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of (R)-dimiracetam of 50% (corresponding to a 3:1 (R):(S) ratio of the dimiracetam
enantiomers) even inhibits NMDA plus glycine-evoked [*H]-D-aspartic acid release from rat
spinal synaptosomes by 52% at a concentration of 1 nM (Fig. 1B, Table 1). In comparison,
racemic dimiracetam inhibits NMDA plus glycine-evoked [*H]-D-aspartic acid release from
rat spinal synaptosomes by 36% at a concentration of 10 nM, corresponding to an estimated
ICso of 15 nM (Fig. 1C; Table 1); (R)-dimiracetam has an estimated ICsy of 123 nM (FIG.
1D); and (S)-dimiracetam has an estimated ICsy of 418 nM (FIG. 1E).

These surprising results are confirmed in further different rat models of peripheral
neuropathic pain, such as the MIA-induced knee arthritis model or the oxaliplatin-induced
model of neuropathic pain. Thus, the inventive compositions with an enantiomeric excess of
(R)-dimiracetam are much more efficient than the racemic mixture of dimiracetam in reducing
peripheral neuropathic pain in the paw-pressure test after administration of sodium
monoiodoacetate (MIA; FIG. 2), or in the prevention of oxaliplatin-induced peripheral
neuropathic pain (FIG. 3). The inventive compositions with an enantiomeric excess of (R)-
dimiracetam are also much more efficient than compositions in which an excess of the (S)-
enantiomer of dimiracetam is present (FIG. 2).

Therefore, the inventive compositions of (R)- and (S)-enantiomers of dimiracetam
having an enantiomeric excess (ee) of (R)-dimiracetam higher than or equal to 30% and lower
than or equal to 60% are pharmacologically more effective at a given dose, as compared to
either the pure enantiomers alone or to racemic dimiracetam. The term racemic dimiracetam
refers to a 1:1 by weight mixture of (R)- and (S)-enantiomers, which thus has an enantiomeric
excess (ee) of (R)-dimiracetam of 0%. Thus, the effect associated with the present disclosure
is a synergistic effect that surprisingly results from a specific range of ratios between (R)-
dimiracetam and (S)-dimiracetam.

Since rat plasma concentration-time profiles after oral administration of either (R)- or
(S)-dimiracetam are identical, and the (R)- and (S)-enantiomers do not to interconvert in vivo
(FIG. 4A and FIG. 4B, respectively), the behavior of the inventive compositions of
enantiomers is not explained by pharmacokinetics or metabolism of the enantiomers. The fact
that the (R)- and (S)-enantiomers are both individually effective (albeit with different
potency), and that when combined in an appropriate ratio their pharmacological potency is
greater than that of the racemate, shows that they share with racemic dimiracetam the same
pharmacological mechanism and suitability for the treatment of the same medical indications.
Therefore, the inventive compositions are beneficial and can be used for the treatment and/or

prevention of a large number of diseases and disorders as set out in the detailed description.



10

15

20

10

The diseases or disorders are typically and preferably selected from peripheral sensory
neuropathy, preferably peripheral neuropathic pain and other symptoms of peripheral sensory
neuropathy; and neuropsychiatric conditions, such as seizure; depression; or cognitive
impairment; and motoneuron diseases, such as amyotrophic lateral sclerosis. More preferably,
the disease or disorder is typically selected from peripheral sensory neuropathy, preferably
peripheral neuropathic pain; seizure; depression; or cognitive impairment.

In an aspect, the disclosure provides for a composition comprising (R)-3,6,7,7a-
tetrahydro-1H-pyrrolo[ 1,5-a]imidazole-2,5-dione ((R)-dimiracetam (1)) and (S)-3,6,7,7a-
tetrahydro-1H-pyrrolo[ 1,5-a]imidazole-2,5-dione ((S)-dimiracetam (2)),
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and/or pharmaceutically acceptable solvates or co-crystals thereof, wherein an enantiomeric
excess (ee) of the (R)-dimiracetam (1) is equal to or higher than 33% and lower than or equal
to 54%.

In an example, the disclosure provides for a composition comprising (R)-3,6,7,7a-
tetrahydro-1H-pyrrolo[ 1,5-a]imidazole-2,5-dione ((R)-dimiracetam (1)) and (5)-3,6,7,7a-
tetrahydro-1H-pyrrolo[ 1,5-a]imidazole-2,5-dione ((S)-dimiracetam (2)),
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and/or pharmaceutically acceptable solvates or co-crystals thereof,
wherein the enantiomeric excess (ee) of said (R)-dimiracetam (1) is equal to or higher than

30% and lower than or equal to 60%.

One specific example of such a composition according to the present disclosure is a
non-racemic mixture of  3,6,7,7a-tetrahydro-1H-pyrrolo[1,5-a]Jimidazole-2,5-dione

(dimiracetam) and pharmaceutically acceptable solvates or co-crystals thereof, wherein said
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non-racemic mixture comprises (R)-3,6,7,7a-tetrahydro-1H-pyrrolo[1,5-a]imidazole-2,5-dione
((R)-dimiracetam (1)) and (5)-3,6,7,7a-tetrahydro-1 H-pyrrolo[1,5-a]imidazole-2,5-dione ((S)-
dimiracetam (2)) in an enantiomeric excess (ee) of said (R)-dimiracetam (1) of higher than or

equal to 30% and lower than or equal to 60%.
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In a further aspect, the disclosure provides for a pharmaceutical composition comprising
the composition of the present disclosure, e.g. the non-racemic mixture of the disclosure, and
a pharmaceutically acceptable carrier.

In another aspect, the present disclosure provides for a method for preparing a
composition as described herein, comprising combining (R)-dimiracetam (1) and (S)
dimiracetam (2), or (R)-dimiracetam (1) and a racemate of dimiracetam. In yet another aspect,
the present disclosure provides for a kit of parts comprising (R)-dimiracetam (1) and (S)-
dimiracetam (2) and instructions for combining (R)-dimiracetam (1) and (S)-dimiracetam (2)
to obtain an enantiomeric excess (ee) of the (R)-dimiracetam (1) of equal to or higher than
33% and lower than or equal to 54%.

In an example the disclosure provides for a kit of parts comprising (R)-dimiracetam (1)
and (S)-dimiracetam (2) and instructions for combining (R)-dimiracetam (1) and (S)-
dimiracetam (2) to obtain an enantiomeric excess (ee) of said (R)-dimiracetam (1) of equal to
or higher than 30% and lower than or equal to 60%. In this example, the same preferred
ranges of the enantiomeric excess (ee) of said (R)-dimiracetam (1) and enantiomeric ratios of
(R)-dimiracetam (1) to (S)-dimiracetam (2) as set out herein with respect to the composition
apply.

In another aspect, the disclosure provides for the use of the composition as described
herein in the manufacture of a pharmaceutical composition for treating a disease, injury, or
disorder, wherein the disease, injury, or disorder is peripheral sensory neuropathy, seizure,
depression, or cognitive impairment. In yet another aspect, the disclosure provides for the
non-therapeutic use of the composition as described herein for enhancing learning and
memory in healthy subjects.

In again a further example, the disclosure provides for the composition of the disclosure

or the pharmaceutical composition of the disclosure or the kit of the disclosure for use as a
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medicament.

In again a further example, the disclosure provides for the composition of the disclosure
or the pharmaceutical composition of the disclosure or the kit of the disclosure for use in the
treatment or prevention of a disease or disorder, wherein the disease or disorder is typically
and preferably selected from peripheral sensory neuropathy, preferably peripheral neuropathic
pain and other symptoms of peripheral sensory neuropathy; and neuropsychiatric conditions,
such as seizure; depression; or cognitive impairment; and motoneuron diseases, such as
amyotrophic lateral sclerosis.

In again a further example, the disclosure provides for a method for the treatment and/or
prevention of a disease or disorder of an animal, preferably of a human, wherein the disease
or disorder is typically and preferably selected from peripheral sensory neuropathy, preferably
peripheral neuropathic pain and other symptoms of peripheral sensory neuropathy; and
neuropsychiatric conditions, such as seizure; depression; or cognitive impairment; and
motoneuron diseases, such as amyotrophic lateral sclerosis, wherein said method comprises
administration of the composition of the disclosure or the pharmaceutical composition of the
disclosure or the kit of the disclosure to an animal, preferably to a human.

In again a further example the disclosure provides for the use of the composition of the
disclosure or the pharmaceutical composition of the disclosure or the kit of the disclosure in
the manufacture of a medicament for the treatment and/or prevention of a disease or disorder,
wherein the disease or disorder is typically and preferably selected from peripheral sensory
neuropathy, preferably peripheral neuropathic pain and other symptoms of peripheral sensory
neuropathy; and neuropsychiatric conditions, such as seizure, depression, or cognitive
impairment; and motoneuron diseases, such as amyotrophic lateral sclerosis.

In again a further example, the disclosure provides for an article of manufacture
comprising the composition of the disclosure or the pharmaceutical composition of the
disclosure, a container or package and a written description and administration instruction
such as a package insert.

It is to be understood that the composition of the present application encompasses the
non-racemic mixture of the present disclosure, so that any reference to the composition of the
present disclosure is also to be understood as a reference to the non-racemic mixture of the
present disclosure.

Further aspects and examples of the present disclosure will be become apparent as this

description continues.
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FIG. 1A:

FIG. 1B:

FIG. 1C:

FIG. 1D:

FIG. 1E:

FIG. 2:
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Description of Figures

Effects of increasing molar concentrations of the inventive composition with an
enantiomeric excess of (R)-dimiracetam of 33.3% (corresponding to a 2:1 (R):(S)
ratio of the enantiomers) on NMDA (10 uM) plus glycine- (1 uM) stimulated
release of [*’H]-D-Asp from pre-loaded spinal cord synaptosomes.

Effects of increasing molar concentrations of the inventive composition with an
enantiomeric excess of (R)-dimiracetam of 50% (corresponding to a 3:1 (R):(S)
ratio of the enantiomers) on NMDA (10 uM) plus glycine- (1 uM) stimulated
release of ['H]-D-Asp from pre-loaded spinal cord synaptosomes.

Effects of increasing molar concentrations of dimiracetam racemate on NMDA
(10 uM) plus glycine- (1 pM) stimulated release of [*H]-D-Asp from pre-loaded
spinal cord synaptosomes.

Effects of increasing molar concentrations of (R)-dimiracetam on NMDA (10
uM) plus glycine- (1 uM) stimulated release of [*H]-D-Asp from pre-loaded
spinal cord synaptosomes.

Effects of increasing molar concentrations of (S)-dimiracetam on NMDA (10 uM)
plus glycine- (1 pM) stimulated release of [*’H]-D-Asp from pre-loaded spinal
cord synaptosomes.

In Fig. 1A-E, results are expressed as % increase of basal release, and data are
means + S.E.M. of 6 experiments that were run in triplicate.

Antihyperalgesic effect of a single dose of the inventive composition with an
enantiomeric excess of (R)-dimiracetam of 50% (corresponding to a 3:1 (R):(S)
ratio of the enantiomers) in comparison with dimiracetam racemate and a

composition with an excess of the (§)-enantiomer of dimiracetam of 1:3 (R):(S) in
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Claims

1. A composition comprising (R)-3,6,7,7a-tetrahydro-1H-pyrrolo[1,5-a]imidazole-2,5-dione
((R)-dimiracetam (1)) and (S)-3,6,7,7a-tetrahydro-1H-pyrrolo[1,5-a]imidazole-2,5-dione
((S)-dimiracetam (2)),
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and/or pharmaceutically acceptable solvates or co-crystals thereof,
wherein an enantiomeric excess (ee) of the (R)-dimiracetam (1) is equal to or higher than

33% and lower than or equal to 54%.

2. The composition of claim 1, wherein a ratio of (R)-dimiracetam (1) to (S)-dimiracetam (2)
is 2:1to0 3.3:1.

3. The composition of claim 1, wherein the
(R)-dimiracetam (1) and/or pharmaceutically acceptable solvates or co-crystals thereof and
(S)-dimiracetam (2) and/or pharmaceutically acceptable solvates or co-crystals thereof

are packaged separately.

4.  The composition of claim 1, wherein the composition is a non-racemic mixture of 3,6,7,7a-
tetrahydro-1H-pyrrolo[1,5-a]imidazole-2,5-dione (dimiracetam) and pharmaceutically
acceptable solvates or co-crystals thereof, wherein the non-racemic mixture comprises (R)-
dimiracetam (1) to (S)-dimiracetam (2) in an enantiomeric excess (ee) of the (R)-

dimiracetam (1) of equal to or higher than 33% and lower than or equal to 54%.

5. A pharmaceutical composition comprising the composition of claim 1 and a
pharmaceutically acceptable carrier.
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A method for preparing a composition of claim 1, comprising combining
(R)-dimiracetam (1) and (S)-dimiracetam (2), or

(R)-dimiracetam (1) and a racemate of dimiracetam.

A kit of parts comprising (R)-dimiracetam (1) and (S)-dimiracetam (2) and instructions for
combining (R)-dimiracetam (1) and (S)-dimiracetam (2) to obtain an enantiomeric excess
(ee) of the (R)-dimiracetam (1) of equal to or higher than 33% and lower than or equal to
54%.

Use of the composition of claim 1 in the manufacture of a pharmaceutical composition for
treating a disease, injury, or disorder, wherein the disease, injury, or disorder is peripheral

sensory neuropathy, seizure, depression, or cognitive impairment.

The use of claim 8, wherein the disease, injury, or disorder is peripheral sensory

neuropathy, a neuropsychiatric disorder, a motoneuron disorder, or a movement disorder.

The use of claim 8, wherein the disease, injury, or disorder is peripheral sensory

neuropathy.

The use of claim 10, wherein the peripheral sensory neuropathy is peripheral neuropathic

pain.

The use of claim 10, wherein the peripheral sensory neuropathy is diabetic neuropathy,
post-herpetic neuropathy, lumbago, sacral pain, surgical pain, crush injury, spinal injury,
complex regional pain syndrome, phantom limb sensations, peripheral sensory neuropathy
associated with osteoarthritis, peripheral sensory neuropathy associated with rheumatoid
arthritis, peripheral sensory neuropathy associated with autoimmune osteoarthrosis,
cephalea, fiboromyalgia, peripheral sensory neuropathy induced by antiblastic therapies,
peripheral sensory neuropathy induced by a chemotherapeutic agent, peripheral sensory
neuropathy associated with visceral injury, peripheral sensory neuropathy associated with

osteonecrosis, peripheral sensory neuropathy associated with human immunodeficiency
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virus infection, peripheral neuropathic pain, or peripheral sensory neuropathy induced by

an antiviral agent.

The use of claim 10, wherein the peripheral sensory neuropathy is peripheral sensory
neuropathy induced by a chemotherapeutic agent or peripheral sensory neuropathy induced

by an antiviral agent.

The use of claim 13, wherein the peripheral sensory neuropathy is peripheral sensory
neuropathy induced by a chemotherapeutic agent, wherein the chemotherapeutic agent is
selected from the group consisting of a kinase inhibitor, a proteasome inhibitor, a taxane, a
vinca alkaloid, and a platinum salt, and wherein preferably the chemotherapeutic agent is
selected from sorafenib, sunitinib, afatinib, axitinib, vandetanib, vemurafenib, ixazomib,
bortezomib, paclitaxel, docetaxel, cabazitaxel, vincristine, vinblastine, vindesine,
vinorelbine, nedaplatin, lobaplatin, picoplatin, satraplain, cisplatin, carboplatin, and

oxaliplatin.

The use of claim 13, wherein the peripheral sensory neuropathy is peripheral sensory
neuropathy induced by an antiviral agent, wherein the antiviral agent is a nucleoside

reverse transcriptase inhibitor.

The use of claim 15, wherein the nucleoside reverse transcriptase inhibitor is zalcitabine,

didanosine, stavudine, or zidovudine.

The use of claim 8, further comprising that an antitumor drug is to be administered,
wherein the antitumor drug is selected from the group consisting of a kinase inhibitor, a

proteasome inhibitor, a taxane, a vinca alkaloid, and a platinum salt.

The use of claim 17, wherein the antitumor drug is selected from the group consisting of
sorafenib, sunitinib, afatinib, axitinib, vandetanib, vemurafenib, ixazomib, bortezomib,
paclitaxel, docetaxel, cabazitaxel, vincristine, vinblastine, vindesine, vinorelbine,

nedaplatin, lobaplatin, picoplatin, satraplain, cisplatin, carboplatin, and oxaliplatin.
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The use of claim 8, further comprising that an antiviral drug is to be administered, wherein

the antiviral drug is a nucleoside or a nucleotide.

The use of claim 19, wherein the antiviral drug is of zalcitabine, didanosine, stavudine, or

zidovudine.

The use of claim 8, wherein the composition is to be administered orally twice daily in a
dose of between 10 mg and 3000 mg per administration, between 20 mg to 2000 mg per

administration, or between 50 mg and 1000 mg per administration.

Non-therapeutic use of the composition of claim 1 for enhancing learning and memory in
healthy subjects.



