paranetric (e.g.
Kruskal -Vl lis statistic, Dunn s test, Mann-Wiitney U-test) statistical
procedures. The 20 choice of paranetrl C or non-paranetric test /Eglbased on

whet her {The egimaises Bl BeRESparetiehs MRF, 38 Gdfhdgeh 826042 Ke
cri {Cfr I ony é%bﬁ%ﬁ@@o%n b@é de@¥ 6BE MBI 1 BiSdre WashotdRse Yespbhse Mane Boey dat a

ogarithm'cally transformed (l'ogl0 of (force in grans x 10 000)) prior
to anal ysind 120 mippagiglose BnePRidtst udy, as the conparator substance,
Pregabal in was admi nistered by a different dose route, the data for 25
Pregabal in were _conpared to the pre-dose val ues usin aired Student's t
test. | nEfpelsef @WﬂfoﬁFPép@ﬁ%@jDHﬁgo‘?F?é F%f%@%'éﬁﬁéd@@ Iggrphi ne was
adm ni st g5ede R, BachhihiERERATf @0@5%5 ROHBsé 6f § De/kyeh ﬁdt@;sgamdamgrsaffeau@st ance,
t he I\/brphlne data were conpared to, the pre-dose va p
St utfont | dick wiBatawal siony B! Pak e oy e Shan S P EarE asoaleled when
P < 0.05 mtrHGsnoﬁ}saédrﬁuhisﬁﬁtkonSM%lDHEcamu@mg ctab'ﬁaoﬁ@ smmcﬁteycrb.mt in tAé t hough
per f or med onthelo arithm cal | Z)gsformed 2@7\/\% Egﬁsegwth
respect @l ﬂ'ﬁ}é‘"@thﬁwaf GHeeYi # ﬁﬁéd s BOSRBEIR-% 6r°-F 1A Hs
pur poses fedﬁlél:ﬂwe@ebaihl s <0fo1t h@tsﬁila/llwﬁé, sndDengis &) whert bempaad datehiciRESULTS
59 The group mean

r w thdra shol ds and wi t.hdr awal
| at ency &FEPSARET §@cﬁ ?"f?figl' Qb*aqegife?%ecf‘ %}c/i) 'gm&%}ﬁ%ﬁﬁﬁ?ﬁo E opat hi ¢
paigp st ays 4l mkdwftﬁcﬁa@@t tamnfpomem smiaf pwlﬁoeeamdin aopabnsigered fonbest i gat ed

usi ng established b r tests f| I est for
t he gr es SAREESP! OQ{Q@ﬁ’ fﬁ?’%& jﬁtf%’ﬁﬂ}?h‘saa r?iﬂﬁ %{B%aﬁlés"% g%gh?ﬂ P&{( %st to
test for chiredy gg@ﬁcaeu afcretahermmb thiy fiek azitmrawal lafEhey atef, d0i 2§ aod 3amiimal s

senci ¢ vipy Grey O ol 7 80028 O RS PRDYCRA BT JELRTERERS 0

days POSWNAIR] GhY, Dumﬂ; cmnare 8B Hmtrdevmdpagnm\t@waap@rmmmﬁm test;

th ht hi t
surgery. Meeiely] st e88pathdd (BTt VaIr bR nar el Bosl e GRrE R Rk Phave
neur opat l2ys + 0. ﬂdjeedpetﬂivetw NTh@evdaas indgsEsaeit) mmisatg anblgesis taddt vsthedak

behavi our gl he da t t -

behavi oweg?d gihe %Q}% %scpf%’ﬁ s?e}g)oiﬁjt ﬁ‘;!b&ﬁmﬁl Cg@;&ﬁ% ‘%l é&ﬁgﬁlﬂgs’{% 1,

i Nt r avenehsveithie cortof) dlyitlens®mirRed3HBos tiDe poimhd 0. 3 ug/ kg did not produce
any significant changes in left or right paw w thdrawal thresholds to Von
Frey filanments. However, intravenous adm nistration of R-DHE at 0.5 pg/kg,
20caus ed Tae sistimifed d2by, of e & soment he thefS0% MR Ewiviasc?- v 8@, hi-eS B d at
appr oxi y post 1 s and
Dunn' s {Tgé%p, ‘\5&?@1 aggi’rgg’r %@%t%o vef{”‘?EOS@dr{%g gengt}g/gR/ofT%rﬁMf%\?oé% and
al so at agpoosd aetheb) aRS 189 mtmmdd@%M(%nglsz 3.41 g; P <0.05; ANOVA and
Dunnett's t-test) when conpared to vehicle group values of 2.25 0.75 ¢
(Table 17, Figure 18). 25Thermal hyperal gesia: |ntravenous adm nistration
of R- DHEEffaits eflfentanylearetai fiigk yithdriayanatency (Figure 13)



effect on left paw w thdrawal | atencies when conpared to vehicle.
I ntravenous adm nistration of R DHE at a dose of 0.3 ug/kg caused a
significant increase in the ri ght paw wi t hdrawal | atency at approxi mately
35 mn post-dose (14.5 O0.7s; §5; ANOVA and Dunnett's t-test) when
conpared to vehicle val ues (10.3 6 9 s); however, 30this is
physiologically irrelevant as the w t hdrawal threshol din the right paw was
simlar to the pre dose values for the right paw (14.3 0.6 s) (Table 18,
Fi gure 19)travEIhcﬁL$cac§matBtr®dDHEf%)’ﬁaﬂyéhta&/dg%ﬁ ol 0-Bavsitkordid porsigfiqaphagiéect)
Mechani c h flofel [ E at 3
and 10 3 / K ﬂ@ﬂ%& ?I *Hénghaﬁﬁwg%ﬁﬁ\ﬂ cantﬁI hgqa% mg?elrdﬁtb \%H'C%I)%'%P:p)ght paw
WI t hdr analeta aneateob@tsadrelelstra’wmt ferany! &1 2 aprka resultedines, sanifi¢ant iNgTA8ABUS
admi ni st ¢ th'eotgﬁ il k%@h&%@uﬁﬂaﬁeﬁﬁ?ﬁ% %Pé Hgmhik 'p%@@éoée;{@rﬁe%@é > Lh181 Ledt paw

wi t hdr awa the roxi mat e m n post osefgfJ 033 g; P
0. 0CBL; KeuskabAal 1A s048d. ID%ﬁmC‘fé/etYeéito)Th wiesee Bl aed t r\ﬂéhffetﬁf “WEEBUp

val ues of oﬁIBéIn%glg véﬁlc@kga?u f\%%@ 288 0 BRPUKS B, 2|s§’re\%ﬁedﬁvé‘!ypo§ﬁra€@t%@s 5(21.92

1.70 g Krus i's and Dunn's test en conpared to.vehicle
gr oup valagémﬁtat@n ebfentanyizatp dasgdfd uako FrggHa ?*95‘*“0%&%%3%’918@@“ gesi a:

I ntravenqg HIaWat?Iaféﬁtcy a5 o apuidnihdokelbdeq 1b@ED.B snguoldon caat+ @ffect on

left and right paw w thdrawal | atencies at doses, of when

conpar ed st B <OHY ; $eiht 817es; g suPP vasrpstvely: r?t‘ﬁ%\?%ﬁ%yt‘@ﬁcﬁﬁdﬁ@t‘rsa??tg hg'? S- DHE

at dos%oﬁaﬁar% téQ/eR&(ek@r’ouBW@M 0.6 @UOIdU@ear@d si1gniofd §a:@bpmoé1¢)ase in
the paw wi t hdrawal | atencies at appI’OXI mat el y e.in both |eft

S
(17.6 0.These dgadngicaia aninneriate $aI9esE gt wﬂﬁeékﬁé%% a%tWS%rI”(jh‘f £17.5
0.4's; Pugind- r@&wmﬂﬁ %5%&1%'@!{1@5% ékﬂe?eo RS Uahidé REnPANEy thehen reenpar ed
to vehlcle val ues of . .8 s and 13.4 0.8 s, respectively. The
i ncr ease PPH- WSQWWWH atency may be indicative of the central 15effects of
di hydr oet ophi ne (S-i sorrer) at the 30 pg/ kg dose | evel (Tabl e 20, Figure

21 Ef fects of norphine behavi o I st Qn nd 3

I n)ﬁtase eeﬁI‘fEaWBrEg?Iw ﬂfefe?@f‘iélr‘eengé? c?ﬁﬁﬁs i?c? %‘gﬁﬂ %é%ﬂgfg wer)e
admi ni st gf ed1@ra ér)tt 30 rmnl?Ip@&etio%e telasedmmphltﬁrerar @éernenmeemoamaefed to
pre-dose as 20i t dn be rel evant to conmpare this to an oral vehicle).
Mechani c&nd aII?I)HEﬂ/H?%I OFBFMEWCIRE i nt r avenous adni ni stration of norphine at 5
ny/ kg (Phase 1) the left hind paw wi thdrawal threshold significantly

i ncrease posit 19.23 2.73 P < 0.001;

unpai r ed ?}ﬂeﬁ%y@iﬁs %QF an&rﬁfﬂﬁry I‘(()XI mately 50 ?n n post-dose
(212p5 Z’héOEgao Fhlﬁe@c@@ﬂd,ateainﬁ:al REIHE- SATHE adride derSinytl evere scamdassd Yo when

Cgnit 1 caedranaiBa BRI TATRIoH e SR bheechdedne IR I8° 5 o0

g; P < 0.0%;afttnpatingd idrdvehbedad@nindentions ofledas tmpduen iodhparadel ratpRvehi cl e

val ues ( 1.52 : ThIS upav Q) dat S 0

treat rrengaﬁg E%gnv@g@ﬁﬁgﬁtwy ﬁaet % %%ggl’@:} %eigp PE ?ﬂﬁyt %CBPF fad ?n

hyper al g@tﬁ&lgem(eﬁhteﬁd'}aﬁl ®3-1(8,0. 5:fog1nhat afa‘)entasﬂt\md)thIaER [Filghis ananaigesut ects

were noted in t.hi I hase 3, intravenous adm nistration of
?;m ne E’@ I‘“ﬁg‘f 1gl nff(?{lo%gtﬁgﬂylsr%gased the left paw wi thdrawal

threshol ds at apprOX| mately 60 mn (21.32 2.56 g; P < 0.001; paired 2

tail ed Stude ) 5 paired 2-tailed

St udent ' tsrgiqusé?m tie) e 88?3)‘5%?‘ Yé%gggfnﬁ{h%'_g%ssg gsaéd?%‘gé@d 0.97 g; P <

0. 05; pailiresl 61 EB4ai l edEBtoudent B¢t estBDgontpar é@sotreIKpr &Horwdioval ues

1.46 O. e 22 ra l¢ se 1,
|ntraven§8§tg%& ﬂi‘?ﬂ—gtl o%%gmré 'g'? ”Bfén@XQE caus d a é}ag ficant

i ncr ease(min) t he wiug/hdr awalughap encK}@’kgn tH%EII-@t pﬁvﬂ)téiiroséﬁ BHE/ of the 5
time points tested and in the right paw at approxi mately 1, ndg and 60 nmin
post-dose. At approximtely 15 m n post-dose; (left; 12.0 1.5s; P <0.O05;
Mann- V\hltney L}test) (rlght 17 5 0.5 s; P <O0. 001 Mann- V\hltney Utest),
at 35 mg o WRT P . , : ey 82" ed
Student's t-test), (right; 16.8 "7 s; P < 0.001; unpaired 2-tai|ed
Student’ 30t -test)0.2hd at @BProxi mit2l y 60 Hin postOdose inldoth paws 10
(left; 12.8 13 Pc 0. unpaiyrgd 2 t ed Stuggnt's t=hest), (right;
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of the study. In Phase 2 of the study the Pregabalin was adm nistered by a
different 25 route (oral) to the vehicle (iv), so a conparison wth vehicle
was not appropriate. In Phase 3 of the study the dose response to
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al l odynia or thermal hyperal gesia were noted at 3 and 10 pg/ kg of S-DHE.

I ntravenous adm nistration of the opioid conpounds, R-DHE and S-DHE
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Fol | ow ng adm ni stration of Pregabalin (in Phase 3) at doses up to 100ng/ kg

, there was a dose dependent increase in withdrawal threshold wth peak

ef fects Boevesma apgst sxiatikrody indte af@nd4p daseribpddt PaisP92TRer BSnere no

effects LA Bt h ; I not ed

Fol | ow g Cannea ¢ I o Abr A e o Bk et 8 eu ok ey B RERE

phar macobggegmentactoingl ngrve igalied vielrBYer at ure data) with significant

effects on nmechanical allodynia, but a limted effect on thernmal

hyperal gesia. 64 The effects noted follow ng intravenous adm ni stration of

nor ghi ne Themetentialsingiospic effeets of ebyfigsiRPhifaiolawion Goiitale MIBYPRAYE\FORR t h

i gni {1 ol ELeehd oNuIRGIBNGR) Bht AN ARIhARS BB dyperoPbigespa. Thi s
e

test systemwas t ere_% e sensitive to detect nociceptive effects in both
t he nmechaoikgalS-igomsdy i ahanspitdle newer HeatioRy pids| fisperreraificsPAnt WeSrat. 65

investigated. A peripheral mononeuropathy was induced in the left hind limb of rats by
tight ligation of the L5 and L6 spinal nerves. The develapment of mechanical allodynia

10 and thermal hyperalgesia was monitored using established behavioural tests (Von Frey
test and the Hargreaves Plantar test respectively). Morphine was used as a reference
subsiance and Pregabalin was used as a comparator substance.

TEST SUBSTANCES AND MATERIALS
15 Test substances. reference substance, comparator substance and vehicles
Test substances: Dihydroetorphine (R-isomer) and Dihydroetorphine (S-isomer)

Vehicle for test and reference substances:

Citrate buffer (citric acid monohydrate:sodium citrate:sodium chloride:sterile water, in

the ratio 0.03:0.10:0.86:99.01 (g:g:g:ml); [citric acid monohydrate (white powder;
20 Sigma, UK), sodium citrate (Sigma, UK}, sodium chioride (white solid; Merck), sterile

water (clear liquid; Baxter Healthcare, UK)]

Reference substance: Morphine hydrochloride (white powder; Macfarlan  Smith,

Edinburgh, UK}

Comparator substance: Pregabalin (Trade name Lyrica®; white capsules;
25 manufactured by Pfizer and supplied by Lindsay & Gilmour Chemist, Juniper Green,

Edinburgh)
Vehicle for comparator substance: 1 % w/v Carboxy methylcellulose (CMC, powder;
Sigma, UK)

30 Test, reference and comparator substance storage

The test substances were stored at room temperature, protected from light and the
reference and comparator substances were stored at room temperature.

ROUTE OF ADMINISTRATION AND DOSE LEVELS
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The route of administration of R- and S-isomer forms of dihydroetorphine and the
vehicle (citrate buffer) was intravenous. This is a potential route of administration in
humans. The doses of R-DHE were 0.1, 0.3 and 0.5 pg/kg and the doses of S-DHE
were 3, 10 and 30 pg/kg.

The route of administration of morphine was intravenous. The dose of morphine was 5
my/kg.

The route of administration of the comparator substance Pregabalin was oral. In
Phase 2 of the study, the dose of Pregabalin, was 30 mg/kg. For Phase 3, the dose
levels of the comparator substance, Pregabaiin, were 30, b0 and 100 mg/kg.

ANIMALS

Species: Rat

Strain: Sprague-Dawley

Sex: Male

Number of animals: 75 animals were surgically prepared.

Age range: 6 io 7 weeks (for surgery); 8 to 9 weeks (dosing Phase 1); 9 to
10 weeks (dosing Phase 2): 11 to 12 weeks (dosing Phase 3).

Weight range: 139 to 183 g (for surgery); 190 fo 257 g (dosing Phase 1); 210 {0
284 g (dosing Phase 2); 243 to 341 g (dosing Phase 3).

Acclimatisation: 3 days after delivery, before commencing the behavioural testing
Source: Hartan UK Lid

Animal identification and randomisation
Each animal was arbitrarily allocated a unigue identification number which appeared on
the data sheets and cage cards. Animals were identified by a waterproof tail mark.

Animal health and welfare
All studies were conducted in accordance with the legislation under the Animals

(Scientific Procedures) Act 1988, with UK Home Office Guidance on the
implementation of the Act and with all applicable Codes of Practice for the care and

housing of laboratory animals.

Housing and environment
Animals were housed in groups of up to 5 in sawdust filled solid-bottom cages. During

the acclimatisation, the rooms and cages were cleaned ai regular intervals fo maintain
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hygiene. The rooms were illuminated by fluorescent lights set to give a 12 h light-dark
cycle {on 07.00, off 19.00), as recommended in the Home Office Animals (Scientific
Procedures) Act 1986. The rooms were air-conditioned and the air temperature and
refative humidity measured. During the acclimatisation period room temperature was
maintained (range 20 °C to 22 °C} and humidity ievels were within the range 46 % to
59 %. The procedure room temperature was maintained (range 19 °C to 22 °C) and
humidity levels were within the range 26 % to 43 %.

Diet and water

An expanded rodent diet of RM1(E) SQC (Special Diets Services, Witham, UK) and
mains tap water were offered ad libitum. Each baich of diet was delivered with an
accompanying certificate of analysis (C of A} detailing nutritional composition and
ievels of specified contaminants (e.g. heavy metals, aflatoxin and insecticides). The
water was periodically analysed for impurities and contaminants. The criteria for
acceptable levels of contaminants in stock diet and water supply were within the
analytical specifications established by the diet manufacturer and water analytical

service, respectively.

Health status
The animals were examined on arrival and prior 1o the study; all animals were healthy

and considered suitable for experimental use.

EXPERIMENTAL DESIGN

Formulation of the test, reference and comparator substances

The citrate buffer was prepared by accurately weighing the appropriate quantities of
each component and digsolving them in steriie water for injection. When the
components were fully dissolved the osmolaiity and pH of the solution was measured.
The vehicle was deemed acceptable as the pH was 5.03, which was within the range
4.8 to 5.2, and the osmolality was 295 mOsmolkg between the range of 280 to 300
mQsmol/kg. The vehicle was then terminally filtered through a Millex GV stericup (0.22
um filter) under aseptic conditions and stored at 2 °C fo 8 °C prior {0 use.

The test substances, dihydroetorphine (R- and S-isomers), were formulated for dosing
as solutions in citrate buffer. The desired concentrations (0.02, 0.06 and 0.10 pg/mL
for the R isomer and 0.8, 2 and 6 ug/mL for the S-isomer) for dosing were achieved by
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serial dilution of the appropriate stock solutions which were provided at an approximate
concentration of 20 ug/mL. The actual concentration of the stock solutions was noted
in the raw data. Prior to serial dilution, stock solutions were passed through a Millex
GV 0.22 um Durapore sterile filter unit into glass vials and each subsequent dilution
5 with the sterile citrate buffer was performed by sterile manipulation. No cotrection
factor was applied and formulations were prepared as the free base. Formulations
were prepared in advance of the study dosing dates and were used (1-2 days following
preparation) within the known stability for R-DHE which was 11 days. S-DHE was
used 1-2 days following preparation. Dosing solutions of dihydroetorphine (R- and S-
10 isomers) were stored refrigerated, at approximately 4 °C, until they were required for

dosing.

The reference substance, morphine hydrochloride, was formulated for dosing by
dissolving a known amount in citrate buffer to give a 1 mg/mL solution. A correction

15 factor of 1.32 was applied to enable the dose of morphine to be expressed in terms of
free base. Solutions were freshly prepared and protected from light.

The comparator substance, Pregabalin, was formulated for dosing by suspending a
known amount in 1 % w/v CMC to give a 3 mg/mL suspension for Phase 2 and 3, b
20 and 10 mg/mL suspensions were prepared for Phase 3. No correction factor was
required therefore the Pregabalin was dosed as a free-base. Suspensions were freshly

prepared and protected from light.

Group sizes, doses and identification numbers

25 There were 5 treatment groups, with a maximum of 10 rats per group. Each treatment
group was given a letter (Phase 1: A to E, Phase 2: F to J and Phase 3: Kto O). The
rats were randomly allocated to freatment groups on the day prior to dosing based on
the pre dose baseline values for the thermal hyperaigesia test (see below).

Phase 1:

30 C Vehicle 5 miskg, i.v.
B R-DHE 0.1 ng/kg, i.v.
A R-DHE 0.3 po/kyg, iv.
E R-DHE 0.5 po/kg, iv.

Morphine 5 mg/kg, i.v.
35 Phase 2:
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[ Vehicle 5 mbl/kg, i.v.

F S-DHE 3 pglkg, i.v.

G S-DHE 10 ugrkg, i.v.

J S-DHE 30 ug/kg, Lv.
5 H Pregabalin 30 mg/kg, p.o.

Phase 3:

N Vehicle 10 mlkg, p.o.

M Pregabalin 30 mg/kg, p.o.
L Pregabalin 50 mg/kg, p.o.

10 K Pregabalin 100 mg/kg, p.o.
O Morphine 5 mg/kg, i.v.

The intravenous vehicle, citrate buffer, was used for Phases 1 and 2 and the oral

vehicle, 1 % w/v CMC, was used for Phase 3. Animals allocated to intravenous
15 treatment groups were dosed into a tail vein using a dose volume of 5 mi/kg and a

polypropylene syringe with a Becton Dickinson 25G (0.5 x 16 mm) needle. The total

intravenous volume of 5 ml/kg was delivered at as constant a rate as possible over a 2

min + 10 s interval. The start and stop time for the slow intravenous bolus was

recorded. Animals allocated to oral freatment groups were dosed by oral gavage,
20 using a dose volume of 10 mL/kg. The time of dosing was recorded in the raw data.

Treatment blinding
Dosing solutions were encaded (Phase 1: A to E, Phase 2: F to J and Phase 3: K to 0)

so that the observers were not aware of the identity of the treatment groups. As the
25 comparator substance in Phase 2 of the study was administered by a gifferent dose
route, this group was not blinded to the person performing the dosing and was encoded
H. Also, as the morphine control in Phase 3 was administered intravenously, and this
was a different route to the vehicle and comparator substance groups (oral dosing), the

morphine group was not blinded, and was therefore encoded O.

30

Body weights
Animals were weighed prior to surgery, on Day 1 post-operatively (PQ), and on each

day of dosing prior to administration of substances, and body weights were recorded.

35 Daily observations
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General observations were made on all animals on a daily basis from Day 0 PO
onwards, with particular attention being paid to the condition of the animal’s left and

right hind paws.

5 Procedure

1 Acclimatisation
Prior to behavioural testing, the animals were subjected to routine handling and
acclimatisation to the behavioural testing environment.
2 Baseline behavioural testing

10 The rats were moved to the procedure room 1 day prior to the experiment. The rats
were then housed, dosed and observed in the procedure room. The behavioural tests
(see below) were performed on all rats on 2 separate occasions prior to surgery, o
establish baseline values. Pre-surgery baseline values were taken as the data from
the final (second) day of testing (the data from the first day of testing was classified as

15 part of the acclimatisation). The sequence of tests was mechanical allodynia foltowed
by thermal hyperalgesia, with a minimum § min period allowed between the tests.
Mechanical allodynia (Von Frey test): Each animal was placed in a wire mesh cage
and a series of Von Frey filaments applied to the plantar surface of the hind paw, from
below. The filaments were applied in ascending order (starting with the weakest force),

20 and the withdrawal threshold for both the left and right hind paws was evaluated. Each
filament was indented on the mid-plantar surface of the foot to the point where it just
started to bend; this was repeated approximately 8 to 10 times per filament at a
frequency of approximately 1 Hz. The withdrawal threshold was defined as being the
fowest force of two or more consecutive Von Frey filaments to elicit a reflex withdrawal

25 response (i.e. a brief paw flick).
Thermal hyperalgesia {Hargreaves Plantar test): Each rat was placed in a clear plastic
chamber with a glass fioor and aliowed a short period to acclimatise to their
environment prior to testing (approximately 1 min). The animals were then challenged
with a radiant infrared (IR} heat source, directed at the plantar surface of their hind paw

30 from below, and the withdrawal latency calculated for both the left and right hind paws.
The infrared intensity was set at IR50 (setting designed fo deliver a heat flux reading of
250 mW cm®) and the maximum length of exposure to the iR source was 18 s. Non
responding animals were therefore allocated a withdrawal latency of 18 s.

3 Surgical procedure
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The animals were surgically prepared over 3 days. Each rat was anaesthetised as
necessary with isofluorane in 1 % to 3 % oxygen. Each raf was placed in a prone
position and the surface around the incision site was shaved and sterilised with surgical
spirit. Under aseptic conditions, the lefi paraspinal muscles were separated from the
spinous processes at L4 S2 levels. The L6 fransverse process was then carefully
removed with a small rongeur and the L4 L6 spinal nerves identified. The left L5 and
L6 spinal nerves were isolated, and tightly ligated using 6-0 silk thread (as viewed
under x40 magnification). The overlying muscle and skin were closed in layers using
appropriate suture material, and once complete, the anaesthesia was discontinued.
On recovery from anaesthesia, rats were re-housed with their cage-mates, initially on
soft padded bedding overnight to reduce the risk of infection, and subsequently on
sawdust bedding following full recovery. The animals were allowed to recover for a
minimum of 4 days before the behavioural testing was recommenced.

4 Developmental testing

Foliowing surgery, behavioural testing was conducted twice prior to the dosing day, to
monitor the development of allodynia / hyperalgesia. Additional discretionary testing
days were also included to ensure that a sufficient number of animals had developed
allodynia / hyperalgesia prior to each dosing phase.

5 Group allocation and exclusion criteria _
Animals were randomly allocated to the treatment groups on the day prior to dosing
based on the pre dose baseline values for the thermal hyperalgesia test. Only animals
which developed both mechanical allodynia and thermal hyperalgesia were included in
the study. Animals were deemed to have developed mechanical allodynia if their left
paw withdrawal threshold to Von Frey filaments was < 5 g of force (which corresponds
to monofilament number 4.56 or less). Animals were deemed to have developed
thermal hyperalgesia if their left paw withdrawal latency to the thermal plantar device
showed = 30 % difference from the left paw pre-surgery value, prior to dosing.

6 Dosing and behavioural testing

The animals were not fasted for this study. On each day of dosing, the allocated
animals each received a single intravenous dose of test substance, reference
substance or vehicle: or an oral dose of comparator substance or vehicle. There were
3 phases to the study. The dosing of each phase was split over 2 days and animals
from a minimum of 3 treatment groups were dosed on each dosing day. Following
completion of each phase, the animals were allowed a minimum washout period of 1
week before commencing the subsequent phase of the siudy.

i OCT
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In Phases 1 and 2 of the study, following dosing (approximately 5 min from the start of
dosing) and at approximately 25, 50 and 120 min post-dose, the left and right hind paw
of each rat was assessed for mechanical allodynia using the Von Frey test. At
approximately 15, 35, 60 and 130 min post-dose, the left and right hind paw of each rat
was assessed for thermal hyperalgesia using the Hargreaves Plantar test, to
investigate treatment effect. Al time points were with respect o the start of dosing.

In Phase 3 of the siudy, at approximately 60, 120, 180 and 240 min post-dose the left
and right hind limb of each rat were assessed for mechanical allodynia using the Von
Frey test. At approximately 70, 130, 190 and 250 min post-dose, the left and right hind
limb of each rat were assessed for thermal hyperalgesia using the Hargreaves Plantar
test, to investigate treatment effect.

7 Terminations

All study animals were terminated by cervical dislocation following conclusion of the

final testing period.

STATISTICAL ANALYSIS

Statistical comparisons were made between trealment groups using parametric (e.g.
one way analysis of variance, Dunnett’'s t-test, Student’s t4test) or non-parametric (e.g.
Kruskal-Wallis statistic, Dunn’s test, Mann-Whitney U-test) statistical procedures. The
choice of parametric or non-parametric test was based on whether the groups to be
compared satisfy the homogeneity of variance criterion (evaluated by the Levene Mean
test or F-test). The Von Frey data was logarithmically transformed (log10 of (force in
grams x 10 000)) prior to analysis. In Phase 2 of the study, as the comparator
substance, Pregabalin was administered by a different dose route, the data for
Pregabalin were compared to the pre-dose values using a paired Student’s t test. In
Phase 3 of the study, as the reference substance, Morphine was administered by a
different dose route to the vehicle and test substance, the Morphine data were
compared to the pre-dose values using a paired Student's t-fest. For all tesis,
statistical significance was assumed when P < 0.05. The statistical significance for the
von Frey test, although performed on the logarithmically transformed data, was
expressed with respect to the grams force in the results section for iHlustration

purposes. Full details of the analysis are given in the raw dala.

RESULTS

SL
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The group mean t s.e. mean data for withdrawal thresholds and withdrawal latency are
summarised in Table 17 to Table 22.

Development of neuropathic pain states

5 Two different components of neuropathic pain were investigated using established
behavioural tests, namely Von Frey filaments to test for the presence of mechanical
allodynia, and the Hargreaves Plantar test to test for the presence of thermal
hyperalgesia. The majority of animals which underwent a spinal nerve ligation,
exhibited a marked increase in sensitivity of the left hind paw to the two behavioural

10 tests in the days post-injury, indicative of the development of a peripheral
mononeuropathy. The right hind paw showed no increase in sensitivity post surgery.
In each Phase of the study, all animals dosed were deemed to have neuropathy in the
left hind paw as assessed using the established behavioural tests the day prior to
dosing.

15
Effects of R-DHE on behavioural test responses (Phase 1)

Mechanical allodynia: In Phase 1, intravenous administration of R-DHE at 0.1 and 0.3
ug/kg did not produce any significant changes in left or right paw withdrawal thresholds
to Von Frey filaments. However, intravenous administration of R-DHE at 0.5 pg/kg.

20 caused a significant increase in the left paw withdrawal threshold at approximately 5
min post-dose (21.97 + 2.30 g; P £ 0.01; Kruskal-Wallis and Dunn’'s test) when
compared to vehicle group values of 5.43 £ 2.58 g, and also at approximately 25 min
post-dose (13.12 + 3.41 g; P < 0.05; ANOVA and Dunnett's t-test) when compared to
vehicle group values of 2.25 + 0.75 g (Table 17, Figure 18).

25 Thermal hyperalgesia: Intravenous administration of R-DHE failed to have a significant
effect on left paw withdrawal latencies when compared to vehicle. Intravenous
administration of R-DHE at a dose of 0.3 pg/kg caused a significant increase in the
right paw withdrawal latency at approximately 35 min post~doée (14.5£0.7 5; P < 0.05;
ANOVA and Dunnett's t-test) when compared to vehicle values (10.3 £ 0.9 s); however,

30 this is physiologically irrelevant as the withdrawal threshoid in the right paw was similar
to the pre dose values for the right paw (14.3 + 0.6 s) (Table 18, Figure 19).

Effects of S-DHE on behavioural test responses (Phase 2)
Mechanical allodynia: In Phase 2, intravenous administration of S-DHE at 3 and 10

35 ug/kg did not produce any significant changes in left or right paw withdrawal thresholds
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to Von Frey filaments. However, intravenous administration at 30 pg/kg caused a
significant increase in the left paw withdrawal threshold at approximately 5 min post-
dose (24.56 + 0.33 g; P < 0.001; Kruskal-Wallis and Dunn’s test) when compared to
vehicle group vatues of 6.11 + 2.39 g, and also at approximately 25 min post-dose
5 (21.92 + 1.70 g; P < 0.001; Kruskal Wallis and Dunn’s test) when compared to vehicle
group values of 1.66 £ 0.47 g (Table 19, Figure 20).
Thermal hyperalgesia: Intravenous administration of S-DHE failed to have a significant
effect on left and right paw withdrawal latencies at doses of 3 and 10 pg/kg when
compared to the vehicle group values. intravenous administration of S-DHE at a dose
10 of 30 pg/kg, however, did produce a significant increase in the paw withdrawal
latencies at approximately 15 min post-dose in both left (176 + 0.4 5; P < 0.07;
Kruskal-Wallis and Dunn’s test) and right (17.5 + 0.4 s; P < 0.01; Kruskal-Wallis and
Dunn’s test) hind paws, when compared to vehicle values of 10.3 + 0.8 s and 13.4 +
0.8 s, respectively. The increase in right paw latency may be indicative of the central
15 effects of dihydroetophine (S-isomer) at the 30 pg/kg dose level {Table 20, Figure 21).

Effects of morphine on behavioural test responses {Phases 1 and 3)
In Phase 1, the morphine reference was compared fo vehicle as both were
administered orally. in Phase 3, the morphine reference was compared to pre-dose as
20 it was not be relevant {o compare this to an oral vehicle).
Mechanical allodynia: Following intravenous administration of morphine at 5 mg/kg
(Phase 1), the left hind paw withdrawal threshold significantly increased at
approximately 25 min post-dose (19.23 £ 2.73 g; P < 0.001; unpaired 2-tailed Student’s
t-test) and approximately 50 min post-dose (21.65 + 2.40 g; P < 0.001; unpaired 2-
25 tailed Student's t test) when compared to vehicle values of 2.25+0.75and 2.11 £ 0.82
g. There was a significant decrease observed in the right paw pre dose data (16.37 =
2.20 g; P < 0.05; unpaired 2-tailed Student’s t-test) when compared to vehicle values
(22.26 + 1.52 g). This was unavoidable, as the allocation to treatment groups was
based on the pre-dose values from the thermal hyperalgesia test {Table 17, Figure 18).
30 No other significant effects were noted in the right hind paw.
In Phase 3, intravenous administration of morphine (5 mg/kg) significantly increased
the left paw withdrawal thresholds at approximately 60 min (21.32 £ 2.56 g; P < 0.007;
paired 2 tailed Student's t-test), 120 min (11.08 x 2.85 g; P < 0.01; paired 2-tailed
Student’s t-test) and approximately 180 min post-dose (3.68 + 0.97 g; P < 0.05; paired
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2-tailed Student's t test) compared to pre-dose values 1.46 + 0.37 g (Table 21, Figure
22).

Thermal hyperalgesia: In Phase 1, intravenous administration of morphine at 5 mg/kg
caused a significant increase in the withdrawal latencies in the left paw across all of the
time points tested and in the right paw at approximately 15, 35 and 60 min post-dose.
At approximately 15 min post-dose; (left; 12.0 + 1.5 5; P < 0.05; Mann-Whitney U-test),
(right; 17.5 + 0.5 5; P < 0.001; Mann-Whitney U-test}, at 35 min post-dose (left; 16.4 &
0.9 s5: P < 0.001; unpaired 2-tailed Student’s t-test), {right; 16.8 = 0.7 s; P < 0.001;
unpaired 2-tailed Student's t-test) and at approximately 60 min post-dose in both paws
(left; 12.8 £ 1.3 5; P < 0.01; unpaired 2 tailed Student's t-test), (right; 16.3 + 1.1 5/ P <
0.05; unpaired 2-tailed Student's t-test) and approximately 130 min post-dose in the left
paw (10.6 + 0.9 5; P < 0.05; unpaired 2-failed Student's t-test) when compared io
vehicle values (7.5 + 05,128 +1.1,70£1.2,103+0.9,76 £ 09,124t 1.4 and 74
+ 0.9 s, respectively) (Table 18, Figure 19;.

in Phase 3 of the study, iniravenous administration of morphine caused a significant
increase in left paw withdrawal latency at approximately 70 min post-dose (11.8 £ 1.2
s; P < 0.01; paired 2-tailed Student’s t-test), approximately 190 min post-dose (8.0 £
0.8 5; P« 0.05; paired 2-tailed Student's t-test) and approximately 250 min post-dose
(10.8 + 1.4 s; P < 0.05; paired 2-tailed Student’s t-test) when compared to pre-dose
vaiues of 6.0 £ 0.5 s (Table 22, Figure 23).

Effects of Pregabalin on behavioural test responses (Phases 2 and 3)

Pregabalin was compared to pre-dose in Phase 2 but compared to vehicle in Phase 3
of the study. In Phase 2 of the study the Pregabalin was administered by a different
route (oral) to the vehicle (iv), so a comparison with vehicle was not appropriate. In
Phase 3 of the study the dose response to Pregabalin, using 3 dose levels was
compared to vehicle rather than pre dose.

Mechanical allodynia: In Phase 2, oral administration of Pregabalin (30 mg/kg) caused
a significant increase in the left paw withdrawal threshold at approximately 50 min post-
dose (10.35 + 2.51 g; P < 0.001; paired 2-tailed Student’s t-test) and approximately 120
min post dose (13.90 = 3.00 g; P < 0.001; paired 2-tailed Student’s i-lest) when
compared to pre dose values of 1.09 + 0.35 g. (Table 19, Figure 20).

in Phase 3, Pregabalin, administered orally, at a dose of 30 mg/kg caused a significant
increase in the left paw withdrawal threshold at approximately 120 min post-dose
(17.06 +2.88 g; P < 0.01; Kruskal-Wallis and Dunn's test) and approximately 180 min
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post dose (13.86 + 3.21 g; P < 0.01; ANOVA and Dunnett's test) when compared to
vehicle values of 5.00 + 2.34 g and 2.57 £ 0.92 g, respectively. Oral administration of
Pregabalin at a dose of 50 mg/kg caused a significant increase and both left and right
paw withdrawal thresholds at approximately 180 min post-dose (left paw: 15.20 * 3.31
5 g; P < 0.01; ANOVA and Dunnett's test and right paw: 24.20 + 0.39 g; P < 0.05;
Kruskal-Wallis and Dunn'’s test) when compared to vehicle values of 2.57 £ 0.92 g and
16.57 + 1.75 g, respectively, and on the left paw withdrawal threshold at approximately
240 min post-dose (12.05 * 3.41 g; P < 0.05; Kruskal-Wallis and Dunn’s test) when
compared to vehicle values (1~48 + 0.30 g). Oral administration of Pregabalin at a
10 dose of 100 mg/kg caused a significant increase in left paw withdrawal threshold at
approximately 120 min post-dose (23.29 + 1.19 g; P < 0.01; ANOVA and Dunnett's
test), in left and right paws at approximately 180 min post-dose {left paw: 18.77 + 2.70
g; P < 0.01; ANOVA and Dunnett’s test and right paw: 23.70 + 1.04 g; P < 0.07;
Kruskal-Wallis and Dunn’s test) when compared to vehicle values of 2.57 + 0.92 and
15 16.57 + 1.75 g, respectively, and at approximately 240 min post-dose in the leit paw
withdrawal threshold (15.91 + 2.86 g; P < 0.001; Kruskal-Wallis and Dunn’s test} when
compared to vehicle values (1.48 + 0.30 g). The increase in the right paw withdrawal
thresholds following administration of Pregabalin at 50 and 100 mg/kg, was indicative
of the central effects of Pregabalin at these dose levels. This was consistent with the
20 animals displaying a dose-dependant increase in the level of sedative clinical
symptoms. {Table 21, Figure 22).
Thermal hyperalgesia: In Phase 2, oral administration of Pregabalin (30 mg/kg) caused
a significant increase in the left paw withdrawal latency at approximately 15, 35, 60 and
130 min post-dose (8.3+0.7sP<0.05;86+10sP<0.0588x10sP <0.0596
25 + 0.8 s P < 0.001; all paired 2-tailed Student’s t-test) when compared to the pre dose
value of 6.2 = 0.5 s. These significant increases were not deemed to be
pharmacologically relevant, as there were similar increases in the values for withdrawal
latencies in the vehicle control group (iv administration) in Phase 2 (approximately 15,
35, 60 and 130 min post-dose (10.3+0.8s P <0.01;81+05s5P<0.05;93£07sP
30 <0.001; 98 £ 1.0 s P < 0.01; all paired 2-tailed Student’s t-test) when compared to the
ore dose value of 8.2 + 0.5 s}, and in Phase 3 of the study, oral administration of
Pregabalin failed to have a significant effect in left and right paw withdrawal latencies,
at all of the doses tested (30, 50 and 100 mg/kg) and across all post-dose time points
(60, 120, 180 and 240min) , when compared to the vehicle control. (Table 20, Figure
35 21 and Table 22, Figure 23).
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D hydroetorphine (S) 10 pg/ kg, D hydroetorphine (S) 30 pg/kg, i.v.
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CONCLUSION

A peripheral mononeuropathy was induced in the left hind limb of rats by tight ligation
of the L5 and L6 spinal nerves. The development of mechanical allodynia and thermal
hyperalgesia was monitored using established behavioural tests (Von Frey test and the
Hargreaves Plantar test, respectively). Response threshold and latency was assessed
for both the left (affected) and right (unaffected) hind paws. [n each Phase of the
study, all animals dosed were deemed to have neuropathy in the left hind paw as
assessed using the established behavioural tests the day prior to dosing.

Intravenous administration of R-DHE at 0.5 pg/kg caused an increase in withdrawal
threshold (mechanical allodynia) of up to 25 min post-dose with peak effects at
approximately 5 min post-dose. There were no effects of R-DHE at 0.5 pg/kg on
withdrawal latency (thermal hyperalgesia) at any of the time points tested. There were
also no effects on either mechanical allodynia or thermal hyperalgesia at the lower
doses of 0.1 and 0.3 pug/kg of R-DHE.

Intravenous administration of S-DHE at a dose of 30 pg/kg caused significant analgesic
effects in both withdrawal threshold {mechanical allodynia}, with peak effects at
approximately 5 to 25 min post-dose and withdrawal latency (thermal hyperalgesiaj,
with peak effect ai approximately 15 min post dose. No effects on mechanical
aliodynia or thermal hyperalgesia were noted at 3 and 10 pg/kg of S-DHE.

intravenous administration of the opiocid compounds, R-DHE and S-DHE demonstrated
analgesic activity in both the mechanical allodynia and thermal hyperalgesia test in the
rat. This highlights the therapeutic potential of these compounds in the treatment of

neuropathic pain.

Following administration of Pregabalin (in Phase 3) at doses up to 100mg/kg , there
was a dose dependent increase in withdrawal threshold with peak effects between
approximately 180 and 240 min post-dose. There were no effects of pregabalin in the
thermal hyperalgesia test. The effects noted following administration of Pregabalin
were consistent with its known pharmacological activity (based on literature data) with
significant effects on mechanicat allodynia, but a limited effect on thermal hyperalgesia.

Z't4
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The effects noted following intravenous administration of morphine were consistent

with its known pharmacological activity with significant effects on mechanical allodynia

and thermal hyperalgesia. This test system was therefore sensitive to detect

nociceptive effects in both the mechanical allodynia and the thermal hyperalgesia test
5 in the rat.
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Pregabal i n
74 CLAI VB
a salt

i.V.
or

0 +1 LO:0 (6) 0+
p. o.
|

Pregabal in 30 ng/ kg,
Mor phi ne 5 ny/ kg,

o1l (6 oo +1 LO 10 ,
p.cC.

p. O.

U
Pregabal in 100 ng/ kg,

S

(6)904E111 L 50459;
p. o.

09 Treatnent Vehicle? 10 ni/Kkg,

50 ny/ kg,

1. A process for the preparation ofza conpound of fornula (VI),
derivative thereof,

*1 r-
or
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92 (M) (wherein R1 and IR2 are independently C1.8 alkyl and " represents
a stereocentre) conprising hydrolysing a conpound of fornmula (V) MeO 92
(V) 10 wherein 1:11, R2 and * are as hereinbefore defined. 2. A process
as claimed in claim1, wherein said,conmpound of fornula (V) is prepared by
reacting a conmpound of formula (1V) r 17 15Me0(1V) (wherein RL is as
her ei nbef ore defined); with a conpound of forrmula RRM X)p, wherein
R2is C.8 alkyl, Mis netal, X is halide 20and pis 1 or 0. 75 3. A
process &3-AWAimed in claim2, wherein said conpound of formula (1V) is
prepared by reducing a conpound of fornmula (lI11) z 5 MO (wherein Fe is
as hereinbefore defined); 4. A process as clained in claim3, wherein said
conpound tof f ér AiPLESY fquljﬁeﬁewétp%@ AP MIROAEE ‘Pfgfoé'”éién&Y(B)ur‘i’d ofalk §Frul a (1)

derivative thereof,

5 (VI)
(wherein R' and R® are independently Ci. alkyl and * represenis a stereocentre)
comprising hydrolysing a compound of formula (V)
e

10
wherein R', R? and * are as hereinbefore defined.
2. A process as claimed in claim 1, wherein said compound of formula (V) is
orepared by reacting a compound of formula (IV)

15

(wherein R is as hereinbefore defined);

with a compound of formuta R*M(X)p, wherein R® is C. alkyl, M is metal, X is halide

20 andpis 1or0.




10 wth a conpound of formula (11) (wherein Filis C _g alkyl). 155 A
process for the preparation of a conmpound of formula (VI), or a salt or
derivative thereof, (V) 76 (wherein RL and R2 are independently
C..8 alkyl and * represents a stereggcentre) conprising: reacting a conpound
of formula (I) with a conpound of formula (I1) (Il1) (wherein R is C.8
al kyl) to give a conpound of formula (I11) 10(wherein RL is as

her ei nbef ore defined); reducing said conpound of formula (lI11) to produce a
compound of forrmula (1V) MO 15

3. A process as claimed in ciaim 2, wherein said compound of formula (IV) is

prepared by reducing a compound of formula {I1}}

e

O
.:u\l\l<
R‘t

Ohle

(i

5 MeD

{wherein R’ is as hereinbefore defined);

4. A process as claimed in claim 3, wherein said compound of formula (ill) is
prepared by reacting a compound of formula (1)
/

N

10 Me(O

with a compound of formuia {Il)

{1
(wherein R' is Gy alkyl).

15 5. A process for the preparation of a compound of formula (VI), or a salt or

derivative thereof,




(wherein RL is as hereinbefore defined); 77 reacting said conmpound of
formula (1V) with a conmpound of fornula RRM X)p, wherein R2 is G _g al kyl,
Mis nmetal, Xis halide and pis 1 or 0, to give a conpound of fornula (V)
R2 (V) 5 wherein 141, R2 and * aregas herei nbefore defined; (iv)

hydr ol ysi ng said conpound of fornmula (V) to give a conpound of fornula
(VI'). 106. A process as clainmed any one of clains 1 to 5, further conprising
the step of crystallising said compound of forrmula (VI). 7.A process as
claimed in any one of clains 1 to 6, wherein RlL is propyl. 158. A process as
claimed iy, a8% 9”%9“9%@ mae;%er{d@m? %%’ﬂ@! AnB2 SoroRinky b st@r-eécéﬂtt%ﬁ}ess as
cl ai med |n any one of clains g eréin the stereocentre (*)

f or mul aecowprigingd (V1) is (S). 2010.A process as clainmed in any one of

cl ai ms 1réz£&tnﬁg a\e/@ﬁ;,bguﬁa dhgneeppound of fornula (V) is: MO (V-a) 78 11. A
process as clainmed in any one of clains 1 to 10, wherein the conpound of
formula (VI) is: (Vl-a) 512Aprocess clainmed in any one of clains 1
to 8, wherein the stereocentre (*) i rmJI ae (V) and (M) is (R. 13. A
Lyvat i ve t hereof,

5 MeC

with a compound of formula (ll}

-

(0

fwherein R' is C+, alkyl) fo give a compound of formuia {lil)

O
.nm\1<
R1

OMe

N

MeO

()

10 {(wherein R' is as hereinbefore defined);

reducing said compound of formula (Iif) to produce a compound of formula (1V)

v

N

O
ui\““’/<
R

(V)

15
(wherein R' is as hereinbefore defined);



(VI) 10 wherein R and R2 are independently Cl1_8 al kyl and the *
represents a (S) stereocentre. 14. A conpound as clained in claim 13 of
formula (VI) 15. 16. 15 HO (Via) 17. A conmpound of
formula (V), or a salt or derivatiwe thereof,

reacting said compound of formula (IV) with a compound of formula R*M(X),,, wherein
R?is C,. alkyl, M is metal, X is halide and p is 1 or 0, to give a compound of formula
(V)

5

wherein R', R® and * are as hereinbefore defined;
tiv) hydrolysing said compound of formula (V) to give a compound of formuta (V1)

10 B. A process as claimed any one of claims 1 to 5, further comprising the step of
crystallising said compound of formula (V).
7. A process as claimed in any one of claims 1 to 6, wherein R is propyl.

15 8. A process as claimed in any one of claims 1 io 7, wherein R? is methyl.
9. A process as claimed in any one of claims 1 to 8, wherein the stereocentre (*) in
formulae (V) and (V1) is (S).

20 10. A process as claimed in any one of claims 1 to 9, wherein the compound of

formula (V) is:

- MeO




79 wherein RL and R2 are independently Cl1.8 alkyl and the (") represents a
(S) or (R stereocentre, preferably a (S) stereocentre. 5 16. A conpound as
claimed in claim15 of forrmula (Va) (Va) 17. A conmpound of formula (IV)
10 MeO (wherein RL is C1.8 al kyl ), 18. A conpound of fornmula (II11) 15

80 (wherein R1 is G _g alkyl). 19. A conpound as clainmed in claim17 or
claim 18, wherein RL is propyl. 520. A process for naking a corrpound of
formula (11l) conprising reacting a corrpound of formula (I) th a
conpound 16f f d¥ Rigcess( 39 Flaied in @bangi of gaME s ©11G vdeKgin )thezqomwund o'

phar maceyg gl (gpEposi tion conprising a conpound as clainmed in any one of

(Vi-a)

5 12. A process as claimed in any one of claims 1 to 8, wherein the stereocentre (*} in
formulae (V) and (VI) is (R).

13. A compound of formula (V1), or a salt or derivative thereof,

(V1)
10
wherein R' and R? are independently C+.5 alkyl and the * represents a (8) stereocentre.
14. A compound as claimed in claim 13 of formula (V)
15 (Via)

15. A compound of formula (V), or a salt or derivative thereof,



15clainms 13 to 19. 22. A conpound as clained in any one of clains 13 to 19
for use in nedicine. 23. A conpound as clainmed in any one of clains 13 to
19 for use as an anal gesic. 20 24. Use of a conpound as clainmed in any one
of clains 13 to 19 in the manufactyse of a nedicanent for the treatnent of
pain. 25. A nmethod of treating a subject in need of pain relief conprising
adm ni stering to 25said subject a therapeutically effective anmount of a
conpound as clainmed in any one of claing 13 to 19.

wherein R’ and R? are independently C, alkyl and the (*) represents a (S) or (R)

stereocentre, preferably a (S) stereocentre.

5
16. A compound as claimed in claim 15 of formula (Va)
17. A compound of formula {IV)
/
A)
¢ 0
.m\l!i/<
R1
10 NeO o
(wherein R" is Cys alkyl).
18. A compound of formula (111)
/
N
0
.m\\ﬂ(
R‘u

(i

15 MeC




10

15

20

25

80

(wherein R" is Cys alkyl).
19. A compound as claimed in claim 17 or claim 18, wherein R' is propyl.

20. A process for making a compound of formula (Hl) comprising reacting a

compound of formuia (1)

/

h

MeO

with a compound of formula (Il)

(wherein R'is Cy.¢ alkyl)

21. A pharmaceutical composition comprising a compound as claimed in any one of

claims 1310 19.
22. A compound as claimed in any one of claims 13 to 19 for use in medicine.
23. A compound as claimed in any one of claims 13 to 19 for use as an analgesic.

24. Use of a compound as claimed in any one of claims 13 to 19 in the manufacture

of a medicament for the treatment of pain.

25. A method of treating a subject in need of pain relief comprising administering to
said subject a therapeutically effective amount of a compound as claimed in any one of

claims 1310 19.




