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DESCRIPTION

[0001] This invention relates to a new process for making (S)-dihydroetorphine and to (S)-dihydroetorphine per se.

[0002] (R)-Dihydroetorphine (shown below) is a potent analgesic drug.

[0003] It is mainly used in China in sublingual form at doses ranging from 20 to 180 pg. Compared to other analgesics it is
reported to cause strong analgesia and relatively mild side effects. The use of (R)-dihydroetorphine in transdermal patches is
also disclosed in JP- 10-231248. As far as the applicant is aware, however, no such patch is commercially available.

[0004] Dihydroetorphine is a variant of etorphine. (R)-Etorphine is an extremely powerful opioid used for anaesthetising animals,
e.g. elephants. It was developed in the 1960s 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 (propyl magnesium iodide) is added to a thebaine
derivative as shown below:

[0005] The results given in Example 12 state that the a-isomer is produced upon ftrituration of the crude reaction product with
methanol and that the B-isomer could be crystallised from the methanolic liquors when they were diluted with water and the liquid
decanted. The applicant therefore expected that the synthetic route described in GB 925,723 could be applied to
dihydroetorphine and that both (R) and (S) 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.

[0006] Park H. S. et al, Bioorg. Med. Chem. Lett. 2008, 16(13), 3609-3613 describes the synthesis of buprenorphine analogues
wherein a Grignard reagent is added to thebaine and then the resulting alcohol is demethylated.

[0007] 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 (S)-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.

[0008] 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.

[0009] Thus viewed from one aspect the invention relates to a process for the preparation of a compound of formula (VI), or a
salt thereof,

(vh
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wherein R and R? are independently C4.g straight-chained alkyl and * represents a (S) stereocentre comprising
reacting a compound of formula (IV)

()

wherein R1 is as hereinbefore defined;

with a compound of formula RZM(X)p, wherein R2 is C1-g straight-chained alkyl, M is metal, Xis halide and p is 1 or 0 to produce a
compound of formula (V)

V)
wherein R1, R2 and * are as hereinbefore defined.

[0010] In a further preferred process of the present invention, the compound of formula (IV) is prepared by reducing a compound
of formula (lll)

{1y
wherein R1is as hereinbefore defined.

[0011] In a yet further preferred process of the present invention, the compound of formula (lll) is prepared by reacting a
compound of formula (1)

OMe 0]
with a compound of formula (ll)

R‘
)]
wherein R1is C1-g straight-chained alkyl.

[0012] The present invention provides a preferred process for the preparation of a compound of formula (VI1), or a salt thereof,

W

wherein R and R? are independently C4.g straight-chained alkyl and * represents a (S) stereocentre comprising:
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reacting a compound of formula (1)

0
with a compound of formula (ll)

Rl
| m
wherein R is C1-g straight-chained alkyl, to give a compound of formula (lll)

({1}
wherein R is as hereinbefore defined.

reducing said compound of formula (lll) to produce a compound of formula (IV)

OMe vy
wherein R is as hereinbefore defined

reacting said compound of formula (IV) with a compound of formula R2M(X)p wherein R2 is C1-g straight-chained alkyl, M is metal,

Xis halide and p is 1 or 0, to give a compound of formula (V)

wherein R1, R2 and * are as hereinbefore defined,

and hydrolysing said compound of formula (V) to produce a compound of formula (VI).

[0013] Viewed from a further aspect the invention relates to a compound of formula (VI), or a salt thereof,

vy
wherein R1 and R2 are independently C1.g straight-chained alkyl and the * represents a (8) stereocentre.

[0014] Viewed from another aspect the invention relates to compositions, preferably pharmaceutical compositions, comprising a
novel compound as hereinbefore described.

[0015] Viewed from another aspect the invention relates to compounds as hereinbefore described for use in medicine (e.g. as an
analgesic).
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[0016] Viewed from yet another aspect the invention relates to use of a compound as hereinbefore described for the
manufacture of a medicament for the treatment of pain.

[0017] As used herein the term "alkyl" is used to refer to a straight chained, cyclic or branched, saturated, aliphatic hydrocarbon.
Alkyl groups present in the compounds (Il)-(VI) are straight chained alkyl groups. Preferred alkyl groups are of the formula
CnHon+1 wherein niis 1 to 8. Typical alkyl groups include methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl and octyl. Preferred alkyl

groups in the compounds (ll)-(VI) are unsubstituted.

[0018] The compound of formula (l) is thebaine and is commercially available, e.g. from Tasmanian Alkaloids, Pty. Alternatively
the compound of formula () can be prepared according to procedures described in the literature.

[0019] In a preferred process of the invention R'in the compound of formula (ll) is preferably Co_7 straight-chained alkyl, more
preferably Cs.5 straight-chained alkyl, especially C3 straight-chained alkyl (e.g. n-propyl). A particularly preferred compound of
formula (ll) is hexen-3-one. It is commercially available, e.g. from Sigma-Aldrich.

[0020] The compound of formula (l) is reacted with a compound of formula (ll) so as to produce a compound of formula (lll). 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 (I) and (ll) may, for instance, be
carried out in any conventional solvent. Solvents having boiling points in excess of 60 °C are preferred (e.g. methanol and
ethanol). Ethanol is a particularly preferred solvent.

[0021] In a typical reaction between compounds of formulae (I) and (Il) the compounds are heated to reflux in excess solvent,

e.g. for 10-24 hours. The process of the reaction may be monitored using, e.g. TLC and/or THNMR. In a preferred reaction 1.2-
15 molar equivalents, more preferably 1.5-10 molar equivalents or 2-8 molar equivalents of the compound of formula (II) is used
relative to the compound of formula (l). 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 (II) is used relative to the compound of formula (l).

[0022] The reaction mixture is then cooled and concentrated. The resulting product, a compound of formula (lll), may be
obtained by a conventional work up procedure and optionally purified. Purification may, for example, by carried out by
crystallisation from methanol or isopropyl alcohol. More preferably the compound of formula (lll) crystallises directly from the
reaction solvent. It may optionally be recrystallised. The yield of the reaction is preferably at least 60 %, more preferably at least
65%, e.g. at least 80%. The maximum yield is 100%. The purity of the compound of formula (lll) is preferably at least 95%, more
preferably at least 97%, still more preferably at least 99%, e.g. 99.5%. The maximum purity is 100%. Purity is preferably
determined using HPLC.

[0023] In a preferred process of the invention the compound of formula (lll) is of formula:

OMe {1
wherein R! is as hereinbefore defined, eg. Rl is Co-7 straight-chained alkyl, more preferably C3.5 straight-chained alkyl,
especially C3 straight-chained alkyl (e.g. n-propyl).

[0024] The compound of formula (lll) may be reduced by any suitable known reduction reaction but is preferably reduced using
an hydrogenation reaction (e.g. using Hp in a Parr vessel or hydrogen transfer). The compound of formula (lll) 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 %wt. 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.

[0025] 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 conventional work up procedure. The compound of formula (IV) is optionally
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purified. For instance, washing with a C4.g alkane such as heptane removes ethanol. An advantage of the hydrogenation reaction
is, however, that the compound of formula (IV) can be used without purification by chromatography and/or crystallisation. The
yield of the reaction is preferably at least 50 %, more preferably at least 65 %, still more preferably 85 %, still more preferably at
least 90%. The maximum yield is 100%. The compound of formula (IV) is preferably obtained with a purity of at least 95%, more
preferably at least 99%, e.g. at least 99.5%. The maximum purity is 100%. Purity is preferably determined using HPLC.

[0026] In a preferred process of the invention the compound of formula (IV) is of formula:

OMe av)
wherein R' is as hereinbefore defined, e.g. R is Co.7 straight-chained alkyl, more preferably Cs.5 straight-chained alkyl,
especially C3 straight-chained alkyl (e.g. n-propyl)

[0027] The compound of formula (IV) is reacted with a compound of formula R2M(X)p wherein R2 is C1-g straight-chained alkyl, M

is metal (e.g. an alkali or alkaline earth metal), X is halide and p is 1 or 0, to produce a compound of formula (V). In preferred

compounds of formula R2M(X)p, RZ2is C1-3 straight-chained alkyl, more preferably C1-2 alkyl, e.g. methyl.

[0028] In further preferred compounds of the formula R2M(X)p M is magnesium or lithium, preferably magnesium. When M is Mg,
p is preferably 1. When M is lithium, p is preferably 0. When present X is preferably Cl, Br or I. Methyl magnesium halide,
especially methyl magnesium bromide and methyl magnesium iodide, is a preferred compound of formula R2M(X)p, especially

methyl magnesium bromide.

[0029] The reaction of the compound of formula (IV) with a compound of formula RZM(X)p is typically referred to as a nucleophilic
addition reaction. When M is Mg and X is halide, the reaction is often referred to as a Grignard addition. The addition reaction
may be carried out in any conventional solvent. Preferred solvents are non-aqueous (e.g. anhydrous solvents). An example of a
preferred solvent is an ether, e.g. MTBE, THF or diethyl ether. MTBE or diethyl ether are preferred. Diethyl ether is a particularly

preferred solvent. THF is particularly preferred when a compound of formula RZM(X)p, wherein Mis Mg, Xis Cland p is 2, is used.

[0030] The addition reaction is preferably carried out at a temperature in the range 20 to 60 °C, more preferably 30 to 45 °C,

e.g. about 35 °C. An excess of the compound of formula R2M(X)p is preferably used. In particular 1.2-4 equivalents, more

preferably 1.5-3 equivalents of a compound of formula RZM(X)p is preferably used relative to the compound of formula (IV).

[0031] The compound of formula (V) may be isolated using conventional techniques. It may optionally be triturated, e.g. with
methanol. Additionally, or alternatively, the compound of formula (V) may be purified by column chromatography. The compound
of formula (V) may also be crystallised. Preferably the compound of formula (V) is crystallised with methanol. The yield of the
reaction is preferably at least 20 %, more preferably at least 30 %, e.g. 20-60%, still more preferably at least 65%. The maximum
yield is 100%. The purity of the compound of formula (V) is preferably at least 95%, still more preferably at least 99%, e.g. at least
99.5 %. The maximum purity is 100%. Purity is preferably determined using HPLC.

[0032] The addition reaction generates a new stereocentre in the compound of formula (V) at carbon 19. The configuration of

this stereocentre depends, at least partially, on the nature of R' and R2.

[0033] In processes of the invention, a (S) stereocentre is generated at carbon 19. In particularly preferred processes, a (S)
stereocentre is generated 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 a compound of formula (V) is provided in the absence of, or substantial absence
of, (R)-isomer. Preferably the compound of formula (V) is provided with less than 1% wt, still more preferably less than 0.5 %wt of
(R)-isomer.

[0034] In a particularly preferred process of the invention, Rlis Ca straight-chained alkyl (e.g. propyl), RZis Cq2 alkyl (e.g.
methyl) and a (8) stereocentre is generated in the addition reaction at carbon 19 in a diastereomeric excess of at least 85 %,
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more preferably at least 90 %, e.g. at least 95 % or at least 99%.

[0035] Thus in a preferred process of the invention the compound of formula (V) is of the formula:

OMe V)
wherein RT and R? are as hereinbefore described, e.g. R1is Co.7 straight-chained alkyl, more preferably C3.5 straight-chained

alkyl, especially C3 straight-chained alkyl (e.g. n-propyl), RZ s C1-3 straight-chained alkyl, more preferably C1-2 alkyl, e.g. methyl

and the (*) represents a (S) stereocentre.

[0036] In a particularly preferred process of the invention the compound of formula (V) is:

(va)

[0037] 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. C14
alcohols, water, acetone, acetonitrile, DCM and MTBE. Methanol, ethanol, water and mixtures thereof are preferred crystallisation
solvents, especially ethanol/water and ethanol. In a typical crystallisation process, an amount of the compound of formula (V)
obtained from the addition reaction is dissolved in the chosen solvent, preferably a minimum amount thereof, and the solution is
allowed to stand, e.g. for 3-4 days. Preferably crystallisation is carried out at -5to 5 °C, e.g. 0-4 °C.

[0038] The compound of formula (V) is preferably hydrolysed with an alkali metal hydroxide to form a compound of formula (VI).
A preferred alkali metal hydroxide is KOH. An excess of alkali metal hydroxide is preferably used in the hydrolysis 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.

[0039] 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 conventional techniques. The
compound of formula (V1) 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 yield 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
HPLC.

[0040] The compound of formula (VI) may also be crystalllised. Preferred solvents for use in crystallisation are AcCN and MTBE.
More preferably the compound of formula (VI) is crystallised from a C14 alcohol and/or water, e.g. ethanol and/or ethanol/water.

[0041] In a preferred hydrolysis reaction the stereochemistry of each of the stereocentres 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 %wt, still more preferably less than 0.01 %wt
(R)-isomer is present.

[0042] Thus in a preferred process the compound of formula (V1) is:
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wherein R1 and R? are as hereinbefore described, eqg. Rlis Co-7 straight-chained alkyl, more preferably C3.5 straight-chained

alkyl, especially C3 straight-chained alkyl (e.g. n-propyl), RZis C1-3 straight-chained alkyl, more preferably C1-2 alkyl, e.g. methyl
and the (*) represents a (S) stereocentre. Preferably the compound of formula (VI) has a purity of at least 99%, e.g. as
determined by HPLC.

[0043] In a particularly preferred process the compound of formula (VI) is:

(Via)

[0044] The compounds (V) and (VI) hereinbefore described may be converted into their salts by techniques well known in the art.
Preferred salts are pharmaceutically acceptable salts. 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 6-hydroxy
derivative may be isolated by recrystallisation.

[0045] 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 derived from organic acids such as p-toluenesulfonic acid, salicylic acid,
methanesulfonic acid, oxalic acid, succinic acid, citric acid, malic acid, lactic acid, fumaric acid, trifluoro acetic acid and the like.
The modification of a compound into a salt is a technique well known to chemists to obtain improved physical and chemical
stability, hygroscopicity, flowability and solubility of compounds.

[0046] Preferred compounds of the invention are compounds of formulae (VI) as described above wherein Rlis preferably Co-7

straight-chained alkyl, more preferably Cs.5 straight-chained alkyl, especially C3 straight-chained alkyl (e.g. n-propyl). In

preferred compounds of formula (V1), RZis C1-3 straight-chained alkyl, more preferably C1-2 alkyl, e.g. methyl. In compounds (VI)
of the invention, the stereocentre at carbon 19 is (S).

[0047] A preferred compound of formula (V1) is a compound of formula:

(VI-S)
wherein R1 and R?2 are as hereinbefore described (e.g. Rlis Cp.7 straight-chained alkyl, more preferably C3.5 straight-chained

alkyl, especially C3 straight-chained alkyl (e.g. n-propyl), RZis C1-3 straight-chained alkyl, more preferably C1-2 alkyl,and the (*)

represents a (S) stereocentre.

[0048] A particularly preferred compound of formula (VI) is a compound of formula:
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(Vla)

[0049] 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 illustrated in the
examples that follow hereinafter. The compounds (lll) and (IV) are also useful in the preparation of (R)-dihydroetorphine, which is
known to have useful pharmaceutical properties.

[0050] Moreover the compounds of formulae (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-S)) and one or more pharmaceutically acceptable carriers. The
compounds of the invention, e.g. compounds of formula (VI-S) can be present alone or in combination with another active
ingredient in a composition.

[0051] The compositions, e.g. pharmaceutical compositions, of the invention may take any conventional form. Preferably,
however, the compositions of the invention are 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. intravenous, administration.

[0052] By "transdermal" delivery is meant administration of the compounds hereinbefore described to the skin surface of an
individual so that the agent passes through the skin tissue and into the individual's blood stream. The term "transdermal" is
intended to include transmucosal administration, i.e., administration of the compound to the mucosal (e.g., sublingual, buccal,
vaginal, rectal) surface of an individual so that it passes through the mucosal tissue and into the individual's blood stream.

[0053] Transdermal dosage forms of the invention include, but are not limited to, mouth pastilles, sprays, aerosols, creams,
lotions, ointments, gels, solutions, emulsions, suspensions, or other forms known to one of skill in the art. Dosage forms suitable
for treating mucosal tissues within the oral cavity can be formulated as mouthwashes or as oral gels. Further, transdermal dosage
forms include "reservoir type" or "matrix type" patches, which can be applied to the skin and worn for a specific period of time to
permit the penetration of a desired amount of active ingredients.

[0054] Suitable excipients (e.g. carriers and diluents) and other materials that can be used to provide transdermal dosage forms
encompassed by this invention are well known to those skilled in the pharmaceutical arts, and depend on the particular tissue to
which a given pharmaceutical 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-diol, isopropyl myristate, isopropyl palmitate,
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.

[0055] 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 such as dimethyl sulfoxide; dimethyl acetamide; dimethyl formamide;
polyethylene glycol; pyrrolidones such as polyvinylpyrrolidone; Kollidon grades (Povidone, Polyvidone); urea; and various water-
soluble or insoluble sugar esters such as Tween 80 (polysorbate 80) and Span 60 (sorbitan monostearate).

[0056] 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 such as stearates can also be
added to pharmaceutical compositions or dosage forms to 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 penetration-enhancing agent. Different salts, hydrates or solvates
of the active ingredients can be used to further adjust the properties of the resulting composition.
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[0057] 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 more suitable excipients including flavouring agents. Suppositories for rectal
administration of the compounds of the invention (e.g. compounds of formulae (VI-S)) can be prepared by mixing the compound
with a suitable excipient such as cocoa butter, salicylates and polyethylene glycols. Formulations for vaginal administration can be
in the form of a pessary, tampon, cream, gel, paste, foam, or spray formula containing, in addition to the active ingredient, such
suitable carriers as are known in the art.

[0058] For topical administration the pharmaceutical composition comprising the compounds of the invention can be in the form
of creams, ointments, liniments, lotions, emulsions, 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.

[0059] 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.

[0060] Thus the invention provides a compound as hereinbefore defined, and especially compounds of formula (VI-S), for use as
an analgesic, wherein said compound is administered intravenously.

[0061] Typically, compositions for intravenous administration comprise sterile isotonic aqueous buffer. Where necessary, the
compositions can also include a solubilizng 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 a
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.

[0062] The compounds of the invention (e.g. compounds of formulae (VI-S)) may be used in medicine, e.g. to 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.

[0063] 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.

[0064] The compounds of the invention are particularly useful in the treatment of nociceptive and neuropathic pain.

[0065] The invention will now be described with reference to the following non-limiting Examples and Figures wherein the (R)
compounds described are for reference:

Figure 1 shows the 1 H NMR spectra for (R) and (S)-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 (S)-19 Propyldihydrothevinol

Figures 6 and 7 show the X-ray structure of (R)-Dihydroetorphine

Figures 8 and 9 show the X-ray structure of (S)-Dihydroetorphine

Figure 10 shows the stereochemistry of all of the chiral carbons present in (R) and (S)-Dihydroetorphine

Figures 11 to 13 show time-course curves following intraveneous administration of (R) or (S) DHE or a reference or comparator
substance

Figures 14 to 17 show dose response curves following intravenous administration of (R) or (S) DHE or a reference or comparator
substance

Figures 18 to 23 show the effects of intravenous administration of (R) or (S) DHE or a reference or comparator substance in the
spinal nerve ligation model of neuropathic pain

EXAMPLES



Preparation of (S)-Dihydroetorphine

Stage 1 - Diels-Alder Reaction

[0066]

Reaction Scheme

Method

OMe.
Thebaine

DK/EP 2370443 T3

[0067] 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 combined and washed with IPAc
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

Scale Conditions Temp (°C) Comments

500mg Benzene (20vols) Reflux Overnight reflux gave approx40% completion
Hexen-3-one (2.0 mol eq)

459 Methanol (10vols) Reflux 68% completion by NMR
Hexen-3-one (2.0 mol eq)

4.5¢ Ethanol (10vols) Reflux >95% completion by NMR. 70% isolated yield
Hexen-3-one(7.5 mol eq)

[0068] Using ethanol as the solvent, the final isolated yield of product was 70% as a light yellow solid, after work-up and the

quality by 1H NMR looked very good.

Stage 2 - Hydrogenation

[0069]

Reaction Scheme

(J

Method

e
SH

o

Ome

winitl
<°’/ PdIC, H,
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[0070] 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. Isolated yield was 91% in total, giving a 3.8g of product

Table 2 - Summary of Experiments, Stage 2

Scale Conditions Temp (°C) Comments

419 Ethanol (60ml) 50°C -91% isolated yield
1g Pd/C (10%)
hydrogen (50psi)

Stage 3 - Grignard Addition

[0071]
Reaction Scheme

MeMgBr

5

Ove

(S)-19Pr-DHT

Method

[0072] 19- propyldihydrothevinone (Stage 2 product) was dissolved in diethyl ether (35 vols). Methyl magnesium bromide (92.6
mol. eq.) was added to this solution 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 solution. The mixture was extracted with
2-methyl THF and the organic layers evaporated in vacuo to give a viscous oil.

Table 3 - Summary of Experiments, Stage 3

Scale jConditions Temp (°C) iComments
0.13¢g 2-diethyl ether (25 vols) §{40°C Good quality material produced
3M MeMgBr (1.5 eq)
0.79g {2-diethyl ether (25 vols) {35°C Stirred overnight. 93% purity after work-up. Crude product
3M MeMgBr (1.5eq) trgggaljgg.m methanol to give 0.32g pure material and 0.5g impure
2.29 2-diethyl ether (35 vols) §{35°C 2.69g crude (~90% pure) isolated. Triturated in methanol to give
3M MeMgBr (2.6 eq) 1.6g of pure material.

[0073] The sole product of the Grignard addition is the (S)-enantiomer. No (R)- enantiomer was detected.

Stage 4 - Crystallisation of (R) and (S)-19-propyldihydrothevinol

[0074] In order to prepare a single crystal of high quality for x-ray crystallography, a series of experiments were run in many
solvents to determine the best solvent system for growing a single crystal of 19-propyldihydrothevinol. The experiments are
summarized in table 4 below. The R-enantiomer was prepared using an alternative method.

[0075] In general the crystallisation method used was as follows: a small amount of solid 19-propyldihydrothevinol (obtained from
Stage 3) was dissolved in just over the minimum amount of solvent. The solution was allowed to stand for up to 3-4 days and the

11
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solvent removed by filtration or decanting in order to isolate single crystals.
Table 4 - Summary of Re-crystallisations

Solvent Co-solvent |Diasterecisomer jTemperature {Crystals jComments

MTBE None (S) RT Yes High quality - submitted for X-ray
AcCN None (S) RT Yes High quality

DCM None (R) Dissolved Hot {Yes High quality - submitted for X - ray
Acetone  {None (R) Dissolved Hot {Yes High quality - submitted for X-ray
Ethanol None (R) Dissolved Hot {Yes High quality - submitted for X-ray

[0076] The THNMR spectra for each of the diastereomers are shown in Figure 1.

Stage 5 - Hydrolysis of (S)-19-propyldihydrothevinol

[0077]
Reaction Scheme

KOH

Method

[0078] The (S)-19-propyldihydrothevinol (from Stage 3) was dissolved in diethylene glycol (17 vols) and treated with potassium
hydroxide (~20 eqgs) 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 chloride and the mixture
extracted with DCM (3 x 50 vols). The combined organic extracts were evaporated in vacuo to a crude oil (approx. 40 % purity).
The purity was increased with repeated triturations in methanol until a yellow solid was formed and isolated in good purity (>95%).

[0079] The product was recrystallised from several solvents and crystals were obtained from acetonitrile. These were used for X-
ray crystallographic studies.

[0080] R-enantiomer was obtained using an analogous reaction.

X-ray Crystallography Studies

[0081] 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.

R) and (S) 19-propyldihydrothevinol

[0082] Several batches of both (R) and (S) 19-propyldihydrothevinol were submitted for X-ray crystallography.
[0083] The X-ray structures are shown in Figures 2-5.

[0084] Figures 2 and 3 show the X-ray structure of (R)-19 Propyldihydrothevinol. From the X-ray it can be clearly seen that it has
the (R)-configuration at carbon 19. This can be assigned with respect to chiral methyl ether, which retains the (R)-configuration

12
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[0085] Additionally from figure 3, where the hydrogen atoms are showing, it can be seen that the hydrogen at the 7 position is on

the same face as the hydrogen at position 5 (next to the furan ring), giving the configuration as (R).

[0086] In this way all of the chiral carbons have now been assigned and are depicted in Figure 10.

Table 6 - Other Information (R)-19-Propyldihydrothevinol

Property Value
Symmetry cell setting Monoclinic
Symmetry space group name H-MP2(1)
Loop symmetry equiv pos as xyz %Y, Z'-x, y+1/2, -Z
Celllengtha 11.0464(6)
Celllength b 12.4554(7)
Celllengthc 16.2271(7)
Cell angle alpha 90.00
Cellangle beta 98.481(5)
Cell angle gamma 90.00

Cell volume 2208.2(2)

[0087] Figures 4 and 5 show the X-ray structure of (S)-19-Propyldihydrothevinol.

[0088] From Figure 4 it can be clearly seen that it has the opposite stereochemistry of (S)-configuration at carbon 19 to the
crystal shown in Figure 3. This can be assigned with the respect to chiral methyl ether, which retains the (R)-configuration from

thebaine starting material.

[0089] Again the 7-carbon hydrogen (show in figure 5) shows that the configuration at this carbon is also (R), as with the first

diastereoisomer.

[0090] Therefore we can now safely conclude that the only difference between the 2 compounds by X-ray crystallography is the

stereoconfiguration at carbon 19.
Table 7- Other Information (S) 19-Propyldihydrothevinol

Property Value
Symmetry cell setting Monoclinic
Symmetry space group name H-M P2(1)
Loop symmetry equiv pos as xyz %y, Z ' y+t1/2, -Z
Celllengtha 13.8650(3)
Celllengthb 10.8560(2)
Celllengthc 15.4030(4)
Cellangle alpha 90.00

Cell angle beta 99.7500(8)
Cell angle gamma 90.00

Cell volume 2284.95(9)

(R) and (S)-Dihydroetorphine

[0091] The X-ray structures are shown in Figures 6-9.

[0092] Figures 6 and 7 shows the X-ray structure of (R)-dihydroetorphine. It can clearly be seen from these Figures that it has
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the (R) configuration at carbon 19. This can be assigned with respect to the chiral methyl ether, which retains the (R)-

configuration from the original starting material, thebaine.
Table 8 - Other Information (R)-Dihydroetorphine

Property Value
Symmetry space group name P21242
Loop symmetry equiv pos as xyz %Y, Z",

"X, Vaty, -Z
Celllengtha 16.3405(7)
Celllength b 35.605(2)
Celllengthc 7.5209(3)
Cellangle alpha 90.00
Cellangle beta 90.00
Cell angle gamma 90.00
Cell volume 4375.69

[0093] Figures 8 and 9 show the X-ray structure of (S)-dihydroetorphine. It can clearly be seen from these Figures that it has the

(8) configuration at carbon 19. This can be assigned with respect to the chiral methyl ether, which retains the (R)-configuration

from the original starting material, thebaine.

[0094] Additionally the 7-carbon hydrogen (shown in Figure 9) shows that the configuration at this carbon is also (R), as with the

first diastereoisomer.

[0095] Therefore it can be concluded that the only difference between the 2 compounds by X-ray crystallography is the

stereoconfiguration at carbon 19.
Table 9 - Other Information (S)-Dihydroetorphine

Property Value
Symmetry space group name H-M P2(1)
Loop symmetry equiv pos as xyz %V, Z",

Rotation axis (2 fold): '-x, -y, Z

Screw axis (2 fold): "zx, Vat+y, -2

Screw axis (2 fold): "Vot++x, Yoy, -2

Celllengtha 7.2310(3)
Celllengthb 14.0795(6)
Celllengthc 10.6984(5)
Cellangle alpha 90.00

Cell angle beta 96.226(4)
Cell angle gamma 90.00

Cell volume 1082.77

OPTIMISATION OF PROCESS

[0096] The following methods and equipment were used:

Method 38XB and UFC-LC-MUN-1 are a reverse phase, gradient HPLC procedures using an Xbridge C18 column and a mobile
phase consisting of acetonitrile and 0.01 M ammonium acetate pH 9.2.

NMR was carried out using a Bruker Avance 400MHz spectrometer MS was carried out using a ZMD Micromass mass

spectrometer

14
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LC was carried out using an Agilent 1100 HPLC system
Stage 1: Diels-Alder Reaction

0]

at

Chemical Formula: CgH400
Molecular Weight: 98.14

EtOH, reflux
Thebaine (1) 20-o-ethylthevinone (2)
Chemical Formula: CygH,NO5 - Chemical Formula: CgH3,NO,
Molecular Weight: 311.37 Molecular Weight: 409.52

[0097] The initial method employed was as described above. The main contaminant was identified as the 7B-isomer shown
below.

20-p~ethylthevinone (2B)

[0098] It was subsequently discovered that both the purity and recovery of 20-a-ethylthevinone 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 0.1eq) and upon completion of the reaction, removing 0.5
volumes of solvent via distillation. Upon cooling the resulting solution the product precipitated as a solid (aged for 1 hr) and was
filtered.

[0099] Procedure: To a 1 L (3-neck) flask fitted with an overhead stirrer and reflux condenser the following were charged,
thebaine (0.32M, 100g, 1eq), EtOH (250mL) and 1-hexen-3-one (90%, 0.45M, 58mL, 1.4eq). The mixture was heated at reflux for

13hrs and analysed by TH 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 2hrs, before stirring overnight at room temperature. Analysis showed starting material
(~2.8molar %). The material was transferred 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 filtering. The solid was washed
with ice-cold EtOH (4x20mL) and pulled dry on the filter for ~ 1.5 hrs. White solid (105.4g, 80%).

Table 10
Scale Conditions Temp (°C) Comments
10g 1eq thebaine Reflux (bath temp 94°C) {Yield 69%, 9.03g, contains 6% of 73-isomer - 92%
2.8eq 1-hexen-3-one purity
2.5 vol EtOH
29 1 eq thebaine Reflux (bath temp 94°C) {Yield 55%, 1.44g. Material precipitated on cooling -
1.8eq 1-hexen-3-one
2.5vol EtOH >99.5% purity
100g 1eq thebaine Reflux (bath temp 101 °C) {Yield 80%, 105.4g. Material precipitated.
1.5eq 1-hexen-3-one
2.5 vol EtOH >99.5% purity

Analytical Methods and In-Process-Checks (IPCs)
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[0100] TH NMR (400MHz) was used for IPCs plus HPLC method 38XB during lab work. Reaction was deemed complete when <5
molar % starting material remained by 1H NMR based on the signals at & 5.05ppm and 5.3ppm (CDCI3) For confirming purity and

for LC-MS work method UFC-LC-MUN-1 was used in the analytical lab.
TLC (5% MeOH/ 95% DCM) lodoplatinate stain: R = 0.25 Thebaine, Rf = 0.66 (7a)-20-ethylthevinone.

Analytical Summary

[0101]
Appearance RT/RRT HPLC (%ala)
7a 20-ethylthevinone 10.69 /1.0 { Thebaine 5.82/ 78 20-ethylthevinone 11.67 /
0.54 1.09
White solid >09.5 none none

[0102] TH NMR (CDCl3; 400MHz); d = 0.80 (3H, 1), 1.4 (1 H, m), 1.6 (3H, sext.), 1.9 (1 H, d), 2.0 (1 H, br), 2.4- 2.6 (8H, m), 2.9
(2H, br), 3.35 (2H, d), 3.6 (3H, s), 3.85 (3H,s), 4.6 (1 H,s), 5.6 (1 H, d), 6.0 (1 H, d), 6.55 (1 H,d), 6.7 (1 H, d)

13¢ NMR (CDCl3; 75MHz); & = 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

TLC; 5:95; MeOH:.DCM,; single spot rf =0.66

Advantages of optimised process

[0103] Increased yield to 80%

Amount of 1-hexen-3-one has been reduced to 1.5 equivalents with no decrease in 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).

IPC shows completion at >97% conversion by THNMR (<3% thebaine).
Stage 2 Hydrogenation

N/
XS oo
o 0 EtOH
MeO 0 OMe

50-60C
20-ethylthevinone (2) : 20-ethyldihydrothevinone (3)
Chemical Formula: CosHaNO4 Chemical Formula: CpgHzaNQy
Molecular Weight: 409.52 : Molecular Weight: 411.53

[0104] The results of the development work for the hydrogenation stage are outlined in Table 11 below. The reaction has been
'stressed' both in terms of catalyst loading and reaction temperature. In addition, by reducing the reaction volume from 17 vol to
12 vol, the quality of the product and isolation of the product has been improved.

[0105] Interestingly both the starting material and product are thermally stable to ~80 °C over 1-2 hours which allows for higher
reaction temperature, increasing solubility of both the starting material and product, during reaction. It was found that in this case
the solubility was key to good reactivity and higher temperatures were employed during scale-up to achieve completion of

reaction.

[0106] In the final scale-up reaction the temperature increased out of "normal" range during the initial heating of the reaction
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vessel and a fast reaction was observed (hydrogen uptake). On reducing the temperature to 55°C the reaction decreased
significantly and only on further addition of catalyst and an increase in temperature to ~65°C did the reaction achieve completion.

[0107] Isolation 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 isolated by filtration of the
crystallised solid in good yield (72%).

[0108] 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 to the hydrogenation vessel. EtOH (1 L) was charged to the vessel, the vessel was
sealed 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 allowed to cool back to room temperature overnight (pot
exotherm). The vessel was refilled with Hp, sampled and analysed by LC and found not to be complete. The vessel was heated to

an internal temperature of 55-65°C and the reaction progress monitored by LC - the hydrogen pressure was maintained at 50psi
throughout by periodic refills. After 24hrs an additional catalyst charge (5g) was made and the reaction continued. After an

additional 16hrs the reaction was complete by LC and 1H NMR. The internal temperature was raised to 68°C and the mixture
transferred under vacuum to a 3L rbf. The Parr vessel was flushed with hot EtOH (200mL) and the wash transferred to the rbf.
The mixture was heated to 77°C before filtering (GF/F paper). The catalyst bed was washed with hot EtOH (1x 300mL) and the
filtrate allowed to cool to room temperature. The filtrate was cooled in an ice-water bath for 50min before filtering. The collected
solid was washed with ice-cold EtOH (1x100mL), heptane (1x300mL) and pulled dry for 1.5 hrs. White solid (72g, 72%).

Table 11

Scale Conditions temp (°C) Comments
4.5¢ 1 eq 20-ethyithevinone, Pd/C (50% wet, Pot temp 55°C After 16hrs, 1g sample (0.7%SM left)
2.71 g), 14vol EtOH, 25psi Hy was removed. Reaction continued until

complete. Yield 90%, 3.4g

0.680g i 1 eq 20-ethylthevinone, Pd/C (50% wet, Pot temp 55°C Yield 85%, 0.5809g
0.034g), 70vol EtOH, 50psi Ho

2.329 1 eq 20-ethylthevinone (547-089-1), Pot temp 55°C After 16hrs reaction complete.
Pd/C (50% wet, 0.2329), 17vol EtOH, Reaction filtered, concentrated to ~1/3
50psi Ho vol and ppt collected. Yield 64%,
1.494¢g
0.69 1 eq 20-ethylthevinone (547-090-1), Pottemp 55°C Reaction complete after 16hrs. Workup
Pd/C (50% wet, 0.60g), 17vol EtOH, not complete.
50psi Ho
100g { 1 eq 20-ethylthevinone, Pd/C (50% wet, { Maximum pot temp 82 {Product crystallised from reaction
15g), 12 vol EtOH, 50psi Ho °C Optimal temp | mixture after removal of catalyst. Yield
~60°C. 72%, purity >99%

Analytical Methods and In-Proce ss-Checks

[0109] TH 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-ethylthevinone and 96% of 20-ethyldihydrothevinone.

[0110] For confirming purity and for LC-MS work method product from the 100g scale reaction was used in the analytical lab.

Analytical Results

[0111]
Appearance HPLC (a/a%) Comments
White solid >99 No 20-ethylthevinone remained. No other impurity detected.

17



DK/EP 2370443 T3

Analysis

[0112] "H NMR (CDCl3; 400MHz); & = 0.75 (1H, tt), 0.9 (1H, 1), 1.35 (1H, t,d), 1.5-1.75 (7H, m), 2.1 (1 H, t,d), 2.3 (5H, m), 2.5
(2H, q), 2.6-2.7 (3H, m), 3.0 (1 Hg, 1), 3.1 (1 Hd), 3.5 (3H,s), 3.9 (3H, s), 4.5 (1 H, d), 6.6 (1 H, d), 8.7 (1 H, d).
13C NMR (CDCl3. 75MHz); & = 13.73, 16.99, 17.31, 21.98, 28.67, 30.70, 35.17, 35.66, 43.51, 45.24, 45.78, 48.28, 48.91, 52.26,

56.76, 61.35, 94.96, 114.01, 119.16, 128.71, 132.47, 141.76, 146.80
LC; >99%

Residual Solvent (by 1H NMRY); No residual ethanol

Advantages of Optimised process

[0113] Reducing the reaction volume from 17 vol to 12 vol allows the direct crystallisation of the product.
[0114] Product isolated in 72% yield with a purity >99%.

[0115] A temperature of about 65°C would appear to be optimum for solubility and reactivity. Drying the solid on the filter bed

and washing with heptane removes ethanol traces to an acceptable level ready for the next stage.
Stages 3 and 4: Grignard and crystallisation

N/
MeMgBr
ag0s
MeO o™ OMeO Et0
20-ethyldihydrothevinone (3) (S)-19-Propyldihydrothevinol (4)
Chemical Formula: C5H3aNO4 Chemical Formula: CogHa7NO,
Molecular Weight: 411.53 Molecular Weight: 427.58

[0116] The results of the work are summarised in Table 12 below. Different ethereal solvents were investigated, with diethyl ether
giving the best quality material, although the difference between diethyl ether and MTBE was found to be relatively minor.

[0117] 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 constitutional isomer, which results from the ring-closure ring- opening reaction of excess Grignard reagent on 20-
ethyldihydrothevinone.

MeMgBr

Et,0
3) ' )

Chemical Formula: CsHaaNO4 Chemical Formula: CogHzzNO4
Molecular Weight: 411.53 Molecular Weight: 427.58

[0118] The second impurity, which has a similar retention time (LC-MS) to the product is believed to be the diastereoisomer (R)-
19-propyldihydrothevinol.
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(R)-19-Propyldihydrothevinol (6)

Chemical Formula: CpgHg7NO4
Molecular Weight: 427.58

[0119] Both impurities are removed efficiently by the methanol re-crystallisation.

[0120] 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 comparable at room temperature and at reflux temperature.

[0121] 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 methanol).

[0122] Methylmagnesiumiodide was also utilised and gave comparable results to the bromide.

[0123] Procedure: 20-Ethyldihydrothevinone (0.073M, 30g) was dissolved (cloudy solution) in anhydrous diethyl ether (1050mL;
35vols). Methylmagnesium bromide (0.189M, 63mL) was added drop wise over 1 hr maintaining the internal temperature below
28°C. The resulting white suspension was heated at reflux for 5hrs, cooled to room temperature and stirred under a nitrogen
atmosphere overnight. An aliquot (~ 0.3mL) was removed and quenched with sat. NH4Cl (~1.0mL) and analysed by LC (upper
layer from aliquot diluted with MeCN (~1 mL). The reaction was continued until the level of starting material was less than 5%. The
reaction was quenched by the addition of sat. NH4Cl (138mL) to the reaction mixture maintaining the internal temperature below
30°C. The mixture was phase separated, the aqueous phase extracted with diethyl ether (1x200mL) and the combined organic
phase dried (MgSOy4). The solution was concentrated in vacuo to yield a viscous oil (33.4g). MeOH (100mL) was added and the
mixture heated to a bath temperature of 60°C, before cooling to room temperature. The solid was filtered, washed with ice cold
MeOH (3x25mL), washed with heptane (1x25mL) and pulled dry. White solid (21g, 68%)

Table 12

Scale | Conditions Temp (°C) Comments

1.0g 1eq 20- 60°C Crude material purified by column chromatography to yield two main
EtDHT, fractions: 180mg of impure product plus an unidentified material
(140mg)

1.2eq
MeMgBr

6.1 vol 2-
MeTHF

0.59 1 eq 20- reflux 0.449 of oily gum which looks okay by TH NMR. Trituration from
EtDHT, MeOH yielded two samples: 160mg (96%) and 150mg (90%)

2.6eq
MeMgBr

35v0l Ety0

0.6g 1 eq 20- reflux 0.45¢ of oily gum. Purity = 77% (by LC). Trituration yielded 110mg
EtDHT, 0f 94.1% purity.

2.6eq MeMg|
35vol EtoO

30.0g .1eq 20- reflux <2% SM and 81% product. After work-up and re-crystallisation from
EtDHT MeOH: yield 68%, 21g, >99% purity.

2.6eq
MeMgBr

35vol EtyO
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Scale { Conditions Temp (°C) Comments
19 1eq 20- rapid. addition, then {After work-up and trituration with MeOH: yield 54%, 0.569, 96%
EtDHT heated 45°C /4h  {purity
2.6eq
MeMgBr
35 vol TBME
19 1 eq 20- rapid addition, then {After work-up and trituration with MeOH: yield 52%, 0.544g, 95.7%
EtDHT heated 45°C /4h  {purity
2.6eq
MeMgBr
35 vol CPME
10g 1eq 20- rapid addition, then {After completion of MeMgBr addition: 1.2% 20-EtDHT, 85% product
EtDHT (HPLC). After heating, work-up and trituration
2.6eq
MeMgBr
35 vol TBME
heated 35°C/4h  {with MeOH: yield 75%, 7.799, 96.4% purity
19 1eq 20- rapid addition, no  jAfter completion of MeMgBr addition: 0.3% 20-EtDHT, 84% product
EtDHT heating, stirred 4h  {(HPLC). After work-up and trituration with MeOH: yield 58%, 0.60g,
26eq 94 .8% purity
MeMgBr
35 vol Etp0

Analytical Methods and In-Proce ss-Checks

[0124] TH NMR (400MHz) was used plus HPLC method 38XB during lab work. The reaction was monitored by LC analysis of a
quenched (sat NH4Cl) reaction aliquot: <2.0% 20-ethyldihydrothevinol and 71% (S)-19-propyldihydrothevinol.

[0125] For confirming purity and for LC-MS work method UFC-LC-MUN-1 was used in the analytical lab.

Analytical results

[0126]
Appearance | HPLC (a/a%) Comments
White solid 941 From MeMg|
White solid >99 Crude material had an overall purity of 81% and contained <2% starting material

TH NMR (CDCl3: 400MHz); & = 0.75 (1 H, m), 0.85 (3H, 1), 0.95-1.1 (6H, m), 1.3 (1 H, m), 1.5-1.7 (7Hm), 1.8 (1H,1), 2.0 (1H, t,d),
2.1-2.4 (6H, m), 2.6 (1Hd), 2.7 (1H, t,d), 3.0 (1H, d), 3.5 (3H, s), 3.8 (3H, s), 4.3 (1 H, s), 4.7 (1 H, s), 6.5 (1H, d), 6.7 (1 H, d)
13C NMR (CDCl3: 75MHz); & = 15.12, 16.96, 18.04, 21.91, 25.55, 29.88, 31.99, 35.53, 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%

Advantages of optimised process

[0127] Reaction works in a range of ethereal solvents, although diethyl ether appears to give the cleanest crude product.

[0128] Material of excellent purity is obtained following a re-crystallisation from methanol.
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Stage 5: Hydrolysis

KOH
(S)-19-Propy!dihydrothevinol (4) (S)-Dihydroetorphine
Chemical Formula: C2osHs7NO4 Chemical Formula: CosHasNOy4
Molecular Weight: 427.58 Molecular Weight: 413.55

[0129] The reaction was run without significant changes (Table 13). Recrystallisation was carried out from an ethanol/water
mixture then ethanol.

[0130] 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 to room temperature over ~ 2hrs. The white solid was collected by filtration. (4.26g, 42wt%
recovery). Purity 98%. Overall wt% yield = 45%

Table 13
Scale Conditions Temp Comments
(°C)
15¢ (S)-19 propyldihydrothevinol (1eq), KOH 185 Reaction heated at 185°C for ~ 18hrs with air
(20.85eq), diethylene glycol (16.6vol) condenser. Yield of crude 107%, purity 95%

Analytical Methods and In-Proce ss-Checks

[0131] TH NMR (400MHz) was used plus HPLC method 38XB during lab work for IPCs. The reaction was monitored by LC
analysis and quenched when no (8)-19-propyldihydrothevinol remained. The reaction was 92% complete.

[0132] For confirming purity and for LC-MS work method UFC-LC-MUN-1 was used in the analytical lab.

Analytical results

[0133]

Appearance HPLC (a/a%)
Tan solid 95.0

TH NMR (CDCl3; 400MHz); 5 = 0.7 (1H, m), 0.8 (3H,t), 1.0 -1.1 (5H, m), 1.3 (1H, m), 1.5-1.8 (6H, m), 1.85 (1H, 1), 1.95 (1 H, td),

2.1-2.3 (5H,m), 2.6 (1 H, d), 2.7 (1 H, 1), 3.0 (1 H, d), 3.5 (3H, s), 4.3 (1 H, s), 4.8 (1 H, s), 6.0 (1 H, br), 6.4 (1 H, d), 6.7 (1 H, d)

3¢ NVR (CDCl3; 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, 49.04,

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

[0134] Significant improvement in the purity of the crude material obtained from the reaction to 95%.

[0135] Removal of the methanol trituration - material recrystallised from ethanol/water and ethanol.
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Pure S-DHE

[0136] 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).

[0137] Procedure:

1. (1) (8)-DHE (3.0g) was added to EtOH (10mL) and the suspension heated at reflux producing an orange solution. The
solution was allowed to cool to room temperature over 16hrs. The resulting white solid was collected by filtration (2.1g,
70wt%). Purity >99%.

2. (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 to room temperature over 2hrs. The resulting white solid was collected by filtration (1.29g,

72wt%).

Table 14

Scale

Conditions

Temp (°C)

Comments

10g 9.2 vol of ~ 65/35 EtOH/water reflux

Material heated in EtOH, then water added. White solid,
42wt% recovery, 98% purity

3.0g

3.3 vol (EtOH)

reflux

White solid, 70wt% recovery, >99% purity

1.8g9 | 4.5 vol (20%water/80% EtOH) reflux

Water added at reflux, then allowed to cool. 72wt% recovery,
>99%

Analytical Methods and In-Proce ss-Checks

[0138] THNMR (400MHz) was used plus HPLC method 38XB during lab work for IPCs.

[0139] For confirming purity and for LC-MS work method UFC-LC-MUN-1 was used in the analytical lab. For confirming chiral
purity method UFC-LC-MUN-2 was used in the analytical lab.

Analytical results

[0140]

Appearance

HPLC (a/a%)

Chiral % purity (HPLC)

White solid

>99%

99.98

Advantages of optimised process

ecrystallisation from ethanol/water or ethanol produces material of good overall purity and <0.02% (R)- .
0141] R tallisation fi thanol/wat thanol prod terial of good Il purity and <0.02% (R)-DHE

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

22



DK/EP 2370443 T3

[0142] 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 sensation)).

[0143] The objective of this study was to assess the potential analgesic effects of R- and S-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.

TEST SUBSTANCES AND MATERIALS

Test substances, reference substance and vehicle

[0144]

Test substance: Dihydroetorphine (R-DHE colourless liquid, used as free base) and dihydroetorphine (S-DHE liquid; used as
free-base)

Vehicle for test substance: Citrate buffer (citric acid monohydrate:sodium citrate:sodium chloride:water for irrigation, in the ratio,
0.03:0.10:0.86:90.01 (g:g:g:mL))

[citric acid monohydrate (white powder, Sigma, UK), sodium citrate (Sigma, UK), sodium chloride (white solid; Merck), sterile water
for irrigation (clear liquid; Baxter Healthcare, UK)]

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

Comparator substance: Fentanyl citrate (white powder; Sigma, UK)

Test, reference and comparator substance storage

[0145] 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

[0146] The route of administration of R- and S-isomer forms of DHE and the vehicle was intravenous. A possible route of
administration in humans is intravenous. The doses of the R-DHE were 0.1, 0.3 and 0.5 pug/kg. The doses of the S-DHE were 3,
10 and 30 pg/kg.

[0147] The dose of morphine was 5 mg/kg. The route of administration of morphine was intravenous.

[0148] The doses of fentanyl were 0.5, 2 and 6 pg/kg. The route of administration of fentanyl was intravenous.

ANIMALS

[0149]
Species: Rat
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Strain: Sprague-Dawley

Sex: Male

Number of animals: 111 animals were allocated to study; the remaining 9 animals were returned to stock
Age range: 9 to 11 weeks (based on the average body weight)

Weight range: 198 t0 258 g

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

Source: Harlan UK Ltd

Animal identification and randomisation

[0150] 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.

Animal health and welfare

[0151] All studies were conducted in accordance with the legislation under the Animals (Scientific Procedures) Act 1986, 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 procedure number 213N, which has a moderate severity
limit.

Housing and environment

[0152] Animals were housed in groups of up to 5 in sawdust filled solid-bottom cages. During the acclimatisation, the rooms and
cages were cleaned at regular intervals to maintain 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 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 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

[0153] A diet of RM1(E) SQC (Special Diets Services, Witham, UK) and mains tap water were offered ad libitum. Each 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 diet manufacturer and water analytical service, respectively.

Health status

[0154] The animals were examined on arrival and prior to the study; all animals were healthy and considered suitable for
experimental use.

EXPERIMENTAL DESIGN

Formulation of the test, reference and comparator substances
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[0155] The citrate buffer was prepared by accurately weighing the appropriate quantities of each component and dissolving them
in sterile water for irrigation. When the components were fully dissolved the osmolality and pH of the solution were measured. The
vehicle was deemed acceptable as the pH was 5.01, which was within the range pH 4.8 to 5.2 and the osmolality was 296
mOsmol/kg, between the range of 280 to 300 mOsmol/kg. The vehicle was then terminally filtered through a Millex GV stericup
under aseptic conditions and stored at 2 °C to 8 °C prior to use.

[0156] The test substances, DHE (R- and S-isomers), were formulated for dosing as solutions in citrate buffer. The desired
concentrations (0.02, 0.06 and 0.10 ug/mL for the R-DHE, and 0.6, 2 and 6 ug/mL for the S-DHE) for dosing were achieved by
serial dilution of the appropriate stock solutions which were provided at an approximate concentration of 20 pg/mL. Stock
solutions were passed through a Millex GV 0.22 um Durapore sterile filter unit into glass vials and each subsequent dilution with
the sterile citrate buffer was performed by sterile manipulation. Formulations were prepared within the known stability period for
(R) DHE and stored refrigerated, at approximately 4 °C, until required for dosing.

[0157] 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 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.

[0158] The comparator substance, fentanyl 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 pg/mL. A correction factor of 1.57 was applied to enable the dose of fentanyl to be expressed
in terms of free-base. Solutions were freshly prepared and protected from light

Group sizes, doses and identification numbers

[0159] There were 11 treatment groups, with up to 10 rats per group. Each treatment group was given a letter (Ato K). The rats
were randomly allocated to treatment groups on the day prior to dosing based on the pre-dose baseline values for the tail flick
test (see below).

D Vehicle 5 mL/kg
F R-DHE 0.1 pg/kg
E R-DHE 0.3 pg/kg
K R-DHE 0.5 pg/kg
| S-DHE 3 ugkg
H S-DHE 10 pg/kg
G S-DHE 30 ug/kg
J Fentanyl 0.5 pg/kg
C Fentanyl 2 ugkg
B Fentanyl 6 pg/kg
A Morphine 5 mg/kg

[0160] The vehicle was citrate buffer. The animals were dosed intravenously into a tail vein using a dose volume of 5 mL/kg and
a polypropylene syringe with a Becton Dickinson 25G (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.

Treatment blinding

[0161] Dosing solutions were encoded (A to K) so that the observer did not know the identity of the treatment groups.

Body weights
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[0162] Animals were weighed prior to testing and body weights recorded on the same day as the administration of substances.

Procedure

1. Acclimatisation

[0163] On one occasion prior to behavioural testing, each animal was subjected to routine handling and acclimatisation to the
behavioural testing environment.

2. Baseline behavioural testing

[0164] 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 tail flick test (see below) was performed on all rats on 3 separate occasions prior to dosing,
to establish baseline values. Pre-dose baseline values were taken as the final test reading (the data from the first and second
tests were not included but classed as part of the acclimatisation).

[0165] Tail flick test: Each rat was lightly held on the surface of the tail flick apparatus (Ugo Basile, ltaly), so that its tail was
positioned directly over the infrared source. The infrared source was then applied to a small area on the ventral surface of the
tail. Activation of the infrared source simultaneously activated a timer, which automatically registered the time taken to deflect
(withdraw or flick) the tail. The tail flick latency was noted for each animal. The infrared intensity was set at IR50 and the maximum
length of exposure to the IR source was 10 s. Non-responding animals were therefore allocated a withdrawal latency of 10 s.

3. Group allocation and exclusion criteria

[0166] Animals were randomly allocated to the treatment groups (A to K) on the day prior to dosing, based on the pre-dose
baseline values for the tail flick test.

4. Dosing and behavioural testing

[0167] The animals were not fasted for this study. Tail flick tests were performed approximately 5, 10, 20, 30, 60 and 120 min
post-dose (with respect to the start of dosing), to investigate treatment effect.

5. Terminations

[0168] Any animal not allocated to a treatment group was terminated by cervical dislocation at the end of the study. The
remaining animals were returned to stock on conclusion of the final testing period.

STATISTICAL ANALYSIS

[0169] Statistical comparisons were made between DHE (R- and S-isomers), morphine, fentanyl groups with the vehicle group
using parametric or non-parametric statistical procedures. The choice of parametric (one-way analysis of variance (ANOVA),
Dunnett's t-test) or non-parametric (Kruskal-Wallis statistic, Dunn's test and Mann-Whitney U-test) statistical procedures was
based on whether the groups to be compared satisfied the homogeneity of variance criterion (evaluated by the Levene Mean test
of F-test). Statistical significance was assumed when P <0.05.

[0170] In addition, the data were converted to % MPE (Maximum Possible Effect), defined as 100 x (test-control)/(cut-off-control)
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where ‘control' was the vehicle group observation, 'test' was the post-dose observation and 'cut-off' was the maximum duration of
the stimulus allowed (10 s for tail flick). Dose-response curves for each isomer of DHE (Rand S-isomers) and fentanyl were
generated for the first 4 observation time points and the EDsg (50% MPE dose) was calculataed. Analysis was performed on the
log10 (dose x 103), using a nonlinear regression (line of best fit), sigmoidal dose-response. As post-dose data had returned to
baseline at the 60 and 120 min time points, no calculations were required on these data.

RESULTS

[0171] The group mean * s.e. mean data for tail flick withdrawal latency are summarised in Table 15. The ED5g values
calculated for R-DHE, S-DHE and fentanyl were compared to estimate their relative potencies (Table 11). Time-course graph
plots are presented in Figure 11 to Figure 13 and ED5g (50% MPE dose) dose response curves and data are presented in Figure
14 to Figure 17.

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) post-dose
Treatment Pre- 5 10 20 30 60 120
dose

Vehicle 5mL/kgiv. {42+03] 52+06 50+0.2 51102 49104 56+04 §{ 51106
9)

DHE (R-isomer) 0.1 {42+0.3] 79+0.7* 6.1+06 6.3£09 47+04 {46105 4§48+03

Malkg i.v.

DHE (R-isomer) 0.3 {4.2+0.3] 9.2+0.5* 77+07% 76108 6.1+09 52+04 {46106

Mglkg i.v.

DHE (R-isomer) 0.5 {4.4+03] 94+0.6* {97+0.3%% §{ 88+05% | 82+0.8% {36+04*} 4806

pg/kg iv. @)

DHE (S-isomer) 3 42+03] 831038 70109 70+07 57105 58+06 § 49+04

pg/kg iv. ©)

DHE (S-isomer) 10 42+0.3] 9.7+0.3% § 9.3+0.3% 7308 58+05 {40+04*{39+04

Mglkg i.v.

DHE (S-isomer) 30 42+0.3{10.0£ 0.0} 9.2+0.8% { 9.1+06%85 | 8307 {4903 {3505

pg/kg iv. @)

Fentanyl 0.5 pyg/kgi.v.{4.2+0.3] 58+0.6 53106 52+06 46+04 (481044604
9)

Fentanyl 2 pglkg iv. {4.2+0.3] 9.0+0.7$% | 910488 § 7.5+09 71+07 {49+07 {42108

Fentanyl 6 pg/kg iv. {4.2+0.3]10.0+0.08$$] 84 +0.7%% | 8.1x0.7% 65+10 {6.0+10§{63+07

Morphine 5 uglkgi.v. {4.2 +0.3{10.0 + 0.0##{10.0 + 0.0###{ 10.0 + 0.0###10.0 + 0.0###{ 8.7 + 0.9%#{ 6.2+ 0.9
(8)

Vehicle was citrate buffer [citric acid monohydrate : sodium citrate : sodium chloride : water for irrigation in the ration

0.03:0.10:0.86:99.01 (g:g:g:mL)]

Data are expressed as mean = SEM.

N =10 animals per group, unless otherwise stated in parenthesis.

*P<0.05 and **P<0.01 when compared to vehicle (ANOVA) and Dunnett's t-test).

$P<0.05, $$P<0.01 and $$$P<0.001 when compared to vehicle (Kruskal-Wallis and Dunn's test).

#P<0.05 and ##P<0.001 when compared to vehicle (Mann-Whitney U-test).

Effects of Dihydroetorphine (R-DHE) on tail flick withdrawal latency (Figure 11)

[0172] Intravenous administration of R-DHE at a dose of 0.1 ug/kg caused a significant increase in the tail flick latency at 5 min
post-dose (7.9 + 0.7 s; P <0.05; ANOVA and Dunnett's t-test) when compared to vehicle group data (5.2 + 0.6 s). Intravenous
administration of R-DHE at 0.3 pg/kg caused a significant increase in the tail flick withdrawal latency at 5 and 10 min post-dose
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(9.2 £ 0.5 s; P <0.01; ANOVA and Dunnett's t-test; 7.7 + 0.7 s; P < 0.05; Kruskal-Wallis and Dunn's test, respectively) when
compared to vehicle group data (5.2 + 0.6 and 5.0 + 0.2 s, respectively) but had no effect at any other time points. Intravenous
administration of R-DHE at a dose of 0.5 pg/kg caused a significant increase in the tail flick withdrawal latency at 5, 10, 20 and 30
min post-dose (9.4 + 0.6 s; P <0.01 ;ANOVA and Dunnett's t-test; 9.7 + 0.3 s; P <0.001; 8.8 £ 0.5 s P <0.01; 8.2+ 0.8 s; P <0.05;
all Kruskal-Wallis and Dunn's test, respectively) when compared to vehicle group data (5.2 + 0.6, 5.0 £ 0.2, 51+ 0.2 and 4.9 +
0.4 s, respectively). A significant decrease observed in the tail flick latency at 60 min post-dose in the 0.5 ug/kg group is not
considered to be pharmacologically relevant. No effect was noted at 120 min post-dose. These data indicate an immediate
analgesic onset, with peak effects at approximately 5 and 10 min post-dose, returning to baseline values (comparable to the
vehicle control) by the 60 min post-dose time point.

[0173] The estimated ED5p of R-DHE, i.e. the 50% MPE, was 0.08, 0.23, 0.25 and 0.42 pg/kg at 5, 10, 20 and 30 min post-dose,

respectively. There was no dose response at the 60 and 120 min post-dose time points.

Effects of Dihydroetorphine (S-DHE) on tail flick withdrawal latency (Figure 12)

[0174] Intravenous administration of S-DHE at a dose of 3 pg/kg did not significantly affect tail flick withdrawal latency at any time
point tested when compared to vehicle group data. Intravenous administration of S-DHE at 10 pg/kg caused a significant increase
in the tail flick withdrawal latency at 5 and 10 min post-dose (9.7 + 0.3 and 9.3 + 0.3 s respectively; both P <0.01; Kruskal-Wallis
and Dunn's test) when compared to vehicle group data (5.2 + 0.6 and 5.0 + 0.2 s, respectively). A significant decrease observed
in the tail flick withdrawal latency at 60 min post-dose was not considered to be pharmacologically relevant. Intravenous
administration of S-DHE at a dose of 30 pg/kg caused a significant increase in the tail flick withdrawal latency at 5, 10, 20 and 30
min post-dose (10.0 + 0.0 s; P <0.001; 9.2 £ 0.8 s; P <0.01; 9.1 £ 0.6 s; P <0.001; Kruskal-Wallis and Dunn's test and 8.3 £ 0.7 s;
P <0.01; ANOVA and Dunnett's t-test; respectively) when compared to vehicle group data (5.2 +£0.6,5.0+0.2,51+0.2and 4.9
+ 0.4 s, respectively). These data indicate an immediate analgesic onset with peak effects at the 5 min post-dose time point,
returning to baseline values (comparable to the vehicle control) by the 60 min post-dose time point.

[0175] The estimated EDsg of DHE (S-isomer), i.e. the 50% MPE, was 2.17, 3.80, 7.52 and 20.95 ug/kg at 5, 10, 20 and 30 min

post-dose, respectively. There was no dose response at the 60 and 120 min post-dose time points.

Effects of fentanyl on tail flick withdrawal latency (Figure 13)

[0176] Intravenous administration of fentanyl at a dose of 0.5 pg/kg did not significantly affect tail flick withdrawal latency at any
time point tested when compared to vehicle group data. Intravenous administration of fentanyl at 2 ug/kg resulted in a significant
increase in the tail flick withdrawal latency at 5 and 10 min post-dose (9.0 £ 0.7 s; P <0.01 and 9.1 £ 0.4 s; P <0.001, respectively;
both Kruskal-Wallis and Dunn's test) when compared to vehicle group data (5.2 + 0.6 and 5.0 £ 0.2 s, respectively). Intravenous
administration of fentanyl at a dose of 6 pg/kg caused a significant increase in the tail flick withdrawal latency at 5, 10 and 20 min
post-dose (10.0 £ 0.0 s; P <0.001; 8.4 + 0.7 s; P <0.01; 8.1 £ 0.7 s; P <0.05, respectively; all Kruskal-Wallis and Dunn's test)
when compared to vehicle group data (5.2 + 0.6, 5.0 + 0.2 and 5.1 + 0.2 s, respectively). These data indicate an immediate
analgesic onset with peak effects at the 5 min time point, returning to baseline values (comparable to the vehicle control) by the
60 min post-dose time point.

[0177] The estimated EDsg of fentanyl, i.e. the 50% MPE, was 1.14, 1.25, 3.11 and 9.68 pg/kg at 5, 10, 20 and 30 min post-

dose, respectively. There was no dose response at 60 and 120 min post-dose time points.

Comparative effects of R-DHE, S-DHE and fentanyl

[0178] The EDsq values calculated for R-DHE, S-DHE and fentanyl were compared to estimate their relative potencies (Table

16). The data suggest that during the first 30 min, after a single intravenous administration of each compound in the male rat, R-
DHE had an analgesic potency that is 5- to 23-fold that for fentanyl, S-DHE had an analgesic potency of 0.3- to 0.5-fold that of
fentanyl, and that R-DHE has an analgesic potency that is 17- to 50-fold that for S-DHE.

Table 16: ED5gp values and comparative ratios of R-DHE, S-DHE and fentanyl
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Time Post- {EDgyR-DHE {ED5p S-DHE {EDgq fentanyl {ED5g ratio EDg ratio EDg ratio

dose (Min) {(ug/kg) (ug/kg) (ug/kg) fentanyl/ R-DHE {fentanyl/ S-DHE {fentanyl/ S-DHE/
R-DHE

5 0.08 217 1.14 14 0.5 28

10 0.23 3.80 1.24 5 0.3 17

20 0.25 752 3.1 12 0.4 30

30 0.42 20.95 9.68 23 0.5 50

Effects of morphine on tail flick withdrawal latency

[0179] Intravenous administration of morphine (5mg/kg) caused a significant increase in the tail flick withdrawal latency at 5, 10,
20, 30 (10.0 £ 0.0 s; P <0.001; Mann-Whitney U-test, for all 4 time points) and 60 min post-dose (8.7 + 0.9 s; P <0.05; Mann-
Whitney U-test) when compared 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).

CONCLUSION

[0180] A single intravenous administration of R-DHE at doses of 0.1, 0.3 and 0.5 pg/kg and S-DHE at doses of 10 and 30 pg/kg
caused a significant dose-dependent increase in the tail flick withdrawal latency of male rats up to 30 min post-dose. Intravenous
administration of fentanyl at doses of 2 and 6 pg/kg caused a significant dose-dependent increase in tail flick withdrawal latency
up to 30 min post-dose.

[0181] The EDsg values calculated for R-DHE, S-DHE and fentanyl were compared to estimate their relative potencies (Table
16). The data suggest that during the first 30 min after a single intravenous administration of each compound in the male rat that;
R-DHE had an analgesic potency that is 5- to 23-fold that for fentanyl, S-DHE had an analgesic potency of 0.3- to 0.5-fold that of
fentanyl, and that R-DHE has an analgesic potency that is 17- to 50-fold that for S-DHE.

[0182] The duration of opioid analgesic activity of R-DHE and S-DHE following intravenous administration highlights the potential
benefit and therapeutic potential of these compounds in the treatment of acute pain.

[0183] The effects noted following administration of morphine are consistent with its known pharmacological activity and thus this
test system was sensitive to detect nociceptive effects.

Effects of (R) and (S)-Dihydroetorphine in the Spinal Nerve Ligation Model of Neuropathic Pain

[0184] The test model used is well known in the art and is described in Pain 1992; 50: 355-363 (Kim SH, Chung JM., An
experimental model for peripheral neuropathy produced by segmental spinal nerve ligation in the rat).

[0185] The potential analgesic effects of dihydroetorphine following a single intravenous dose of 0.1, 0.3 and 0.5 pg/kg (R
isomer) and a single intravenous dose of 3, 10 and 30 pg/kg (S-isomer) in the spinal nerve ligation model of neuropathic pain was
investigated. 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). Morphine was used as a reference substance and Pregabalin was
used as a comparator substance.

TEST SUBSTANCES AND MATERIALS

Test substances, reference substance, comparator substance and vehicles
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[0186]
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;

Sigma, UK), sodium citrate (Sigma, UK), sodium chloride (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; 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)

Test, reference and comparator substance storage

[0187] 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

[0188] 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.

[0189] The route of administration of morphine was intravenous. The dose of morphine was 5 mg/kg.

[0190] 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, Pregabalin, were 30, 50 and 100 mg/kg.

ANIMALS

[0191]
Species: Rat
Strain: Sprague-Dawley
Sex: Male

Number of animals: {75 animals were surgically prepared.

Age range: 6 to 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 to 257 g (dosing Phase 1); 210 to 284 g (dosing Phase 2); 243
to 341 g (dosing Phase 3).

Acclimatisation: 3 days after delivery, before commencing the behavioural testing

Source: Harlan UK Ltd

Animal identification and randomisation

[0192] Each animal was arbitrarily allocated a unique identification number which appeared on the data sheets and cage cards.
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Animals were identified by a waterproof tail mark.

Animal health and welfare

[0193] All studies were conducted in accordance with the legislation under the Animals (Scientific Procedures) Act 1986, 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

[0194] Animals were housed in groups of up to 5 in sawdust filled solid-bottom cages. During the acclimatisation, the rooms and
cages were cleaned at regular intervals to maintain 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 relative humidity measured. During the acclimatisation period room temperature
was maintained (range 20 °C to 22 °C) and humidity levels 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

[0195] An expanded rodent diet of RM1(E) SQC (Special Diets Services, Witham, UK) and mains tap water were offered ad
libitum. Each batch of diet was delivered with an accompanying certificate of analysis (C of A) 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 diet manufacturer and water analytical service, respectively.

Health status

[0196] The animals were examined on arrival and prior to the study; all animals were healthy and considered suitable for
experimental use.

EXPERIMENTAL DESIGN

Formulation of the test, reference and comparator substances

[0197] The citrate buffer was prepared by accurately weighing the appropriate quantities of each component and dissolving them
in sterile water for injection. When the components were fully dissolved the osmolality 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 mOsmol/kg
between the range of 280 to 300 mOsmol/kg. The vehicle was then terminally filtered through a Millex GV stericup (0.22 pm filter)
under aseptic conditions and stored at 2 °C to 8 °C prior to use.

[0198] 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 0.6, 2 and 6 pg/mL for the S-isomer) for dosing were
achieved by serial dilution of the appropriate stock solutions which were provided at an approximate concentration of 20 pg/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 with the sterile citrate buffer
was performed by sterile manipulation. No correction 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-isomers) were stored refrigerated, at approximately 4 °C, until they were required for dosing.
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[0199] 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 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.

[0200] 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, 5 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

[0201] There were 5 treatment groups, with a maximum of 10 rats per group. Each treatment group was given a letter (Phase 1:
Ato E, Phase 2: F to J and Phase 3: K to O). The rats were randomly allocated to treatment groups on the day prior to dosing
based on the pre dose baseline values for the thermal hyperalgesia test (see below).

Phase 1:

C Vehicle 5 mL/kg, i.v.

B R-DHE 0.1 pg/kg, i.v.
A R-DHE 0.3 pg/kg, i.v.

E R-DHE 0.5 pg/kg, i.v.
D Morphine 5 mg/kg, i.v.
Phase 2:

| Vehicle 5 mL/kg, i.v.
F S-DHE 3 uglkg, i.v.
G S-DHE 10 pg/kg, i.v.
J S-DHE 30 pg/kg, i.v.
H Pregabalin 30 mg/kg, p.o.
Phase 3:

N Vehicle 10 mL/kg, p.o.
M Pregabalin 30 mg/kg, p.o.
L Pregabalin 50 mg/kg, p.o.
K Pregabalin 100 mg/kg, p.o.
0] Morphine 5 mg/kg, i.v.

[0202] 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 treatment groups were dosed into a tail vein using a dose volume of 5 mL/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 treatment groups were dosed by oral gavage, using a dose volume of 10 mL/kg. The time of
dosing was recorded in the raw data.

Treatment blinding

[0203] Dosing solutions were encoded (Phase 1: Ato E, Phase 2: F to J and Phase 3: K to O) so that the observers were not
aware of the identity of the treatment groups. As the comparator substance in Phase 2 of the study was administered by a
different 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.

Body weights
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[0204] Animals were weighed prior to surgery, on Day 1 post-operatively (PO), and on each day of dosing prior to administration
of substances, and body weights were recorded.

Daily observations

[0205] 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.

Procedure

1 Acclimatisation

[0206] Prior to behavioural testing, the animals were subjected to routine handling and acclimatisation to the behavioural testing
environment.

2 Baseline behavioural testing

[0207] 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, to 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 part of the acclimatisation). The sequence of tests was mechanical
allodynia followed by thermal hyperalgesia, with a minimum 5 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), 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 lowest force of two or more consecutive Von Frey filaments to elicit a
reflex withdrawal response (i.e. a brief paw flick).

[0208] Thermal hyperalgesia (Hargreaves Plantar test): Each rat was placed in a clear plastic chamber with a glass floor and
allowed 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 from below, and the withdrawal latency
calculated for both the left and right hind paws. The infrared intensity was set at IR50 (setting designed to deliver a heat flux

reading of 250 mW cm3) 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

[0209] The animals were surgically prepared over 3 days. Each rat was anaesthetised as necessary with isofluorane in 1 % to 3
% oxygen. Each rat was placed in a prone position and the surface around the incision site was shaved and sterilised with
surgical spirit. Under aseptic conditions, the left paraspinal muscles were separated from the spinous processes at L4 S2 levels.
The L6 transverse 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
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[0210] Following 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

[0211] 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

[0212] 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 study.

[0213] In Phases 1 arid 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. All time points were with respect to the start of dosing.

[0214] In Phase 3 of the study, 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

[0215] All study animals were terminated by cervical dislocation following conclusion of the final testing period.

STATISTICAL ANALYSIS

[0216] Statistical comparisons were made between treatment groups using parametric (e.g. one way analysis of variance,
Dunnett's t-test, Student's t-test) 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-test. For
all tests, 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 illustration
purposes. Full details of the analysis are given in the raw data.

RESULTS
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[0217] The group mean * s.e. mean data for withdrawal thresholds and withdrawal latency are summarised in Table 17 to Table
22.

Development of neuropathic pain states

[0218] 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 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.

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

[0219] Mechanical allodynia: In Phase 1, intravenous administration of R-DHE at 0.1 and 0.3 pg/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, 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).

[0220] 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-dose (14.5 £ 0.7 s; P < 0.05; ANOVA and Dunnett's t-test) when
compared to vehicle values (10.3 £ 0.9 s); however, this is physiologically irrelevant as the withdrawal threshold 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)

[0221] Mechanical allodynia: In Phase 2, intravenous administration of S-DHE at 3 and 10 pg/kg did not produce any significant
changes in left or right paw withdrawal thresholds 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 values of 6.11 + 2.39 g, and also at approximately 25 min post-dose
(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).

[0222] 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 of 30 pg/kg, however, did produce a significant increase in the paw withdrawal latencies at approximately 15 min post-
dose in both left (17.6 £ 0.4 s; P < 0.01; 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 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)

[0223] In Phase 1, the morphine reference was compared to vehicle as both were administered orally. In Phase 3, the morphine
reference was compared to pre-dose as it was not be relevant to compare this to an oral vehicle).

[0224] 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)
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and approximately 50 min post-dose (21.55 + 2.40 g; P < 0.001; unpaired 2-tailed Student's t test) when compared to vehicle
values of 2.25 + 0.75 and 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). No
other significant effects were noted in the right hind paw.

[0225] 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 < 0.001; paired 2 tailed Student's t-test), 120 min (11.08 + 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 2-tailed Student's t test) compared
to pre-dose values 1.46 + 0.37 g (Table 21, Figure 22).

[0226] 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 s; P < 0.05; Mann-Whitney U-test), (right; 17.5 £ 0.5 s; P < 0.001;
Mann-Whitney U-test), at 35 min post-dose (left; 16.4 + 0.9 s; 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 s; P < 0.01;
unpaired 2 tailed Student's t-test), (right; 16.3 £ 1.1 s; P < 0.05; unpaired 2-tailed Student's t-test) and approximately 130 min
post-dose in the left paw (10.6 £ 0.9 s; P < 0.05; unpaired 2-tailed Student's t-test) when compared to vehicle values (7.5 £ 0.5,
128+11,70+£1.2,103+0.9,76+0.9,124 £ 1.4 and 7.4 + 0.9 s, respectively) (Table 18, Figure 19).

[0227] In Phase 3 of the study, intravenous 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 s; P < 0.05; paired 2-tailed Student's t-test) and approximately 250 min post-dose (10.6 + 1.4 s; P < 0.05; paired
2-tailed Student's t-test) when compared to pre-dose values of 6.0 + 0.5 s (Table 22, Figure 23).

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

[0228] 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.

[0229] 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 t-test) when compared to pre dose values
of 1.09 £ 0.35 g. (Table 19, Figure 20).

[0230] 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 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 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
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: 19.77 £ 2.70 g;
P < 0.01; ANOVA and Dunnett's test and right paw: 23.70 £ 1.04 g; P < 0.01; Kruskal-Wallis and Dunn's test) when compared to
vehicle values of 2.57 + 0.92 and 16.57 + 1.75 g, respectively, and at approximately 240 min post-dose in the left 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 animals displaying a dose-dependant increase in
the level of sedative clinical symptoms. (Table 21, Figure 22).

[0231] 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 £+ 0.7 s P < 0.05;86+1.0sP <0.05;88+1.0s
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P <0.05;9.6 £ 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+08sP<0.01;81+05sP<0.0593+0.7sP<0.001;9.8+ 1.0 s P <0.01; all paired 2-tailed Student's t-test) when
compared to the pre dose value of 6.2 + 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 21 and Table 22, Figure
23).

CONCLUSION

[0232] 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. 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.

[0233] Intravenous administration of R-DHE at 0.5 ug/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 pg/kg of R-DHE.

[0234] 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
hyperalgesia), with peak effect at approximately 15 min post dose. No effects on mechanical allodynia or thermal hyperalgesia
were noted at 3 and 10 pg/kg of S-DHE.

[0235] Intravenous administration of the opioid 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.

[0236] 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 mechanical allodynia, but a limited effect on thermal
hyperalgesia.

[0237] 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 in the rat.

Table 17:Effects of intravenous R-DHE on the left (L) and right (R) paw withdrawal thresholds to Von Frey monofilament

challenges in rats
(Phase 1)(a) Raw Data

Withdrawal Threshold (g) at Time (min) Post-Dose

Phase 1
Pre-Dose
5 25 50 120
Treatment L R L R L R L R L R
Vehiclet 5mLikg, | 095+ | 2206+ | 543+ | 2226+ ] 225+ 2325+ {211+ {2226+ j0'°293 2325+
iv. 0,00 (9)] 1.52(9) | 258 (9) | 1:52(9) |0.75 9)] 1.16.(9) {082 (9)] 152(9) | *(e° {1.16.(9)

Dihydroetorphine; 1.37+ § 21.07+{ 535+ {2330+ }{6.55+ {19.81+§ 1.35 1811 {107+ {1805+
(R) 0.1 pg/kg, i.v. { 0.31 1.99 0.79 1.00 3.04 197 {032 § +252 § 0.16 1.94

Dihydroetorphine{ 127+ { 1745+ { 1113+ { 2220+ { 241+ {2237+ {114+ { 1855 {095+ {1825+
(R) 0.3 pg/kg, i.v. { 0.33 201 3.54 1.30 0.59 1.36 0.31 +2.25 0.10 1.54
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(Phase 1)(a) Raw Data

Withdrawal Threshold (g) at Time (min) Post-Dose
Phase 1
5 25 50 120
Treatment L R L R L R L R L R

Dihydroetorphine{ 1.05+ { 16.32+ | 21.97 + { 24.36+ {13.12+{24.36+ { 6,17+ } 2184+ { 1.80% { 2041+
(R) 0.5 pg/kg, i.v. { 0.18 1.99 2.30 0.34 341 0.34 233 1.77 0.88 1.63

Morphine 5 169+ {1637+ { 13.38+{ 2350+ {19.23+§ 23.50+ {21.55+} 2456 | 937+ 23.46
mg/kg, i.v. 0.53 220 3.14 1.02 273 1.02 240 §{ 033 | 360 | +1.06

Data are expressed as Mean = SEM.

n =10 animals per group, unless stated in parenthesis.

Statistical analysis only performed on log data.

T Vehicle = citrate buffer (citric acid monohydrate:sodium citrate:sodium chloride:water for injection, in the ratio,
0.03:0.10:0.86:99.01 (g:g:g:mL).

Pre-Dose

(b) Log Data
Withdrawal Threshold (Log 10 (force (g) x 10 000)) at Time (min) Post-Dose
Phase 1
Pre-Dose
5 25 50 120
Treatment L R L R L R L R L R

Vehiclet 5mL/kg, | 396+ | 534+ 04'1‘283 534+ 1421+ 536+ {412+ ] 534+ | 396+ 536+
iv. 0.04 (9)} 0.03(9)§ $( )10.03(9) 10.12 (9)1 0.03 (9) 10.14 (9)} 0.03 (9) 10.08 (9)} 0.03 (9)

Dihydroetorphine{ 406+ { 530+ { 455+ { 536+ { 442+ }{ 527+ {405t} 521+ {399+ 523+
(R) 0.1 pg/kg, i.v. { 0.08 0.05 0.10 0.02 0.19 0.05 0.08 0.07 0.06 0.05

Dihydroetorphine{ 4.01 521+ 4.71 5.34 426 § 534+ {397+ 523+ {395+ 525+
(R) 0.3 pg/kg, i.v. { £0.09 { 0.05 +0.20 { +0.03 { £0.10 { 0.03 0.08 0.06 0.05 0.04

Dihydroetorphine{ 396 { 518+ | 526+ | 539+ {489+ }{ 539+ {450+ { 532+ {403+{ 530+
(R)0.5pgkg, iv. | £0.07 | 005 {10.12%}{ 001 {017%}{ 001 } 017 { 005 { 012 | 0.03

Morphine 5 408+ § 517+ § 493+ { 537 {520} 537+ {9526+ { 539+ {449+{ 536+

mg/kg, i.v. 0.11 0.06 0.16 +0.02 {0.11 0.02 j0.11 0.00 0.23 0.02

Data are expressed as Mean + SEM. n= 10 animals per group, unless stated in parenthesis.

T Vehicle = citrate buffer (citric acid monohydrate:sodium citrate:sodium chloride:water for injection, in the ratio,
0.03:0.10:0.86:99.01 (g:g:g:mL).

*P < 0.05 when compared to vehicle group data (unpaired 2-tailed Student's t-test).

P <0.001 when compared to vehicle group data (unpaired 2-tailed Student's t-test).

##P < 0.01 when compared to vehicle group data (Kruskal-Wallis and Dunn's test).

1P < 0.05 when compared to vehicle group data (ANOVA and Dunnett's t-test).

$P <0.05 when compared to pre-dose data (paired 2-tailed Student's t-test).

Table 18: Effects of intravenous R-DHE on the left (L) and right (R) paw withdrawal latency to a thermal plantar stimulus in rats

(Phase 1)

Withdrawal Latency (s) at Time (min) Post-Dose

Phase 1
Pre-Dose
15 35 60 130

Treatment L R L R L R L R L R
Vehiclet 5mlL/kg, { 64+ }{ 139+ { 75+ 128+ § 70+ §{ 103+ § 76+ § 124+ }{ 74+ § 141+
iv. 05(9)f 1.2(9) §05(9)§ 1.1(9) §12(9){ 09(9) §09(9)§ 14(9) i09(9)}{ 1.3(9)
Dihydroetorphine { 64+ }{ 135+ { 69+ | 132+ | 74+ { 126+ | 7.7+ { 129+ { 81+ | 143

(R) 0.1 ug/kg, i.v. 0.5 1.0 1.0 1.0 0.5 1.1 1.0 1.2 0.6 038
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Withdrawal Latency (s) at Time (min) Post-Dose
Phase 1
15 35 60 130
Treatment L R L R L R L R L R

Dihydroetorphine { 6.3+ { 143+ | 94+ { 151+ { 99+ | 145+ { 83+ { 146 | 7.7t | 142+
(R)0.3ug/kg,iv. | 06 | 06 0.8 0.9 1.1 07t { 08 | +09 | 08 0.9

Dihydroetorphine { 64+ { 141+ | 96+ | 159+ | 92+ { 131+ { 84+ | 133+ | 80+ | 109z
(R) 0.5 ug/kg, i.v. 04 0.9 1.2 1.2 1.2 1.2 06 1.2 1.1 1.0

Morphine 5mg/kg, { 64+ { 154+ | 120+ }{ 175+ {164+ }{ 168+ {128+ { 163+ | 106 | 13.8+
iv. 0.4 1.0 15% { 05%8 { 009 0.7 1.3 1.1 +0.9 1.1

Pre-Dose

Data are expressed as Mean = SEM.

n = 10 animals per group, unless stated in parenthesis. T Vehicle = citrate buffer (citric acid monohydrate:sodium
citrate:sodium chloride:water for injection, in the ratio, 0.03:0.10:0.86:99.01 (g:g:g:mL).

$ P < 0.05 when compared to vehicle group data (Mann-Whitney U-test).

$$% P < 0.001 when compared to vehicle group data (Mann-Whitney U-test).

*P < 0.05 when compared to vehicle group data (unpaired 2-tailed Student's t-test).
P < 0.01 when compared to vehicle group data (unpaired 2-tailed Student's t-test).
P < 0.001 when compared to vehicle group data (unpaired 2-tailed Student's t-test).
1P < 0.05 when compared to vehicle group data (ANOVA and Dunnett's t-test).

Table 19:Effects of intravenous S-DHE on the left (L) and right (R) paw withdrawal thresholds to Von Frey monofilament

challenges in rats (Phase
2)(a) Raw Data

Withdrawal Threshold (g) at Time (min) Post-Dose

Phase 2
Pre-Dose
5 25 50 120
Treatment L R L R L R L R L R
Vehiclet 5 mL/kg, 1'37 21.03+} 6.11+ 12346} 166+ §2167+{ 111+ §2094+§1.35+{19.55+
iv. 051 1.84 2.39 1.06 0.47 1.61 0.15 1.90 0.28 1.69

Dihydroetorphine { 0.94 {1727+ 869+ § 21.10 8.28 1915 § 099+ {2127 +§ 1.19 {19.84+
(S) 3 pg’kg, i.v. 011} 212 298 146 § 248 | +1.55 0.12 153 {020} 1.94

11942004+] 1215+ {2346+] 300 [2257+{ 148+ {2346+ 083 |21.
0511 190 | 299 {106 | #135 | 139 | 042 | 1.06 {2010} 1
Dihydroetorphine | 0.84 | 1878+ 2456+ 12456 +] 21.02+ | 2456 | 7.34+ 12367 +]1.20+ 2083+
(S)30 uglkg, iv. |+0101 189 | 033 | 033 | 170 |033| 247 | 107 | 034 | 199

Dihydroetorphine
(S) 10 pg/kg, i.v.

Pregabalin 30 1-29 1063+] 283+ | 2042 | 327+ i1939+! 1035 | 2134 {1390 {2326+
mg/kg, p.o. 055l 221 | 062 {2141 097 | 161 | 251 | %149 {+300{ 104

Data are expressed as Mean = SEM.

n =10 animals per group.

Statistical analysis only performed on log data.

T Vehicle= citrate buffer (citric acid monohydrate : sodium citrate : sodium chloride : water for injection, in the ratio,
0.03:0.10:0.86:99.01 (g:g:g:mL).

(b) Log Data
Withdrawal Threshold (Log 10 (force (g) x 10 000)) at Time (min) Post-Dose
Phase 2
Pre-Dose
5 25 50 120
Treatment L{ R L | R L | R L | R L | R
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(b) Log Data

Withdrawal Threshold (Log 10 (force (g) x 10 000)) at Time (min) Post-Dose

Phase 2
Pre-Dose
5 25 50 120
VehicleT 5 ml/kg, {4.07 { 530+ 4.50 5.36 411 + 5.32 401+ {530+ {4.08+} 528+
iv. +0.07; 0.05 +0.16 $ | +0.02 0.10 +0.04 0.06 0.05 0.06 0.04

Dihydroetorphine { 395§ 520+ i 460+ § 531+ 4.69 527+ 396+ {532+ (402+§ 527+
(S) 3 pglkg, i.v. {+0.05}{ 0.06 0.20 0.03 +0.17 0.04 0.06 0.03 § 007 §{ 0.05

Dihydroetorphine {3991 530+ | 490+ {536+| 426+ |534x| 405 |536+]{380:]{532¢
(5)10ughkg,iv. | 5.1 005 | 016 | 002 | 013 | 003 | 010 | 002 | 005 | 003
Dihydroetorphine {3901 525+ { 539+ 1530x| 532+ {530+ | 460+ | 537+ {307+ 520
(S)30pgkg,iv. | % | 005 {000 000 {004 | 000 | 017 | 002 | 009 | 005
Pregabalin 30 13921524+ | 431+ {528+ 435+ | 527 | 487+ | 532 50013 Fl5361
mglkg, p.o. 5ol 006 | 013 | 006 | 013 }=x004 014+ {003 { %l | 002

Data are expressed as Mean = SEM.

n =10 animals per group.

T Vehicle = citrate buffer (citric acid monohydrate : sodium citrate : sodium chloride : water for injection, in the ratio,
0.03:0.10:0.86:99.01 (g:g:g:mL).

P <0.001 when compared to pre-dose data (paired 2-tailed Student's t-test).

#H# P < 0.001 when compared to vehicle group data (Kruskal-Wallis and Dunn's test).

$P < 0.05 when compared to pre-dose data (paired 2-tailed Student's t-test).

Table 20: Effects of intravenous S-DHE on the left (L) and right (R) paw withdrawal latency to a thermal plantar stimulus in rats

(Phase 2)

Withdrawal Latency (s) at Time (min) Post-Dose
Phase 2
Pre-Dose
15 35 60 130
Treatment L R L R L R L R L R

ot ] 6.2 148+ 4§ 103+ {134+} 81 11.7 9.3 121 98+ 13.1

VehicleT 5Smlkg, V-1 105 | 06 | 088% | 0.8 | 05 | 075 | +0.7%% | +06% | 10% | +10
Dihydroetorphine (S)] 6.2+ {126+ 150+£§{100+§ 121+ 135 {104+ {143+

3 pglkg, i.v. 06 | 07 {98*08 6771 07 | 09 {91%09) w08 | 13 | o038
Dihydroetorphine (S)] 6.2 {138+ 104+ {143+{108+}{ 125+ 113+11 127+ {11312 {130

10 pg/kg, i.v. +0.6 0.8 1.3 0.9 1.1 0.9 T 0.6 1.6 0.8
Dihydroetorphine ()] 6.2+ {135+ 176+ §175+:101+] 118+ 834101 143+ 1 87+ 1142+

30 pg/kg, i.v. 05 | 09 | 04 {p4™] 14 1.1 R 1.1 0.9 1.3
Pregabalin 30 mg/kg,} 62+ {134+ 83+07]134%186x{ 119 150 g1 129 | 96+ | 134+

p.o. 0.5 0.9 0.6 1.0 +0.8 +0.6 0.8 0.9

Data are expressed as Mean = SEM.

n =10 animals per group.

T Vehicle = citrate buffer (citric acid monohydrate : sodium citrate : sodium chloride : water for injection, in the ratio,
0.03:0.10:0.86:99:01 (g:g:g:mL).

#P < 0.01 when compared to vehicle group data (Kruskal-Wallis and Dunn's test).

*P < 0.05 when compared to pre-dose data (paired 2-tailed Student's t-test).

P <0.001 when compared to pre-dose data (paired 2-tailed Student's t-test).

$P <0.05,$ P <0.01 and $$$ P < 0.001 when compared to pre-dose data (paired 2-tailed Student's t-test).

Table 21 Effects of oral Pregabalin and intravenous morphine on the left (L) and right (R) paw withdrawal thresholds to Von Frey
monofilament challenges in neuropathic rats
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(Phase 3) (a) Raw Data

Withdrawal Threshold (g) at Time (min) Post-Dose

Phase 3
Pre-Dose
60 120 180 240

Treatment L R L R L R L R L R
Vehiclet10 | 1.87 12253+{ 495+ {2030+ ] 500+ | 1836+ ] 257+ | 1657+ 148+ | 2054 +
mllkg, po. | +038 | 197 | 095 | 199 | 234 | 234 | 092 | 175 | 030 | 193
Pregabali
3?3:9; S;" 250+ {2325+ | 1053+ | 2326+ | 17.06+ | 2302+ { 13.86+ | 22.74+ | 802+ | 2399+

Do P 1063 | 141 | 325 | 104 | 288 | 101 | 321 | 097 | 265 | 038
';:oeﬂfg";ﬁ;" 202+ 12061+ | 1848+ { 2257+ | 13.60+ | 2167+ { 1520+ | 2420+ | 1205+} 22.74 +

Do @ 1035 | 200 | 327 | 130 | 368 | 161 | 331 | 039 | 341 | 097
f;ggrzbfk"“ 131+ {2167+ 1553+ | 2224+ § 2320+ | 2428+ | 19.77+ | 2370+ {1591+ 2318+

pg’ 9 018 | 193 | 278 | 182 | 119 | 037 | 270 | 104 | 286 | 1.00
Morphine 5 { 146+ {2126+ | 2132+ fg'gi 1108+ 12004+ ] 368+ | 1957+ 120+ | 18.71
mgkg,iv. |0.37(9)|211(9)} 256(9) | “i>* 1285(9) | 181(0) | 0.97 (9) | 1.75(2) {0.20(9) {181 (9)

Data are expressed as Mean = SEM.
n =10 animals per group, unless stated in parenthesis.
Statistical analysis only performed on log data.

TVehicle = 1% carboxymethylcellulose.
(b) Log Data

Withdrawal Threshold (Log 10 (force (g) x 10 000)) at Time (min) Post-Dose

Phase 3
Pre-Dose
60 120 180 240
Treatment L R L R L R L R L R
VehicleT10 | 420+ | 533+ | 457+ | 528+ | 443+ | 522+ | 423+ | 520+ | 411+ | 529+
mL/kg, p.o. | 0.08 005 { 013% { 005 0.15 0.07 0.12 0.05 0.07 0.05
';roeﬂf'j:"" 420+ | 535+ | 470+ | 536+ | 51+ | 536+ | 405+ | 535+ | 468+ | 538+
pg 9 { 011 { 003 | 020 | 002 jo11# | 002 {016* { 002 | 016 | 001
) 532+
P;:gft;i"" 425 | 520+ | 510+ | 534+ | 485+ | 004 | 500+ | 538+ | 483+ 535+
g 9 | 4007 { 005 { 016 | 003 { 019 | 532 | 015 | 001%* 1 018% 1 002
p.o. +0.04
f;ggrﬁbfkl'" 407+ | 531+ | 508+ | 533 | 536+ | 538+ | 523+ | 537 {511%] 536+
o 3 9 { 006 | 005 | 012 | +0.05 { 003* | 001 | 009* {+002* {0.10%## 002
Morphine 5 | 408+ | 530+ | >22% > 489 1520+ | #1508 407+ 526+
mglkg, iv. |0.09 (9){0.05(9) 0-1(59) s io.(194; 0.04 (9) 0-(191) 0.04 (9) {0.07 (9)} 0.04 (9)

Data are expressed as Mean = SEM.
n =10 animals per group, unless stated in parenthesis.
T Vehicle = 1% carboxymethyicellulose.

+P <0.05, ++ P <0.01 and +++ P < 0.001 when compared to pre-dose data (paired 2-tailed Student's t-test).
#P <0.05,# P <0.01 and ##P < 0.001 when compared to vehicle group data (Kruskal-Wallis and Dunn's test).
P <0.01 when compared to vehicle group data (ANOVA and Dunnett's test).

$$ P < 0.01 when compared to pre-dose data (paired 2-tailed Student's t-test).

Table 22 Effects of oral Pregabalin and intravenous morphine on the left (L) and right (R) paw withdrawal latency to a thermal
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plantar stimulus in neuropathic rats (Phase 3)

Withdrawal Latency (s) at Time (min) Post-Dose
Phase 3
Pre-Dose
70 130 190 250

Treatment L R L R L R L R L R
VehicleT 10 6.5+ { 124+ 122+ 107+ § 93+ {122+ 4§ 95 | 114+

mUkg,po. | 05 | 08 (22*100 g5 1902104 9771 42 | 10 {08% | 06
Pregabalin30 { 6.5 131+ 134+ 137+ { 83+ {122+ { 109+ §{ 140z

mgkg,po. | 05 | 06 (00FE08{ o [ 93081 yog 1 17 04 { 08 | 08
Pregabalin 50 6.5 114+ { 106+ § 129+ 97411 136+ § 112+ § 127+ § 90+ §{ 119+

mg/kg, p.o. +0.6 0.8 0.6 0.9 T 1.1 1.1 0.5 0.7 0.7
Pregabalin 100} 66+ §{ 116+ { 115+ | 126+ 99+09 134+ { 76+ {137+ 4§ 97+ | 137

mg/kg, p.o. 0.7 0.5 0.8 0.9 DR 1.3 0.5 0.7 0.8 11
Morphine 5 60+ §{ 118+ 118 + 140+ §{ 73+09 { 131+ { 80+ 143+ | 106+ § 141+
mg/kg,iv. {05(9){ 0.6(9) {1.2*(9)} 1.2(9) ©) 1.0(9).{0.8*(9)] 1.0(9) {1.4*(9){ 0.9(9)

Data are expressed as Mean = SEM.

n =10 animals per group, unless stated in parenthesis

T Vehicle = 1 % carboxymethylicellulose.

+P <0.05 and ++ P < 0.01 when compared to pre-dose data (paired 2-tailed Student's t-test).

$$ P < 0.01 when compared to pre-dose data (paired 2-tailed Student's t-test
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-1-
DIHYDROETORPHINER OG FREMSTILLING HERAF
PATENTKRAV

1. Fremgangsmade til fremstilling af en forbindelse med formlen (VI), eller et salt deraf,

(V1)

5 hvor R' og R” uafhangigt er ligekadet Cs-alkyl og * reprasenterer et (S) stereocenter, hvilken

fremgangsmade omfatter omsatning af en forbindelse med formlen (IV)

hvor R! er som heri for defineret,

med en forbindelse med formlen RZM(X)p, hvor R* er ligekaedet Cg-alkyl, M er metal, X er
10 halogenid og p er 1 eller O til fremstilling af en forbindelse med formlen (V)

OMe )
hvor R', R* og * er som heri for defineret,
og hydrolysering af forbindelsen med formlen (V) for at give en forbindelse med formlen (VI).

2. Fremgangsmade ifelge krav 1, hvor forbindelsen med formlen (IV) fremstilles ved reducering af
15  en forbindelse med formlen (III)

OMe (Iin

hvor R! er som heri for defineret.
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2-
3. Fremgangsmade ifelge krav 2, hvor forbindelsen med formlen (III) fremstilles ved omsatning af

en forbindelse med formlen (I)

OMe (1

med en forbindelse med formlen (II)

R1
(n
5 hvor R er ligekzedet C_g-alkyl.
4. Fremgangsmade ifelge krav 1, hvilken fremgangsméde omfatter:

oms&tning af en forbindelse med formlen (I)

OMe (N

med en forbindelse med formlen (II)
H‘

(I
10 hvor R' er ligekaedet C,s-alkyl, for at give en forbindelse med formlen (III)

O
. mlll\<
R

N
H OMe

OMe (il

hvor R! er som heri for defineret,

reducering af forbindelsen med formlen (IIT) for at fremstille en forbindelse med formlen (IV)
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OMe (v)
hvor R! er som heri for defineret,

omsatning af forbindelsen med formlen (IV) med en forbindelse med formlen R2M(X)p, hvor R?

er ligekaedet C) g-alkyl, M er metal, X er halogenid, og p er 1 eller 0, for at give en forbindelse med formlen

)

5.
6.
7.

OMe V)
hvor Rl, R? og * er som heri for defineret,
og hydrolysering af forbindelsen med formlen (V) for at give en forbindelse med formlen (VI).
Fremgangsmade ifelge et hvilket som helst af kravene 1 til 4, hvor M er magnesium eller lithium.
Fremgangsmade ifolge krav 5, hvor RZM(X)p er R”MgCl, R*MgBr, R*Mgl eller R’Li.

Fremgangsmade ifalge et hvilket som helst af kravene 1 til 6, der endvidere omfatter trinnet med

krystallisering af forbindelsen med formlen (VI).

8.
9.

10.
11.
12.

Fremgangsmade ifelge et hvilket som helst af kravene 1 til 7, hvor Rler Cs5-alkyl.
Fremgangsmade ifelge et hvilket som helst af kravene 1 til 8, hvor R' er n-propyl.
Fremgangsmade ifolge et hvilket som helst af kravene 1 til 9, hvor R* er C,,-alkyl.
Fremgangsmade ifelge et hvilket som helst af kravene 1 til 10, hvor R* er methyl.

Fremgangsmade ifalge et hvilket som helst af kravene 1 til 11, hvor forbindelsen med formlen (V)

er fremstillet 1 et diasterecomeroverskud pa mindst 90 %.

13.

cr.

Fremgangsmade ifelge et hvilket som helst af kravene 1 til 12, hvor forbindelsen med formlen (V)

—

aewll

)

OMe (V-a)..



14.

cr.

15.

16.

17.
18.
10 19.

20.
til 19.

21.
22.
15 23
24.
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A4-

Fremgangsmade ifolge et hvilket som helst af kravene 1 til 13, hvor forbindelsen med formlen (VI)

(Vi-a).

(V1)
hvor R! og R* uafhengigt er ligekadet C,s-alkyl og * reprasenterer et (S) stereocenter.

Forbindelse ifalge krav 15 med formlen (VIa), eller et salt deraf,

)

OH (Vla).
Forbindelse ifolge krav 15 eller krav 16 1 fri baseform.
Forbindelse ifalge krav 15 eller krav 16 som et farmaceutisk acceptabelt salt.
Forbindelse ifolge krav 18 som en saltsyre.

Farmaceutisk sammensatning, der omfatter en forbindelse ifalge et hvilket som helst af kravene 15

Sammensatning ifelge krav 20 i en doseringsform, der er egnet til transdermal administration.
Forbindelse ifolge et hvilket som helst af kravene 15 til 19 til anvendelse 1 medicin.
Forbindelse ifolge et hvilket som helst af kravene 15 til 19 til anvendelse som en analgetikum.

Anvendelse af en forbindelse ifalge et hvilket som helst af kravene 15 til 19 i fremstillingen af et

medikament til behandling af smerte.
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" (R)}19-Pr-DHT

Fig. 2
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(R)-19-Pr-DHT

Fig. 3
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Fig. 4
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(S)-19-Pr-DHT

Fig. 5
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arbon 19

- Fig. 6
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(S)-DHE (Diastereisomer)

Fig. 10

12+

114 ay - 0.1 pgrkg

10, ~ 0.3 pglkg

al 1 -— 0.5 pygikg

— Vehicle

—_— 8—
5 %
59

44

34 #t

v2_

1_

0

0 10 20 30 40 50 60 70 80 90 100 110 120 130
Time (min) post-dose

# P<0.05, ## P<0,01 when compared to vehicle (ANOVA and Dunnett's t-test).
* P<0.05, ** P<0.01 and **P<0.001 when compared to vehicle (Kruskal-Wallis and Dunn's test).

Fig. 11
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124
LT —~ 3 uglkg
10l e - 10 pg/kg
ol # — 30 ug/kg
—— Vehicle

Latency (s)
il

I

I

5 I@;\N
#

0 10 20 30 40 50 B0 70 80 S0 100 110 120 130
Time (min) post-dose ’

# P<0.05, ## P<0.01 when compared to vehicle (ANOVA and Dunnet's ttest).

**P<0.01 and **P<0.001 when compared to vehicle (Kruskal-Wallis and Dunn's test).

Fig. 12
12
119 e, -+ 0.5 pg/kg
104 % = ~ 2 pglkg
9 , -~ 6 pg/kg
B{ - Vehicle
= 74 ._,_'_-———————'—J
ge — |
55
a 1
3_
2-
1_
0

0 10 20 30 40 50 60 70 80 90 100 110 120 130
Time (min) post-dose :
* P<0.05 and *'P<0.01 and *** P<0.001 when compared to vehicle (Kruskal-Wallis and Dunn's test).

Fig. 13
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100+ »
754 DHE R-isomer
'iﬂ DHE S-lsomer
- = 504 Fentany]
x
254

0 T T T T T T T 1
-20-15-1.0-050.0 0.5 1.0 1.5 2.0
Log Dose { pg/kg)

DHE R-isomer ED50=0.07914 pglkg

DHE S-isomer ED50=2.165 yigfkg Fig. 14
Fentanyl ED50=1.135 pgfkg

100+ .
754 + DHE R-isomer
a « DHE S-isomer

50+ = Fentanyl
25+ .

0 T T T . T T T T 1

-2.0-15-1.0-050.0 05 1.0 1.5 2.0

Log Dose ( pg/kg) .
Fig. 15

DHE R-isomer ED50=0.2253 pglkg
DHE S-isomer ED50=3.795 nigtkg
Fentariyl ED50=1.239 Hg/kg
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» DHE R-isomer
» DHE S-isomer
* Fentanyl

Fig. 16

+ DHE R-isomer
+ DHE S-isomer
» Fentanyl

100+
75+ ; .
50+ . . A
25+
0 T T T = T T T T 1
-2.0-15-10-05 0.0 05 1.0 1.5 2.0
Log Dose ( pa/kg)
DHE R-isomer ED50=0.2632 pg/kg
DHE S-isomer ED50=7.516 pglkg
Fentanyl ED50=3.111 ug/kg
1007
757
50 .
25 / {
04 v a
-25 mm— T T T T T 1
-2.0-1.5-1.0-05 0.0 0.5 1.0 15 2.0

Log Dose ( pg/kg)

DHE R-isomer ED50=0.4222 ug/kg
DHE S-isomer ED50=20.95 pg/kg
Fentanyl ED50=9.681 pgfkg

Fig. 17
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-~ Vehicle (5mltkg,i.v.)
a) Left Paw -#- DHE (R-isomer) (0.1 pgikg,i.v.)
-+ DHE (R-isomer) {0.3 pg/kg.iv.}
30 ¥ DHE (R-isomer) (0.5 pg/kg.i.v.)
~+ Morphine (5mgkgi.v.)

20+

Withdrawal Threshold (g)
=)

Time Post-Dose (min)

b) Right Paw
30

[
(=]

10

Withdrawal Threshold (g)

0 20 40° 60 80 100 120

‘Time Post-Dose (min)

##P<0.01 when compared fo vehicle group data(Kruskal-Wallis and Dunn's test)
1 P <0.05 when compared to vehicle group data (ANOVA and Dunnett’s est),
* P <0.05,"** P <0.001 when compared to vehicle group data (Unpaired 2-tailed Studnnt‘s t-test).

Fig. 18
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a) Left Paw -#- DHE (Reisomer) 0.1 pg/kg.i.v.
- DHE (R-isomer) 0.3 pg/kg,i.v.
20- - DHE (R-isomer) 0.5 ig/kg.i.v.

N
<

Withdrawal Threshold (g)
=]

-+ Vehicle (mL/kg,i.v.)

- Morphine (5mg/kg,i.v.)

b) Right Paw
) ongt

N
(=]

10

Withdrawal Threshold (9)

0

0 20 40 60 80 100 120 140
Time Post-Dose (min)

888 1

w

0 20 40 60 80 100 120 140
Time Post-Dose (min)

$P < 0.05, $3$ P < 0.001 when compared to vehicle group data (Mann-Whitney U-test).

when compared

*P<0.05,** P <001, ** P <0001 when compared to vehicle group data (unpaired 2-tailed

Student’s t-test),
1 P <0.056 when

to vehicle group data (unpaired 2-tailed Student's t-test).

compared to vehicle group data (ANOVA and Dunnett's test).

Fig. 19

14

DK/EP 2370443 T3



DK/EP 2370443 T3

-o- Vehicle (5ml/kg,i.v.)

- DHE (S-isomer) 3 pg/kg,l.v.

a) Left Paw -4 DHE (S-isomer) 10 ng/kg,i.v.
-¥- DHE (S-isomer) 30 pg/kg,iv.

~8- Pregabalin (30mg/kg p.o.)

30-
GRS
= | fe.
2 P

- \\

g 20 ,l, AN *EE
£ i Y,
- |
g
© 10+
ke
R O NAY A
= AN T T

Time Post-Dose (min)

b) Right Paw

w
?

Withdrawal Threshold (g)

0 20 40 60 80 100 120
' Time Post-Dose (min)

P < (.001 when compared to pre-dose data (paired 2-tailed Student's ttest),
###P <0.001 when compared to vehicle group data (Kruskal-Wallis and Dunn’s test).

Fig. 20
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-s- Vehicle (5mL/kg, iv.)
a) Left Paw & DHE (S-isomer) 3 yg/kg, i.v.
- 4 DHE (S-isomer) 10 pg/kg, i.v.
20+ -+ DHE (S-isomer) 30 Hg/kg, Ly,
—_ #H ~¢- Pregabalin (30mg/kg p.o.)
2 b 2
o A
S 204 J N
g ! \\
[73) ’I \\ * Fkdk
£ [ EONg I I
3 "] ===t
QS | AT S = ____
g —
©
.25
=
0 v

0 20 40 60 80 100 120 140
Time Post-Dose (min)

b) Right Paw
20+

N

[=]

o
.
-

Withdrawal Threshold (g)
¢ 3

0

0 20 40 60 80 100 120 140
Time Post-Dose (min)

## P <0.01 when compared to vehicle group data (Kruskal-Wallis and Dunn’s test).
* P <0.08, " P < 0.001 when compared o pre-dose data (paired 2-tailed Student's t-test).

Fig. 21
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a) Left Paw -+ Pregabalin (100mg/kg.p.0.)
30- ~4- Morphine (5mg/kg,i.v.)
*t

) ## o

g 4 + b

© ,$~\ * o

<

@20+ -

_

£

l._.

T

=

0 10+

°

=

=

-e- Vehicle (10mL/kg,p.0.)

-» Pregabalin (30mg/kg,p.0.)
-~ Pregabalin (50mg/kg,p.o.)

0 60 120 - 180 240
Time Post-Dose (min)

b) Right Paw
30-

Withdrawal Threshold (g)

+P<0.05, ++ P <0.01 and +++ P < 0.001 when compared to pre-dose data (paired 2-tailed

Student's t-test).

#P<0.05##P<0.01and### P <0.001 when compared to vehicle group data (Kruskal-Wallis

and Dunn’s test).

-
?

0

0 60 120 180 240
Time Post-Dose {min)

P <0.01 when compared o vehicle group data (ANOVA and Dunnetf's test).

Fig. 22
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-»- Vehicle (10mL/kg,p.o.)

a) Left Paw - Pregabalin (30mg/kg.p.0.)
i -a- Pregabalin (50mg/kg,p.0.)

20+ -+ Pregabalin (100mg/kg,p.o.)

-¢- Morphine (5mgfkg,i.v.)

Withdrawal Latency (s)-
(=]

0 50 100 150 200 250
Time Post-Dose (min)

0 50 100 150 200 250
’ Time Post-Dose (min)
+P <0.05, ++P < 0.01 when compared to pre-dose data (paired 2-{ailed Student’s t-test).

Fig. 23
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