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“Compositions comprising short-acting benzodiazepines”

The present invention relates to compositions comprising benzodiazepines or
pharmaceutically acceptable salts thereof and their use as pharmaceuticals.

Benzodiazepine compounds are known for their capacity to bind to a site on a specific
receptor/chloride ion channel complex known as the GABA. receptor. The binding of
the benzodiazepine compound potentiates the binding of the inhibitory
neurotransmitter 7-aminobutyric acid (GABA) to the complex, thereby leading to
inhibition of normal neuronal function. Therapeutic purposes of the treatment with
benzodiazepine compounds are in particular production of sedation or hypnosis,
induction of anxiolysis, induction of muscle relaxation, treatment of convulsions or
induction and/or maintenance of anesthesia in a mammal. See generally, Goodman
and Gilman's The Pharmacological Basis of Therapeutics, Eighth Edition; Gilman, A.
G.; Rall, T. W.; Nies, A. S.; Taylor, P., Eds. ; Pergamon Press: New York, 1990; pp.
303-304, 346-358.

Short-acting benzodiazepines that may provide faster recovery profiles have been the
subject of clinical investigations (W. Hering et al., Anesthesiology 1996, 189, 85
(Suppl.); J. Dingemanse et al., Br. J. Anaesth 1997, 79, 567-574). Further compounds
of interest are disclosed in WO 96/23790, WO 96/20941 and US 5665 718. Other
publications that describe benzodiazepinones include E. Manghisi and A. Salimbemi,
Boll. Chim. Farm. 1974, 113, 642-644, W. A. Khan and P. Singh, Org. Prep. Proc. Int.
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1978, 10,105-111 and J. B. Hester, Jr, et al., J. Med. Chem. 1980, 23, 643-647.
Benzodiazepines such as diazepam, lorazepam, and midazolam all undergo
metabolism by hepatic-dependent processes. Active metabolites, which are often
much more slowly metabolized than the parent drug, can be generated by these
hepatic mechanisms in effect prolonging the duration of action of many
benzodiazepines (T. M. Bauer et al, Lancet 1995, 346, 145-7). Inadvertent
oversedation has been associated with the use of benzodiazepines (A. Shafer, Crit
Care Med 1998, 26, 947-956), particularly in the intensive care unit, where
benzodiazepines, such as midazolam, enjoy frequent use.

Short-acting benzodiazepines have been further disclosed in WO 2000/69836 Af.
The benzodiazepines as disclosed herein comprise a carboxylic acid ester moiety
and are inactivated by non-specific tissue esterases.

WO 2008/007071 A1 discloses a highly crystalline besylate salt of a benzodiazepine
with a carboxylic acid ester moiety as disclosed in WO 2000/69836 A1. WO
2008/007081 A1 an esylate salt of a benzodiazepine.

Products which are used as sedatives or anesthetic agents are normally stored at
room temperature. Therefore there is a need to provide formulations of short-acting
benzodiazepines, which exhibit sufficient stability at room temperature. In addition for
products that require to be presented as sterile, for example for injection via various
routes, the process used to produce these formulations must be capable of being
processed in a manner to ensure sterility assurance e.g. aseptic filtration.

It was in particular an object of the present invention to find pharmaceutically
acceptable compositions with sufficient stability at room temperature for short-acting
benzodiazepines as disclosed in WO 2000/69836 A1, WO 2008/007071 A1 and WO
2008/007081 A1.

Tests which were carried out with these compounds did show that aqueous solutions
of the compounds do not have sufficient stability at room temperature and show
strong degradation within a short period of time. Therefore alternative approaches
had to be found.

A known technique for stabilizing water-labile compounds is the method of
lyophilization. However, lyophilising the benzodiazepine of WO 2008/007071 A1
alone did not result in satisfactory stability of this benzodiazepine.

The inventors have now found that stable Iyophilized formulations can be obtained,
when mixtures of the benzodiazepine with hygroscopic excipients are formulated
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and/or when the lyophilized formulation is at least in part amorphous. In addition it
has been demonstrated that an alternative drying process, namely spray —drying, can
be used to get the same effect.

A first aspect of the invention is therefore a composition comprising a mixture of at
least one benzodiazepine or a pharmaceutically acceptable salt thereof and at least
one pharmaceutically acceptable hygroscopic excipient, wherein the benzodiazepine
comprises at least one carboxylic acid ester moiety.

According to the invention the benzodiazepine is preferably a compound according to
formula (1)

(Y)m OR!
RS —N (X)n

@
R )

wherein

W is H, a C;-C, branched alkyl, or a straight chained alkyl;

X is CH,, NH, or NCHj5; nis 1 or 2;

YisOorCH,;;misOor1;

ZisO;pisOori;

R' is a C;-C; straight chain alkyl, a C5-C; branched chain alkyl, a C;-C, haloalkyl, a
Cs-C; cycloalkyl, an aryl, a heteroaryl, an aralkyl, or a heteroaralkyl;

R? is phenyl, 2-halophenyl or 2-pyridyl,

R%is H, Cl, Br, F, I, CF3, or NOy;

(1) R*is H, a C;-C, alkyl, or a dialkylaminoalkyl and R and R® together represent a
single oxygen or S atom which is linked to the diazepine ring by a double bond and p
is zero or 1; or (2) R* and R together form a double bond in the diazepine ring and R®
represents the group NHR’ wherein R” is H, Cy, alkyl, C;4 hydroxyalkyl, benzyl or
benzyl mono or disubstituted independently with halogen substituents, Ci.,
alkylpyridyl or C,., alkylimidazolyl and p is zero; or (3) R*, R® and R® form the group
-CR®=U-V= wherein R® is hydrogen, Ci, alkyl or C5 hydroxyalkyl, U is N or CR®
wherein R® is H, C,4 alkyl, C15 hydroxyalkyl or C,_, alkoxy-C.alkyl, V is N or CH and
p is zero.
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The term "aryl", alone or in combination, is defined herein as a monocyclic or
polycyclic group, preferably a monocyclic or bicyclic group, e.g., phenyl or naphthyl,
which can be unsubstituted or substituted, for example, with one or more and, in
particular, one to three substituents selected from halogen, C,4 branched or straight
chained alkyl, C,., alkoxy, C4. haloalkyl, hydroxy, nitro, amino, and the like. The term
"heteroaryl" is defined herein as a 5-membered or 6-membered heterocyclic aromatic
group which can optionally carry a fused benzene ring and wherein said 5-membered
or 6-membered heterocyclic aromatic group can be unsubstituted or substituted, for
example, with one or more and, in particular, one to three substituents selected from
halogen, Ci.4 branched or straight chained alkyl, C,4 alkoxy, C,4 haloalkyl, hydroxy,
nitro, amino, and the like. The term "alkoxy", alone or in combination, is defined
herein to include an alkyl group, which is attached through an oxygen atom to the
parent molecular subunit. Exemplary alkoxy groups include but are not necessarily
limited to methoxy, ethoxy and isopropoxy. The term "aralkyl" is defined herein as an
alkyl group, in which one of the hydrogen atoms is replaced by an aryl group. The
term "heteroaralkyl" is defined herein as an alkyl group, in which one of the hydrogen
atoms is replaced by a heteroaryl group.

Exemplary branched or straight chained C;, alkyl groups include but are not
necessarily limited to methyl, ethyl, propyl, isopropyl, isobutyl and n-butyl. Exemplary
C,.7 straight chain alkyl groups include, but are not necessarily limited to, methyl,
ethyl, propyl, n-butyl, n-hexyl and n-heptyl. Exemplary C;; branched chain alkyl
groups include, but are not necessarily limited to, isopropyl, isobutyl, sec-butyl, tert-
butyl, isopentyl, neopentyl, tert-pentyl and isohexyl. Exemplary Cs.; cycloalkyl groups
include, but are not necessarily limited to, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl and cycloheptyl. Exemplary C,, haloalkyl groups include, but are not
necessarily limited, to methyl, ethyl, propyl, isopropyl, isobutyl and n-butyl substituted
independently with one or more halogens, e.qg., fluoro, chloro, bromo and iodo.

The compounds of formula (l) where the groups R* and R® and R°® together form the
group -CR®=U-V= and p is 0 represent a preferred embodiment of the invention and
may be conveniently represented by the compound of formula (Il):

Rz (I1)
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wherein R', R?, R®, R®, U, V, W, X, Y, n and m have the meanings given for formula

(1).

Further preferred are compounds of formula (1)

| R° R
N w
(Y)m OR!
/
R3 —-N (X)n
N\ 0
L, @
(1)

with
W is H;
XisCHx nis 1;
Yis CH,; mis 1;
ZisO;pisOori;

R' is CHs, CH,CHs, CHsCH»CHs, CH(CHs)» or CH,CH(CHs)s;

R? is 2-fluorohenyl, 2-chlorophenyl or 2-pyridyl;

R%is Cl or Br;

(1) R*is H, a C;-C, alkyl, or a dialkylaminoalkyl and R and R® together represent a
single oxygen or S atom which is linked to the diazepine ring by a double bond and p
is zero or 1; or (2) R* and R® together is a double bond in the diazepine ring and R°®
represents the group NHR’ wherein R” is H, Cy, alkyl, C;4 hydroxyalkyl, benzyl or
benzyl mono or disubstituted independently with halogen substituents, Ci.,
alkylpyridyl or C,, alkylmidazolyl and p is zero; or (3) R*, R® and R® form the group-
CR®zU-V= wherein R® is hydrogen, Ci, alkyl or C;5 hydroxyalkyl, U is N or CR®
wherein R® is H, C,_, alkyl, C,; hydroxyalkyl or C,., alkoxy, V is N or CH and p is zero.

Preferably, in particular in compounds according to formula (II), W is H, X is CHa, n is
1;Y is CHy, m is 1; R" is CHs, CHaCHs, CH,CH,CHs, CH(CHs), or CH,CH(CHa),: R is
2-fluorophenyl, 2-chlorophenyl or 2-pyridyl; R® is Cl or Br; R® is H, CHs or CH,OH; R®
is H, CH3, CH,OH or CH,O-t-butyl; U is CR® or N; and V is N or CH.

Particularly preferred amongst these compounds are compounds according to
formula (Il), wherein in each compound W is H, X is CH,, nis 1, Y is CH,, mis 1 and
wherein R', R%, R®, R®, U and V for each compound are as follows:

R’ R? R° R® U V
CHs 2-fluorophenyl Cl H CH N
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CHs 2-fluorophenyl Cl CHs CH N
CHs 2-fluorophenyl Cl H C-CHs N
CH, 2-fluorophenyl Cl H C-CH-OH N
CH, 2-fluorophenyl Cl CH-OH CH N
CH; 2-pyridyl Cl H CH N
CH; 2-pyridyl Cl CH; CH N
CH, 2-pyridyl Br CH, CH N
CH, 2-pyridyl Br H C-CH; N
CH; 2-pyridyl Cl H C-CHs N
CH; 2-pyridyl Cl H C-CH-OH N
CH, 2-pyridyl Cl CH-OH CH N
CH, 2-pyridyl Cl CH, C-CH; N
CHs 2-chlorophenyl Cl CHs N N
CHs 2-fluorophenyl Cl CHs N N
CHs 2-fluorophenyl Cl CHs N N
CHs 2-fluorophenyl Cl H N CH
CHs 2-fluorophenyl Cl CHs N CH
CH; 2-fluorophenyl Cl H C-CH-O-t-butyl N
CH, 2-pyridyl Cl CH, C-CH-OH N

Amongst these compounds the most preferred is remimazolam (INN), wherein W is
H, Xis CH,, nis 1, Y is CH,, mis 1, R'is CHs, R?is 2-pyridyl, R® is Br, R®is CH3, U is
CH and V is N. According to IUPAC system remimazolam is methyl 3-[(4S)-8-bromo-
1-methyl-6-(pyridin-2-yl)-4H-imidazo[1,2-a][1,4]benzodiazepin-4-yl]Jpropanocate. It is
clinically developed by PAION AG, Aachen under the internal designation
“CNS7056”. The besylate form of CNS7056 is also called “CNS7056B” (see the
experimental data infra).

Compounds according to formula (I) and (ll) possess a stereocenter. According to the
invention enantiomeric pure forms can be used, which are substantially free of the
other enantiomer, but also racemic mixtures can be used.

The composition according to the invention might comprise the free form of the
benzodiazepine, but in a preferred embodiment of the invention the benzodiazepine is
used in the form of a salt, in particular in the form of an inorganic or organic salt. In a
very preferred embodiment the benzodiazepine is used in the salt in a cationic form.
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The counter ion of the cationic benzodiazepine is preferably selected from
halogenides, in particular fluoride, chloride or bromide, sulfate, organic sulfates,
sulfonate, organic sulfonates, nitrate, phosphate, salicylate, tartrate, citrate, maleate,
formiate, malonate, succinate, isethionate, lactobionate and sulfamate.

The salts of the invention are obtained by reaction of the benzodiazepine with suitable
acids, in particular by reaction with the following acids: hydrochloric, hydrobromic,
sulfuric, nitric, phosphoric, salicylic, p-toluenesulfonic, tartaric, citric, methanesulfonic,
maleic, formic, malonic, succinic, isethionic, lactobionic, naphtalene-2-sulfonic,
sulfamic, ethanesulfonic and benzenesulfonic.

In a preferred embodiment the counter ion is selected from organic sulfates and
organic sulfonates, in particular from aromatic sulfates and aromatic sulfonates. In a
very preferred embodiment an organic sulfonate is used as counter ion, preferably an
aromatic sulfonate, in particular p-toluenesulfonic acid (tosylate), naphthalene-2-
sulfonic acid, ethanesulfonic acid (esylate) or benzenesulfonic acid, wherein
benzenesulfonic acid (besylate) is the most preferred counter ion.

The most preferred salts according to the invention are the besylate salt (as disclosed
in WO 2008/007071 A1) or the esylate salt (as disclosed in WO 2008/007081 A1) of
remimazolam. The tosylate of remimazolam is also preferred and is subject matter of
WO 2013029431 Af.

The compositions according to one aspect of the invention comprise at least one
pharmaceutically acceptable hygroscopic excipient. The hygroscopic excipient might
be an organic or inorganic substance, but is preferably an organic substance. The
hygroscopic excipient does not include water as such but water can be present in
addition to a hygroscopic excipient. The hygroscopic excipient is preferably a
compound which is able to form stable hydrates.

The hygroscopic excipient is preferably a substance which under normal conditions
(25°C, 1013,25 hPa) binds water molecules reversibly and is preferably further able to
release the water molecules, when sufficient vacuum and/or heat is applied. Vice
versa the hygroscopic excipient as obtained by application of vacuum and/or heat
after dehydration is able to bind water molecules again. Under normal temperature
conditions (25°C) the water vapour pressure of the hydrated hygroscopic excipients is
preferably less than 23 hPa, more preferably less than 20 hPa, preferentially less
than 15 hPa, in particular less than 10 hPa. In a particularly preferred embodiment the
water vapour pressure of the hydrated hygroscopic excipient is between 2 and 20
hPa, more preferably between 5 and 15 hPa. The dehydrated hygroscopic excipient
preferably has a capacity to bind at least 0.01 g, more preferably at least 0.03 g, in
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particular at least 0.05 g or at least 1 g water per g of hygroscopic substance. In a
preferred embodiment the dehydrated hygroscopic excipient can bind up to 5 g, more
preferably up to 10 g, in particular up to 20 g water per g of hygroscopic substance

The organic hygroscopic excipients according to the invention preferably possess a
molecular weight of less than 400 kD, preferably less than 350 kD, more preferably
less than 100 kD., especially preferably less than 20 kD and further preferably less
than1 kD. In a most preferred embodiment the hygroscopic excipient has a molecular
weight of less than 0.1 kD.

According to the invention the term “excipient” is defined as an ingredient added
intentionally to the drug substance which should not have pharmacological properties
in the quantity used. Such excipients can provide some other beneficial purpose be
this to aid processing, solubility or dissolution, drug delivery via the target route of
administration or aid stability.

Within the context of the present invention, the definition of "pharmaceutically
acceptable" is meant to encompass any substance, which does not interfere with
effectiveness of the biological activity of the active ingredient and that is not toxic to
the host to which it is administered.

In a preferred embodiment the organic hygroscopic excipient is selected from
carbohydrates and/or organic polymers.

According to the invention a “carbohydrate” is an organic compound with the
empirical formula C.,(H:O), (where m could be different from n). Structurally,
carbohydrates can be described as polyhydroxy aldehydes and ketones. The term
“saccharide” or “sugar” as used hereinafter is a synonym of the term carbohydrate.
The carbohydrates are divided into four chemical groups: monosaccharides,
disaccharides, oligosaccharides and polysaccharides. The carbohydrates as defined
herein encompasses all modifications, derivatives and analogues of carbohydrates
such as acidic saccharides containing carboxyl groups, phosphate groups and/or
sulfuric ester groups

In a very preferred embodiment the organic hygroscopic excipient is a carbohydrate
or a mixture of various, at least two types of carbohydrates. Suitable carbohydrates
are for example amylose, amylopectin, alginate, dextrans, starches as well as mono-,
di- and oligosaccharides.

The inventors have found that the use of hygroscopic carbohydrates or mixtures
thereof is especially suitable in order to prepare stable solid
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formulations/compositions — e.g. lyophilized or spray dried compositions — for
benzodiazepines, in particular remimazolam salts, which have a favourable
reconstitution time.

In a preferred embodiment the carbohydrate possesses a molecular weight of less
than 150 kD, preferably less than 100 kD, in particular less than 80 kD, especially
preferably less than 20 kD and further preferably less than1 kD (e.g. less than 0.5
kD). In a preferred embodiment oligo- or polysaccharide chains are non-cyclic, i.e.
they are not cyclic hemiacetals or hemiketals.

In a particularly preferred embodiment dextrans with a molecular weight of less than
150 kD, preferably less than 100 kD, in particular less than 80 kD are used as
hygroscopic excipient. Very preferred dextrans possess a molecular weight of
between 5 and 80 kD, in particular of between 10 and 40 kD.

In another particularly preferred embodiment mono- or oligosaccharides are used as
hygroscopic excipients - either as the sole hygroscopic excipient or in a mixture with
at least one further hygroscopic excipient, such as dextran - wherein the
oligosaccharides are preferably non-cyclic. In this embodiment the carbohydrate is
preferably selected from monosaccharides and C,¢-oligosaccharides, in particular
from disaccharides. The disaccharide is preferably selected from lactose, maltose,
sucrose and trehalose and is most preferably lactose. In yet another embodiment two
or more disaccharides can be used, in particular including lactose. These
disaccharides can be combined with further excipients, e.g. dextran.

In another very preferred embodiment the organic hygroscopic excipient is a polymer,
preferably a polyacrylate or a vinylpolymer, more preferably a polyvinylpyrrolidone.

In a preferred embodiment the polyvinylpyrrolidone possesses a molecular weight of
less than 150 kD, preferably less than 100 kD, in particular less than 50 kD. Very
preferred polyvinylpyrrolidones possess a molecular weight of between 5 and 40 kD,
in particular of between 10 and 30 kD.

In a further embodiment of the invention the hygroscopic excipient is a mixture of at
least two different hygroscopic excipients, in particular exactly two, three, four, five or
more excipients. These at least two different excipients can be of the same chemical
nature e.g. both are carbohydrates or both are organic polymers. Alternatively they
can be of different chemical nature, e.g. one or more are carbohydrates and one or
more are organic polymers. In a preferred embodiment of the invention the
composition comprises a mixture of at least two carbohydrates.
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These at least two carbohydrates can be from the same type of carbohydrates, e.g.
they all represent monosaccharides, disaccharides, oligosaccharides or
polysaccharides, respectively. The carbohydrates can alternatively represent different
types of carbohydrates, e.g. one or more monosaccharide combined with one or more
disaccharide etc. Preferred is a combination of at least one disaccharide with at least
one or more polysaccharide.

Particularly preferred is the combination of one disaccharide and one polysaccharide.
The disaccharide preferably is lactose and the polysaccharide is preferably dextran,
in particular with a molecular weight of 80 KD or less. The composition preferably
contains remimazolam, preferably in besylate, esylate or tosylate salt. Of particular
relevance is the besylate salt thereof.

Particular preferred carbohydrate mixtures of the invention comprise or consist of the
combinations given in the following table:

Disaccharide 1 Disaccharide 2 Polysaccaride
Lactose - Dextran 40
Trehalose - Dextran 40
Sucrose - Dextran 40
Lactose - Dextran 70
Trehalose - Dextran 70
Sucrose - Dextran 70
Lactose Trehalose Dextran 40
Lactose Sucrose Dextran 40
Lactose Trehalose Dextran 70
Lactose Sucrose Dextran 70
Trehalose Sucrose Dextran 40
Trehalose Sucrose Dextran 70

A composition with the above listed disaccharide/dextran mixture preferably comprise
remimazolam, either in its besylate, esylate or tosylate salt. Especially preferred is the
besylate salt.

As outlined above the inventors have found that the composition according to the
invention, in particular a composition with a mixture of at least one disaccharide such
as lactose and at least one dextran can form stable solid, in particular lyophilized or
spray dried, formulations with an acceptable lyophilisation (also called “total cycle
duration”) and/or reconstitution time. According to the invention, a favourable
reconstitution time is 5 min or less, preferably 3 minutes or less, more preferably 2 or
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even 1 minute. A reconstitution time of 1 min is further preferred and a reconstitution
time of less than 1 minute is most preferred.

The lyophilisation time for the composition of the invention favourably is less than 120
hours, preferably less than 100 hours, more preferably less than 80 hours and even
more preferably less than 70 hours, and specifically 66 hours.

This reduction in lyophilisation time in particular applies when the primary drying step
is performed at -25 °C and below 100 mTorr (e.g. between 90 and 100 mTorr) or at -
15 °C or above and 350 to 750 mTorr.

The inventors have found a correlation between the amount of polymer, in particular
polysaccharide, more particular dextran, and the time required for the lyophilisation:
an increasing amount of polysaccharide in the mixture of carbohydrate excipients
increases the collapse temperature of the composition and therewith reduces the time
required for lyophilisation. For example a composition with remimazolam salt further
comprising lactose and dextran in a weight ratio of 1:1 shows a lyophilisation time of
99 hours, whereas the same composition with a lactose and dextran weight ratio of
1:4 requires a lyophilisation time of only 66 hours or less.

Within the mixtures of excipients (excipients of different chemical nature or of different
types, supra), the wt.-% ratio between the first excipient (e.g. the disaccharide) and
the second excipient (e.g. the dextran) can range from 1:1 to 1:10, more preferably
from 1:1 to 1:6, even more preferably from 1:1 to 1:5 and particularly preferably from
1:1.0 to 1:4.5. In a specific embodiment said wt-%ratio is 1:1.5 or 1:4. The first
excipient is in particular lactose and the second excipient preferably is dextran, in
particular dextran 70 or dextran 40.

Lactose can be used as a hydrate. However, unless otherwise explicity mentioned the
weight ratios and concentrations provided herein relate to lactose. The same applies
to other excipients suitable according to the invention.

It is especially preferred when the relative amount of polysaccharide in the mixture
exceeds the relative amount of disaccharides therein. Hence 50 wt.-% or more of the
mixture of carbohydrates can be a polysaccharide, more preferably 60 wt.-% or more,
even more preferred 80 wt.- % or more. In a binary mixture the rest preferably is
disaccharide. In these embodiments of the invention it is possible to improve the
lyophilisation time, i.e. to obtain higher collapse temperatures. Preferably the
polysaccharide is dextran.
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The composition of the invention can comprises the benzodiazepine or a salt thereof,
being preferably the besylate or tosylate salt of remimazolam, in a relative amount
between 5 and 50 wt.%, more preferably in a relative amount between 8 and 25 wt.-
%, even more preferably in a relative amount between 10 and 20 wt.%, and
specifically in relative amounts of 10 or 19 wt.%. Notably, all relative amounts, weight
ratios etc. of the benzodiazepine, in particular remimazolam, in the compositions of
the invention are calculated for the free base; unless otherwise explicitly outined.

The composition of the invention can comprises the total amount of hygroscopic
excipients, being preferably a carbohydrate or a mixture of carbohydrates, in a
relative amount between 50 and 95 wt.%, more preferably in a relative amount
between 75 and 92 wt.%, even more preferably in a relative amount between 80 and
90 wt.-%, and specifically in relative amounts of 81 or 90 wt.%.

The wt.% ratio between the total amount of hygroscopic excipients and total amount
of benzodiazepines or salts thereof in the composition — calculated for the free base -
is preferably at least 1:1, more preferably at least 2:1, 3:1 or 4:1, in particular at least
5:1, 6:1, 7:1 or 9:1. In particularly preferred embodiments the wt.% ratio between the
total amount of hygroscopic excipients and the total amount of benzodiazepines or
salts thereof, calculated for the free base, in the composition is between 1:1 and
100:1, particularly between 3:1 and 50:1, more preferably between 5:1 and 25:1, most
preferably between 7:1 and 15:1, and in the most preferred embodiment at 13:1.

In one embodiment of the invention the composition contains only hygroscopic
excipients.

In one aspect the composition of the invention has a collapse temperature above -
20.5°C, preferably above -18°and more preferably above -15.5°C.

In a further aspect the composition of the invention the collapse temperature of the
composition is increased by the addition of at least one compound with a collapse
temperature above -20°C (collapse temperature modifier).

In a further aspect the composition of the invention further comprises at least one
compound with a collapse temperature above -20°C (hereinafter called “collapse
temperature modifier”). This component is added to the composition which is then
further dried (in particular by lyophilization) to form a solid composition.

The collapse temperature modifier according to the invention can be selected from
the group consisting of a sucrose-epichlorhydrin-copolymer (such as Ficoll®), gelatine
and hydroxyethyl starch (HES) or dextran. In a preferred embodiment of the invention
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the collapse temperature modifier is HES. In yet another preferred embodiment of the
invention the collapse temperature modifier is dextran.

The collapse temperature modifier can be present within the composition of the
invention in a relative amount from 1 to 75 wt.%, more preferably in a relative amount
from 5 to 50 wt.%, even more preferably in a relative amount from 10 to 40wt.%. The
collapse temperature modifier can be identical with the hygroscopic excipient.

The term “collapse temperature” as used in the context of the present invention
relates to the temperature at which softening of a solid composition (the “cake”)
progresses to structural “collapse”, a phenomenon that can be observed by Freeze
Drying Microscopy (FDM). For a crystallizing system, collapse occurs if the lowest
eutectic melting temperature (Teu) is exceeded. For a non-crystallizing system, the
collapse temperature is determined by the glass transition temperature (Tg), which
can be e.g. measured using differential scanning calorimetry (DSC). The
determination of the collapse temperature is common knowledge of the skilled
person. Hence, for an amorphous substance the collapse temperature is given by its
glass transition temperature.

Hence the term "collapse" in particular relates to a loss of the integral structure of the
solid composition (cake) and/ or to a reduction of its volume of at least about 10%,
25%, 50%, 75%, 85%, 95% or 100%. The reduction in volume and the loss of
structural integrity can be measured using known methodologies, including but not
limited to visual inspection or Brunauer—-Emmett—Teller (BET) surface area analysis.

In one aspect of the invention the counter ion can render the salt hygroscopic. Hence
in this embodiment the salt of the benzodiazepine constitutes also the excipient.

In another embodiment of the invention the compositions according to the invention
might comprise besides the at least one hygroscopic excipient further
pharmaceutically acceptable carriers and/or excipients. The further carriers and/or
excipients must, if used, of course be acceptable in the sense of being compatible
with the other ingredients of the formulation and must not be deleterious to the
patient. Accordingly, the present invention provides in a further embodiment a
composition as hereinbefore defined and further pharmaceutically acceptable carriers
and/or excipients. The further carrier and/or excipient for example might be selected
from ascorbic acid, glycine, glycine hydrochloride, sodium chloride, sugar alcohols,
and mixtures thereof. In a preferred embodiment the further excipient is selected from
sugar alcohols, in particular Cs sugar alcohols, more preferably Cs sugar alcohols.



10

15

20

25

30

35

40

WO 2013/174883 PCT/EP2013/060543

-14 -

In the context of the invention a sugar alcohol (also known as a polyol, polyhydric
alcohol or polyalcohol) is defined as a hydrogenated form of carbohydrate, whose
carbonyl group (aldehyde or ketone, reducing sugar) has been reduced to a primary
or secondary hydroxal group).

A second aspect of the invention is a composition comprising at least one
benzodiazepine or a pharmaceutically acceptable salt thereof, wherein at least parts
of the composition are amorphous and wherein the benzodiazepine comprises at
least one carboxylic acid ester moiety. The composition can also contain crystalline
parts/compounds.

In yet another aspect of the invention the composition comprises a mixture of said
benzodiazepine with at least one hygroscopic excipient, wherein said composition is
at least in parts amorphous, but it can also contain crystalline parts.

The compositions according to the invention are in a preferred embodiment solid
composition, in particular obtained by lyophilization or spray drying. The dried
composition contains at least one compound (e.g. the excipient) in amorphous form.
In a preferred embodiment the lyophilized composition consists of a mixture of
amorphous and crystalline, in particular microcrystalline, parts/compounds. In a
preferred embodiment the crystalline part of the lyophilized solids comprises or
preferentially substantially consists of the benzodiazepine compounds or salts
thereof.

In a further embodiment of the invention, at least 50% (w/w), preferably at least 75%
(w/w), more preferably at least 90% (w/w) and most preferably at least 95% (w/w) of
the benzodiazepine within the composition is in an amorphous state. In preferred
embodiment of the invention, at least 96%, 97%, 88% or 99% (w/w) of the
benzodiazepine within the composition is in an amorphous state. In a preferred
embodiment of the invention, the composition is amorphous for at least 96%, 97%,
88% or 99%.

In one embodiment of the invention the composition contains a mixture of crystalline
and amorphous benzodiazepine or the benzodiazepine salt. In one embodiment at
least 25 %, 50-75 % or greater than 90% (w/w) of the total benzodiazepine or the
benzodiazepine salt of the composition is crystalline.

In the most preferred embodiment of the invention the benzodiazepine salt is
remimazolam besylate. When the composition contains crystalline remimazolam
besylate, in one embodiment, the crystalline polymorph (herein designated besylate
Form 1) exhibits an X-ray powder diffraction (XRPD) pattern which comprises a
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characteristic peak at about 7.3, 7.8, 9.4, 12.1, 14.1, 14.4, 14.7, or 15.6 degrees two-
theta.

Preferably the besylate Form 1 of remimazolam crystalline polymorph exhibits an
XRPD pattern which comprises characteristic peaks at about 7.3, 7.8, 9.4, 12.1, 14.1,
14.4, 14.7, and 15.6 degrees two-theta.

More preferably the besylate Form 1 crystalline polymorph exhibits an XRPD pattern
which comprises characteristic peaks at: 7.25 (10.60), 7.84 (72.60), 9.36 (12.10),
12.13 (32.50), 14.06 (48.50), 14.41 (74.30), 14.70 (50.70), 15.60 (26.90) [angle two-
theta degrees (percentage relative intensity)].

Preferably the besylate Form 1 crystalline polymorph has a differential scanning
calorimetry (DSC) onset melting temperature in the range 187-204°C, preferably
about 191-192°C.

The structure of a 2-methoxyethanol:pentyl acetate grown needle habit crystal of
Form 1 has been resolved at 190K (R factor of 6.3, example 9 of WO2008/007071
A1). Form | has a stoichiometry of 1:1 compound:besylate. Its crystallographic
asymmetric unit contains two independent compound molecules and two besylate
molecules. The two independent compound molecules are singly protonated on the
imidazole ring. The crystal structure has unit cell dimensions of a = 7.6868 A, b =
29.2607 A, ¢ = 12.3756 A, o, = 90°, B = 97.7880°, y= 90°, and a space group of P2;.
The crystal structure further features the following parameters: system: monoclinic,
volume: 2757.86 A, density: 1.439 g cm™®, absorption: 1.610 p [MoKa] (mm™), F(000):
1224. The Flack “Enantiopole” parameter was determined as 0.03. The crystal
structure is also described in more detail in Example 9 of W02008/007071 A1, and
crystallographic coordinates are given in Figure 5A to 5D (corresponding to table 17
of W0O2008/007071 A1). Bond lengths and angles for Form 1 are given in Figures 7A-
B and 8A-C, respectively (corresponding to Tables 19 and 20 of W0O2008/007071
Al).

According to the invention the composition can comprise a besylate salt of
remimazolam which is a crystalline polymorph comprising a crystal with unit cell
dimensions of a = 7.6868 A, b = 29.2607 A, ¢ = 12.3756 A, o, = 90°, B = 97.7880°, 1=
90°.

There is also provided according to the invention a composition with a besylate salt of
remimazolam which is a crystalline polymorph having a crystal structure defined by
the structural coordinates as shown in Figure 5A-D. The crystalline form preferably
has a bond lengths and angles as shown in Figures 7A-B and 8A-C, respectively.
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In a further embodiment the composition according to the invention comprises a
polymorph of the besylate salt of remimazolam (herein designated besylate Form 2),
that exhibits an XRPD pattern which comprises a characteristic peak at about 8.6,
10.5, 12.0, 13.1, 14.4, or 15.9 degrees two-theta. Preferably the besylate Form 2
crystalline polymorph exhibits an XRPD pattern which comprises characteristic peaks
at about 8.6, 10.5, 12.0, 13.1, 14.4, and 15.9 degrees two-theta.

More preferably the besylate Form 2 crystalline polymorph exhibits an XRPD pattern
which comprises characteristic peaks at: 8.64 (17.60), 10.46 (21.00), 12.03 (22.80),
13.14 (27.70), 14.42 (11.20), 15.91 (100.00) [angle two-theta degrees (percentage
relative intensity)].

Preferably the besylate Form 2 crystalline polymorph has a differential scanning
calorimetry (DSC) onset melting temperature in the range 170-200°C, preferably
about 180°C.

The structure of an ethanol:ethyl acetate grown plate habit crystal of Form 2 has been
resolved at 190K (R factor of 3.8, example 10 of W0O2008/007071 A1). Form 2 has
stoichiometry of 1:1 compound:besylate. Its crystallographic asymmetric unit contains
one compound molecule and one besylate molecule. The compound molecule is
singly protonated on the imidazole ring. The crystal structure has unit cell dimensions
ofa=8.92130 A, b=11.1536 A, c = 25.8345 A, o, = 90°, B = 90°, y= 90°, and a space
group of P2,2,2,. The crystal structure further features the following parameters:
system: orthorhombic, volume: 2570.65 A, density: 1.544 g cm™, absorption: 1.727 p
[MoKa] (mm™), F(000): 1224. The Flack “Enantiopole” parameter was determined as
0,011. The crystal structure is described in more detail in Example 10 of
WQ02008/007071 A1, and crystallographic coordinates are given in Figure 6A-C
(corresponding to Table 18 of WO2008/007071 A1). Bond lengths and angles for
Form 2 are given in Figures 9 and 10, respectively (corresponding to Tables 21 and
22 of WO2008/007071 A1).

According to the invention there is provided a composition with a besylate salt of
remimazolam, which is a crystalline polymorph comprising a crystal with unit cell
dimensions of a=8.92130 A, b = 11.1536 A, c = 25.8345 A, a. = 90°, B = 90°, y= 90°.

There is also provided according to the invention a composition with a besylate salt of
remimazolam which is a crystalline polymorph having a crystal structure defined by
the structural coordinates as shown in Figure 6A-C. There is further provided
according to the invention a composition with a besylate salt of remimazolam with
bond lengths and angles as shown in Figures 9 and 10, respectively.
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There is further provided according to the invention a composition with a crystalline
polymorph of a besylate salt of remimazolam (herein designated besylate Form 3),
that exhibits an X-ray powder diffraction (XRPD) pattern which comprises a
characteristic peak at about 7.6, 11.2, 12.4, 14.6, 15.2, 16.4, or 17.7 degrees two-
theta. Preferably the besylate Form 3 crystalline polymorph exhibits an XRPD pattern
which comprises characteristic peaks at about: 7.6, 11.2, 12.4, 14.6, 15.2, 16.4, and
17.7 degrees two-theta.

More preferably the besylate Form 3 crystalline polymorph exhibits an XRPD pattern
which comprises characteristic peaks at: 7.61 (65.70), 11.19 (33.20), 12.38 (48.70),
14.63 (30.60), 15.18 (33.20), 16.40 (29.60), 17.68 (51.30) [angle two-theta degrees
(percentage relative intensity)].

Preferably the besylate Form 3 crystalline polymorph has a differential scanning
calorimetry (DSC) onset melting temperature in the range 195-205°C, preferably
about 200-201°C.

There is further provided according to the invention a composition with a crystalline
polymorph of a besylate salt of remimazolam (herein designated besylate Form 4),
that exhibits an XRPD pattern which comprises a characteristic peak at about 7.6,
10.8, 15.2, 15.9, or 22.0 degrees two-theta. Preferably the besylate Form 4 crystalline
polymorph exhibits an XRPD pattern which comprises characteristic peaks at about:
7.6,10.8, 15.2, 15.9, and 22.0 degrees two-theta.

Preferably the besylate Form 4 crystalline polymorph exhibits an XRPD pattern which
comprises characteristic peaks at: 7.62 (83.50), 10.75 (14.70), 15.17 (37.80), 15.85
(28.70), 22.03 (100) [angle two-theta degrees (percentage relative intensity)].

Preferably the besylate Form 4 crystalline polymorph has a differential scanning
calorimetry (DSC) onset melting temperature in the range 180-185°C, preferably
about 182°C.

The besylate Forms 1 to 4 may be prepared and crystallised by using the methods
and solvents disclosed in WO 2008/007071 A1.

A preferred salt is the besylate Form 1 based on the robustness of formation, yield,
purity and chemical and solid form stability.



10

15

20

25

30

35

WO 2013/174883 PCT/EP2013/060543

-18 -

In one embodiment of the invention the composition comprises a mixture of Forms 1,
2, 3 and 4. However compositions with only one of the Forms 1 to 4 are possible.

In another preferred embodiment of the invention the benzodiazepine salt is
remimazolam esylate. When the composition contains crystalline remimazolam
esylate, in one embodiment, the crystalline polymorph (herein designated esylate
Form 1) exhibits an X-ray powder diffraction (XRPD) pattern which comprises a
characteristic peak at about 6.2, 9.2, 12.3, 15.0, 17.2, or 20.6 degrees two-theta.

Preferably the esylate Form 1 crystalline polymorph exhibits an XRPD pattern which
comprises characteristic peaks at about 6.2, 9.2, 12.3, 15.0, 17.2, and 20.6 degrees
two-theta.

More preferably the esylate Form 1 crystalline polymorph exhibits an XRPD pattern
which comprises characteristic peaks at: 6.17 (19.30), 9.21 (20.50), 12.28 (16.40),
14.97 (23.40), 17.18 (52.80), 20.63 (100.00) [angle two-theta degrees (percentage
relative intensity)].

Preferably the esylate Form 1 crystalline polymorph has a differential scanning
calorimetry (DSC) onset melting temperature in the range 195-205°C, preferably
about 201-202°C.

There is further provided according to the invention a crystalline polymorph of an
esylate salt of a compound of formula (l) (herein designated esylate Form 2) that
exhibits an X-ray powder diffraction (XRPD) pattern which comprises a characteristic
peak at about 3.6, 6.4, 7.1, 12.3, 14.1, or 17.1 degrees two-theta.

Preferably the esylate Form 2 crystalline polymorph exhibits an XRPD pattern which
comprises characteristic peaks at about 3.6, 6.4, 7.1, 12.3, 14.1, and 17.1 degrees
two-theta.

More preferably the crystalline polymorph exhibits an XRPD pattern which comprises
characteristic peaks at: 3.57 (15.60), 6.42 (21.10), 7.13 (58.30), 12.29 (51.50), 14.10
(58.90), 17.13 (68.00) [angle two-theta degrees (percentage relative intensity)].

Preferably the esylate Form 2 crystalline polymorph has a differential scanning
calorimetry (DSC) onset melting temperature in the range 185-195°C, preferably
about 190-191°C.
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The esylate Forms 1 and 2 may be prepared and crystallised by using the methods
and solvents disclosed in WO 2008/007081 A1

A preferred salt is the esylate Form 1 based on the robustness of formation, yield,
purity and chemical and solid form stability.

In one embodiment of the invention the composition comprises a mixture of Forms 1,
and 2. However compositions with only one of the Forms 1 or 2 are possible.

The lyophilized form of the composition according to the invention is preferably used
for storage of the compositions.

The solid form of the compositions, in particular the lyophilized or spray dried solids,
preferably show very good storage stability. In a preferred embodiment, they show
degradation of the benzodiazepine, in particular hydrolysis of the carboxylic ester
moiety, of less than 1 % during storage for 13 weeks, in particular at storage
conditions of 40°C/75%RH.

The solid, in particular lyophilized or spray dried, compositions according to the
invention in a preferred embodiment maintain a room temperature shelf life of at least
one year, more preferably of at least two years, in particular of at least three years.
They further comprise in a preferred embodiment less than 5 wt.% of water,
preferably less than 2 wt.% of water, more preferably less than 1 wt.% of water.

In the solid, in particular lyophilized or spray dried, compositions according to the
invention the total amount of benzodiazepines or salts thereof and hygroscopic
excipients preferably sums up to at least 50 wt.%, more preferably at least 70 wt.%, in
particular at least 90 wt.% of the composition.

In another preferred embodiment the compositions according to the invention are in
liquid form, more preferably aqueous solutions. The liquid form is on the one hand
used for the preparation of the lyophilized or spray dried solids, and on the other hand
obtained by solubilization of the lyophilized or spray dried solids when transforming
the lyophilized composition into a suitable pharmaceutically applicable solution.

The liquid contains the reconstituted solid benzodiazepine as free base preferably in
an amount of between 0.5 and 30 mg/ml, more preferably in an amount of between 1
and 20 mg/ml, in particular in an amount of between 2 and 10 mg/ml.

Further subject of the present invention is a pharmaceutical comprising a composition
according to the invention.
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Subject of the invention is therefore also a method of manufacturing a composition or
pharmaceutical composition according to the invention, wherein the composition or
pharmaceutical composition is in the solid state, comprising the following steps:

a) providing a solution comprising at least one benzodiazepine with at least one
carboxylic acid ester moiety or a pharmaceutically acceptable salt thereof (in
particular remimazolam salt) as hereinbefore described and at least one
pharmaceutically acceptable hygroscopic excipient or mixtures of at least two
hygroscopic excipients as hereinbefore described, wherein the solution is
preferably an aqueous solution and wherein the solution preferably possesses
a pH of between 2 and 7, preferably 2 and 5 and more preferably 2 and 4;

b) lyophilizing the solution according to (a).

In a preferred embodiment the lyophilisation time of step b) is less than 120 hours,
preferably less than 100 hours, more preferably less than 80 hours and even more
preferably less than 70 hours, and specifically 66 hours or even lower.

Preferably the solid composition resulting from step b) is reconstituted to a liquid
pharmaceutical composition in a further step c¢). Reconstituting the solid composition
as of step b) favourably is possible in less than 5 min, less than 3 min, most
favourably is less than 1 minute. For reconstitution physiological saline (0.9 wit%
sodium chloride) can be used.

In yet another embodiment of the invention the lyophilisation of step b) can be
replaced by spray-drying.

Further subject of the invention is therefore also a method of providing a composition
or pharmaceutical according to the invention, wherein the composition or
pharmaceutical is in the liquid state, comprising the step of solubilizing a composition
according to the invention, wherein the starting composition is in the solid, preferably
lyophilized or spray dried, state and wherein the starting composition is preferably at
least in part amorphous. Solubilization of the solid, preferably lyophilized or spray
dried, composition is preferably carried out with water, an aqueous solution of
dextrose or saline solutions.

The composition according to the invention, in particular the pharmaceutical, is
preferably presented in unit dosage forms such as ampoules or disposable injection
devices like syringes. It may also be presented in multi-dose forms such as a bottle or
vial, from which the appropriate dose may be withdrawn. All such formulations should
be sterile. In a preferred embodiment of the invention the ampoules, injection devices
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and multi-dose forms contain the composition according to the invention, in particular
the pharmaceutical, in solid, preferably lyophilized or spray dried, form, and the
compositions are transformed into ready-to-use pharmaceuticals by solubilization of
the compositions only shortly before their use.

The formulations according to the invention include those suitable for oral, rectal,
topical, buccal (e.g. sub-lingual) and parenteral (e.g. subcutaneous, intramuscular,
intradermal or intravenous) administration. It is preferred to present compositions of
the present invention in the form of a pharmaceutical formulation for parenteral
administration, most preferable for any type of injection, in particular for intravenous,
intraarterial, intralumbar, intraperitoneal, intramuscular, intradermal, subcutaneous or
intraosseal injection.

Where the pharmaceutical formulation is for parenteral administration, the formulation
may be an aqueous or non-aqueous solution or mixture of liquids, which may contain
bacteriostatic agents, antioxidants, buffers or other pharmaceutically acceptable
additives. The preferred formulation of compositions of the present invention is either
an aqueous acidic medium of pH 2-7, preferably 2-5 and more preferably 2-4 or an
aqueous solution of a cyclodextrin. Cyclodextrins that can be used for these
formulations are either the negatively charged sulfobutylether (SBE) derivatives of 8-
CD, specifically SBE7-B8-CD, marketed under the tradename Captisol by CyDex, Inc.
(Critical Reviews in Therapeutic Drug Carrier Systems, 14 (1), 1-104 (1997)), or the
hydroxypropyl CD's. The preferred method of formulation (i.e., acid buffer or CD-
based) may depend on the physicochemical properties (e.g., aqueous solubility, pKa,
etc.) of a particular composition. When the composition is in the solid, in particular
lyophilized, state, the solid is correspondingly preferably solubilized before its
application in either an aqueous acidic medium preferably resulting in a pH 2-4 of the
solution or in an aqueous solution of a cyclodextrin.

According to one aspect of the invention a solid pharmaceutical composition is
provided. This composition can comprise 5 to 25% wt.% of remimazolam salt,
preferably besylate salt, preferably 8 to 23 wt.%, even more preferred 10 to 19 wt.%.

This composition can further comprise 75 to 95 wt.% of one or more hygroscopic
excipients, preferably 77 to 92 wt.% and more preferably 81 to 90 wt.%. The
hygroscopic excipients preferably is a mixture of carbohydrates, comprising at up to
40% lactose, 38 wt.%, more preferably up to 33 wt.% disaccharide, preferably
lactose. The rest of the mixture can be dextran.

In one embodiment the solid composition as outlined above contains no further
excipients. In yet another embodiment the solid composition consists of remimazolam
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salt, dextran and a dissaccharide (e.g. lactose) only. In yet another embodiment the
sormulation consits only of remimazolam salt and lactose (this might be presented as
a hydrate).

In another embodiment the composition is a liquid composition consisting of
remimazolam, dextran, a disaccharide and a solvent, which preferably is physilogical
saline (0.9 wt.% sodium chloride). The pH value of such liquid (aqueous) composition,
being preferably reconstituted from the solid composition, can range from about 3 to
about 4, preferably from about 3.2 to about 3.3 and more preferably from 3.21 to 3.28.

Accordingly, the present invention also provides a method for producing sedation or
hypnosis in a mammal, which comprises administering to the mammal an effective
sedative or hypnotic amount of a pharmaceutical of the present invention as
hereinbefore defined. The present invention also provides a method for inducing
anxiolysis in a mammal, which comprises administering to the mammal an effective
anxiolytic amount of a pharmaceutical of the present invention as hereinbefore
defined. The present invention also provides a method for inducing muscle relaxation
in a mammal, which comprises administering to the mammal an effective muscle
relaxant amount of a pharmaceutical of the present invention as hereinbefore defined.
The present invention also provides a method for treating convulsions in a mammal,
which comprises administering to the mammal an effective anticonvulsant amount of
a pharmaceutical of the present invention as hereinbefore defined. The present
invention also provides a method for inducing or maintaining anesthesia in a
mammal, which comprises administering to the mammal an effective anesthetic
amount of a pharmaceutical of the present invention as hereinbefore defined.

The present invention also provides the use of a sedative or hypnotic amount of a
composition of the present invention as hereinbefore defined in the manufacture of a
medicament for producing sedation or hypnosis in a mammal, including in a human.
The present invention also provides the use of an anxiolytic amount of a composition
of the present invention as hereinbefore defined in the manufacture of a medicament
for producing anxiolysis in a mammal, including in a human. The present invention
also provides the use of a muscle relaxant amount of a composition of the present
invention as hereinbefore defined in the manufacture of a medicament for producing
muscle relaxation in a mammal, including in a human. The present invention also
provides the use of an anticonvulsant amount of a composition of the present
invention as hereinbefore defined in the manufacture of a medicament for treating
convulsions in a mammal, including in a human. The present invention also provides
the use of an anesthetic amount of a composition of the present invention as
hereinbefore defined in the manufacture of a medicament for inducing or maintaining
anesthesia in a mammal, including in a human.
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The present invention also provides the use of a pharmaceutical according to the
invention for producing sedation or hypnosis and/or inducing anxiolysis and/or
inducing muscle relaxation and/or treating convulsions and/or inducing or maintaining
anaesthesia in a mammal.

Intravenous administration can take the form of bolus injection or, more appropriately,
continuous infusion. The dosage for each subject may vary, however, a suitable
intravenous amount or dosage of the compounds of the present invention to obtain
sedation or hypnosis in mammals would be 0.01 to 5.0 mg/kg of body weight, and
more particularly, 0.02 to 0.5 mg/kg of body weight, the above being based on the
weight of the compound which is the active ingredient (i.e. the weight of the
benzodiazepine). A suitable intravenous amount or dosage of the compounds of the
present invention to obtain anxiolysis in mammals would be 0.01 to 5.0 mg/kg of body
weight, and more particularly, 0.02 to 0.5 mg/kg of body weight, the above being
based on the weight of the compound which is the active ingredient. A suitable
intravenous amount or dosage of the compounds of the present invention to obtain
muscle relaxation in mammals would be 0.01 to 5.0 mg/kg of body weight, and more
particularly, 0.02 to 0.5 mg/kg of body weight, the above being based on the weight of
the compound which is the active ingredient. A suitable intravenous amount or
dosage of the compounds of the present invention to treat convulsions in mammals
would be 0.01 to 5.0 mg/kg of body weight, and more particularly, 0.02 to 0.5 mg/kg
of body weight, the above being based on the weight of the compound which is the
active ingredient. Thus a suitable pharmaceutical parenteral preparation for
administration to humans will preferably contain 0.1 to 20 mg/ml of a compound of the
present invention in solution or multiples thereof for multi-dose vials.

A yet another aspect of the invention relates to the use of a mixture of at least one
disaccharide and at least dextran for preparing a solid composition comprising at
least one benzodiazepine comprising at least one carboxylic acid ester moiety or a
pharmaceutically acceptable salt thereof, which is preferably a remimazolam salt
(particularly its besylate or tosylate salt). Preferably the mixture contains or consists
of lactose and dextran, preferably a dextran with 80 kD or less (e.g. dextran 40 or
dextran 70). The solid composition has a favourable reconstitution time.

Particularly, the invention relates to the following embodiments:

In the embodiment 1, the invention relates to a composition comprising at least one
benzodiazepine comprising at least one carboxylic acid ester moiety or a
pharmaceutically acceptable salt thereof, wherein the composition

a) comprises at least one pharmaceutically acceptable hygroscopic excipient,
and /or
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b) the composition is at least in part amorphous.

Embodiment 2 relates to a composition according to embodiment 1, wherein the
benzodiazepine is a compound according to formula (l)

| R° R
N w
(Y)m OR!
RS —N (X)n
N\ 0
(@),

wherein

W is H, a C4-C,4 branched or straight chain alkyl;

X is CH,, NH, or NCHj5; nis 1 or 2;

YisOorCH,;;misOor1;

ZisO;pisOori;

R' is a C;-C; straight chain alkyl, a C5-C; branched chain alkyl, a C;-C, haloalkyl, a
Cs-C; cycloalkyl, an aryl, a heteroaryl, an aralkyl, or a heteroaralkyl;

R? is phenyl, 2-halophenyl or 2-pyridyl,

R%is H, Cl, Br, F, I, CF3, or NO5;

(1) R*is H, a C;-C, alkyl, or a dialkylaminoalkyl and R® and R® together represent a
single oxygen or S atom which is linked to the diazepine ring by a double bond and p
is zero or 1; or (2) R* and R® together is a double bond in the diazepine ring and R°®
represents the group NHR’ wherein R’ is H, Cy4 alkyl, C;.4 hydroxyalkyl, benzyl or
benzyl mono or disubstituted independently with halogen substituents, C,.4 alkylpyridyl
or C,, alkylmidazolyl and p is zero; or (3) R*, R® and R® form the group-CR®=U-V=
wherein R®is hydrogen, C+.4 alkyl or C.5 hydroxyalkyl, U is N or CR® wherein R® is H,
Ci.4 alkyl, C4.5 hydroxyalkyl or C4 alkoxy, V is N or CH and p is zero.

Embodiment 3 relates to a composition according to embodiment 2, wherein p is zero
and R*, R® and R°® form the group -CR°=U-V= wherein R® is hydrogen, C1.4 alkyl or C.
s hydroxyalkyl, U is N or CR® wherein R® is H, C,, alkyl, C.; hydroxyalkyl or Ci.
alkoxy, V is N or CH.

Embodiment 4 relates to a composition according to embodiment 2 or 3, wherein W is
H; Xis CHs, nis 1; Yis CH,, mis 1;
R1 is CH3, CHQCHs, CHQCHQCHs, CH(CH3)2 or CHQCH(CHs)Q,
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R? is 2-fluorophenyl, 2-chlorophenyl or 2-pyridyl;
R%is Cl or Br.

Embodiment 5 relates to a composition according to any of embodiments 2 to 4,
wherein p is zero and R*, R® and R® form the group -CR°=U-V= wherein R® is methyl,
Uis CH,, Vis N;

WisH; Xis CHs, nis 1; Y is CHy, mis 1;

R1is CH3; R2 is 2-pyridyl; R3 is Br.

Embodiment 6 relates to a composition according to any of the embodiments 1 to 5,
wherein the benzodiazepine is in the form of a pharmaceutically acceptable salt.

Embodiment 7 relates to a composition according to any of the embodiments 1 to 6,
wherein in the pharmaceutically acceptable salt the benzodiazepine is formulated in
cationic form and the counter ion is selected from halogenides, in particular fluoride,
chloride or bromide, sulfate, organic sulfates, sulfonate, organic sulfonates, nitrate,
phosphate, salicylate, tartrate, citrate, maleate, formiate, malonate, succinate,
isethionate, lactobionate and sulfamate.

Embodiment 8 relates to a composition according to embodiment 7, wherein the
counter ion is selected from organic sulfates and sulfonates, in particular aromatic
sulfates and sulfonates.

Embodiment 9 relates to a composition according to embodiment 8, wherein the
counter ion is benzene sulfonate (besylate).

Embodiment 10 relates to a composition according to embodiment 9, wherein the
benzodiazepine salt is crystalline remimazolam besylate.

Embodiment 11 relates to a composition according to any of the embodiments 1 to
10, wherein the hygroscopic excipient is a compound which is able to form stable
hydrates.

Embodiment 12 relates to a composition according to any of the embodiments 1 to
11, wherein the hygroscopic excipient is an organic substance, preferably selected
from carbohydrates and/or organic polymers.

Embodiment 13 relates to a composition according to embodiment 12, wherein the
hygroscopic excipient possesses a molecular weight of less than 150 kD.
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Embodiment 14 relates to a composition according to embodiment 12 or 13, wherein
the carbohydrate is a dextran molecule.

Embodiment 15 relates to a composition according to embodiment 12 or 13, wherein
the carbohydrate is selected from monosaccharides and C. ¢-oligosaccharides.

Embodiment 16 relates to a composition according to embodiment 15, wherein the
carbohydrate is a disaccharide, preferably selected from the group consisting of
lactose, maltose, sucrose and trehalose.

Embodiment 17 relates to a composition according to embodiment 12, wherein the
organic polymer is a polyvinylpyrrolidone and preferably possesses a molecular
weight of between 5 and 40 kD.

Embodiment 18 relates to a composition according to any of the embodiments 1 to
17, wherein the wt.% ratio between the total amount of hygroscopic excipients and
the total amount of benzodiazepines or salts thereof in the composition is at least 1:1,
preferably at least 2:1, most preferably at least 5:1.

Embodiment 19 relates to a composition according to any of the embodiments 1 to
18, wherein the composition is in the solid state and is preferably a lyophilized solid.

I. STABILITY OF CNS7056; FOMULATIONS WITH SELECTED EXCIPIENTS

1. Formulations

A total of 11 formulations of the besylate salt of remimazolam with a selection of
suitable excipients as detailed in Figure 1 and 2 were lyophilized. In addition a
formulation containing the besylate salt of remimazolam alone and matching placebos
for each formulation were also prepared (see Figure 3). In the following the
abbreviation “REM” is used for the besylate salt of remimazolam.

Each formulation was prepared as follows and filled into vials prior to freeze drying:
Exicipient was dissolved in approximately 50 ml water. REM was added and stirred to
dissolve. Once dissolved the pH of the solutions was adjusted to 3.10 £+ 0.05 with 0.5
M hydrochloric acid/ 2 M sodium hydroxide. Placebo solutions and the solution
containing REM alone were prepared in the same manner. Each solution was made
up to 100 ml and 1.2 ml of each solution was aliquoted into 2 ml vials. The
formulations were lyophilized using a Virtis Genesis 25 EL freeze dryer according to
the following cycle:
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Freezing steps

Step Temperature Time Pressure Hold/Ramp
(°C) (minutes) (mTorr)

1 4 10 -- H

2 -45 490 -- R

3 -45 170 -- H

Drying steps

Step Temperature Time Pressure Hold/Ramp
(°C) (minutes) (mTorr)

1 -45 10 100 H

2 -25 200 100 R

3 -25 3640 100 H

4 30 275 70 R

5 30 1300 70 H

After freeze drying the samples were stored in storage cabinets at 25°C/60%RH and
at 40°C/75%RH for 13 weeks, respectively. (“RH” means relative humidity.)

Analysis

a) Reconstitution time

After 13 weeks of storage the vials were reconstituted in duplicate with 1.2 ml of water
for irrigation/injection and swirled gently to mix. The time taken for complete
dissolution was recorded.

b) HPLC

For HPLC each vial was reconstituted with sample solvent (50/50 % v/v
acetonitrile/water) and the contents transferred to a 25 ml volumetric flask (with
exception of REM only vial, which was transferred to a 50 ml volumetric flask) with
several rinsings. The dextran formulation was insoluble in sample solvent and was
diluted in 100% water. For each formulation a placebo was also analysed in the same
way. Analyses were performed in duplicate, unless otherwise stated.

Results

a) Reconstitution time
Reconstitution time was acceptable for all samples.

b) HPLC
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The investigation of the emergence of the hydrolysis degradant of REM (results are
summarized in Figure 4), which is formed by hydrolysis of the ester bond, revealed
that the sample with REM only as well as the sample containing mannitol, which is a
commonly used excipient for lyophilization of pharmaceuticals, exhibited only poor
stability of REM, showing a degradation after 13 weeks at storage conditions of
40°C/75%RH of more than 8 %.

Samples containing glycine showed moderate degradation, whereas all samples
containing hygroscopic excipients (carbohydrates or polyvinylpyrrolidone) showed
good or excellent stability. In particular the samples containing carbohydrates
(disaccharides or dextran) showed excellent stability, i.e., a degradation after 13
weeks at storage conditions of 40°C/75%RH of less than 1 %.

The samples with differing amounts of lactose revealed that the greater the amount of
carbohydrate relative to the amount of REM, the better the stability of the REM.
Further by incorporating a carbohydrate (e.g. lactose) as a component of a
formulation of CNS 7056 that is inherently unstable e.g. mannitol it is possible to
improve the stability of this formulation.

2. Stability data of CNS 7056: lactose based formulation batches after storage
for up to 36 months

2.1 Introduction

CNS 7056 is presented for clinical use as a sterile lyophilized powder for
reconstitution in 20 mL vials with a Bromobutyl stopper, suitable for intravenous
injection. Each vial contains 26 mg of CNS 7056. During development further batches
with 25, 23 and 26 mg of CNS 7056 have been prepared. On reconstitution with a
defined volume of Water for Injection, the concentration of the dose solution is
5mg/mL CNS7056. All these products contain the same CNS 7056 to lactose ratio in
the lyophilized product (i.e. 1:13 CNS 7056: lactose monohydrate). Stability data were
collected for all intervals through the month shown in bold in the following Table 1:

Table 1: Summary of Stability studies for CNS 7056 batches
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“Summary of CNS 7056 for Injection on Stability

'Storage | | TestInterval

Batch " Conditions Type of Batch {Months)

AG1P310  25°C/B0% RH | GMP clinical batch | stability 0,1,3,6 9 12 18, 24 36° 48°
130 °C/65% RH 0,1,3 6,012 N
40°C/75% RH 01,36

'P310-01 (B) |25°C/60% RH | Lab development batch, stability |0, 1, 3,6, 9, 12, 18 7
30 °C/B5% RH 06912
40 °C/75% RH | 10,1,8,6,0,12 )

025CNS27 |25 °C/60% RH | Lab development batch, stability |0, 1, 2, 3,6, 9, 12, 187 |

| 40 °CI75% RH [0,1,2,3,86,12° e

[026CNS27 25°C/60% RH | Lab development batch, stebility : 0,7,2,3,6,9,12,18%
40°CIT5% RH 0,1,2,36

G384 25°C/80% RH | Lab development batch, stability |0, 1,2, 3,6,9, 12, 18%
40°C/75%RH | [0,1,2,3,6° |

PO2308 | 25°C/60% RH | GMP clinical batch, stabiiity 0,12 386,09, 12, 18, 24, 36", 48°
40°CI7T5% RH | 10,1,2,36.912

"= Stability test interval added. Test vials taken from remaining spare vials at specified temperature.

” = Btability 'sf(udies on 0Z5CNS27, D26C0ONMS27 and G384 are now complete

° = Optional time points

211

CNS 7056 batch composition

Table 2 Composition of the different CNS7056 batches

Substance Batch #

025CNS27 | 026CNS27 G384 P02308 P310-01(B) AQ1P310
CNS7056 25 mg 25mg 25mg 23 mg 26 mg 26 mg
base
Lactose 433 mg 433 mg 433 mg 398 mg 450.3 mg 450.3 mg
monohydrate
0.12 M gstopH 3.1 |gstopH 3.1 |gstopH 3.1 | gstopH 3.1 | gstopH 3.1 | gs to pH 3.1
NaOH/ 0.12
M HCI

gs = to add sufficiently quantity to

2.1.2 Freeze drying conditions
The freeze drying conditions for the batches are given in the following tables 3 to 7:

Table 3: Freeze drying cycle for batch 025CNS27:
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Ste Process Shelf temperature Ramp rate Hold time Pressure
P (°C) (°Cimin) (min) {mTorr)
1 Load 4 0 30 r/a
2 | Freezing -45 0.1 180 n/a
3 Primary drying -25 0.1 1700 100
Sacondary 30
4 dryin 0.2 1300 75
§ | Finish Vials stoppered under 95% pure nitrogen
Table 4: Freeze drying cycle for batch 026CNS27:
St Process Shelf temperature Ramp rate Hold time Pressure
", °C) {°Cimin) (min) {mTorr)
1 l.oad 4 0 120 n/a
2 | Freezing -45 0.1 300 nfa
3 Primary drying -30 0.1 2885 100
4 Primary drying -25 0.2 4100 100
Secondary 30
4 drying 02 1580 75
5 | Finish Vials stoppered under 95% pure nitrogen
Table 5: Freeze drying cycle for batch G384:
Step Process Shelf temperature Ramp rate Hold time Pressure
: S (°Clminy {min} {(mTaorr)
1 Load 4 0 10 nfa
2 | Freszing -45 0.1 300 nfa
3 Primary drying -25 0.1 3640 100
Secondary 30
4 drying 02 1125 70
5 | Finish Vials stoppered under 95% pure nitrogen
Table 6: Freeze drying cycle for batch P02308:
Ste Process Shelf temperature Ramp rate Hold time Pressure
P °C) (°Clmin) (min) (mTorr)
1 Load 4 0 60 nfa
2 Freezing -45 0.1 180 nia
3 Primary drying =25 0.1 3640 100
Secondary 30
4 |q rying 0.2 | 1300 75
§ | Finish Vials stoppered under 95% pure nitrogen

Table 7: Freeze drying cycle for batch AQ1P310:
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- L G M"Tﬂv PREY e M . 'k . NP . —
a4 ] Procass Shelf temperature Ramp rate Hold time® | . Pressure
tep CC) ccmin) | (min) | (mTom)
1 | Load ; 4 oo 60 nia
2 | Freezing | 45 0.1 ; 2100 na
3 | Primary drying 26 01 3640 100
4 | Secondary | 30 02 1300 75
Ldryi ng '
5 | Finish Z Vials stoppered under 85% pure nitrogen
"= ‘im:-Ludr:zs *ﬂ win for condenser mepardmn '

2.2 Methods of analysis

2.2.1 Appearance of Lyophilized Product

The same CNS 7056 vials (6 at each storage condition) were inspected visually, the
appearance recorded and the vials placed back on storage. A comparison was also
made to a set of vials that had been stored in the same secondary packaging at 2 to
8°C to assess whether thee were any differences (in particular in colour) between
these controls and those stored at elevated temperatures.

2.2.2 CNS7056 vial content, concentration on reconstitution and related
substances

The CNS7056 assay and related substances determination was determined by
HPLC). For this purpose, the appropriate volume of WFI| was added to each vial and
swirled until complete dissolution was achieved. The seal and the stopper were
carefully removed and the stopper was rinsed thoroughly into a 100 ml volumetric
flask. The contents of the vial with washings of diluent were transferred to a
volumetric flask. The diluent was added to reach a volume of 100 mL (equals a
concentration of 0.23, 0.25 or 0.26 mg/mL, respectively). The sample were analysed
by HPLC by using the following conditions:

Column: YMC ODS-AQ, 250 x 4.6 mm, 3 pm particle size
Mobile phase: Res A: 0.01% trifluoroacetic acid in water
Res B: 0.01% trifluoroacetic acid in acetonitrile

Gradient:
Time (mins) %A %B
0 75 25
20.0 60 40
30.0 20 80
32.0 20 80
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32.5 75 25
40.0 75 25
Flow rate: 1.0 ml/min
Column temperature: 40°C
Autosampler: ambient
Detection: UV at 230 nm
Injection volume: 10ul
Run time: 40 min

The retention time for CNS7056 is about 15 minutes. The CNS 7056 content was
assayed by comparison with similarly chromatographed reference solutions. Related
substances were determined by normalised area %.

The concentration of the reconstituted solution is calculated by the following equation:

CHSIHE6 base (g} = !f sarriphe peak ared , ";; ; R fsml . MWL CNg ?[]‘ié: bﬁ% . o < OF
|, moan pak m-;mi»% theossphoat run J 20 B CME TOSGR 119]

w e ;

Wy st Vi the wlpht of OWNE 70368 refercnce material used to prepaved standard 1 {mg)

MWL OIS 7056 base s the modecudar weight of the See base of OS50 4303

MW OIS POI6E I5 the meolecular welght of CRETH5S besylatesali= 597.3

£ is the declared azsay a8 per the O ol A Ly The cefioronce standand

BF ia e dilapon factor

The vial content is calculated according to the following formula:

CINS7IS6 base fmgh ! sarrple pakeares b Ry ubici ol A

|, mAl gk A sidg thesephout run 50 MW CRE TR 1080

whene
W skl Vis the weight of CNE 78568 refercnee material used o prepaved standand 1(mg)
MWL CME 7056 bage s the molecsdar weipht of the fae bae of ONE 0564303

MW CME FIF6R iz the maleeubis velght of THET0HS besylate sl = 5973

£ is the declared pssay a3 per e C o A for the cefinrenee standand

¥ 35 the dilation fackor

For determination of related substances CNS7056 is identified by comparison of the
retention time to that of CNS7056 in the reference standard chromatograms. The
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amount of each individual detected related substance is calculated as area percent
for each sample injection according to the following formula:

7oA
Arca%h = (2 |x 100
. I 4
Where, A = yrea of the related substance peak

T =~ total area of all peaks in the chromatogram

2.2.3 Chiral purity
The chiral purity of CNS 7056 was determined by HPLC by using the following
conditions:

Column: Chiralpak IC, 250 x 4.6 mm, 5um particle size

Mobile phase: phosphate buffer pH 7.0/water/acetonitrile 10/40/50, v/v/iv
Sample solvent: water/acetonitrile 50/50, v/v

Flow rate: 0.7 ml/min

Column temperature: 40°C

Autosampler: ambient

Detection: UV at 250 nm

Injection volume: 10 pl

Run time: 35 minutes

The retention time for the CNS 7056 S-enantiomer is about 21.3 min and for CNS
7056 R-enantiomer is about 17.8 min (RRT = 0.84).The chiral purity is calculated
according to the following formula:

A
Area% = |-— |x100
rea % (T)

where A = areaof R - CNS 7056 peak
T = total area of the CNS 7056 and the R - CNS 7056 peaks

2.2.4 Volume of solution in vial following reconstitution (Ph.Eur 2.9.17)

A single vial was reconstituted with 5.0 ml of Water for Injection (WFI), Ph. Eur. using
a 5 ml BD syringe fitted with a suitable needle. When fully reconstituted, the contents
were removed using a syringe and 21 gauge needle and transferred to a calibrated
10 ml measuring cylinder.

2.2.5 Appearance of reconstitution
The appearance of the solution following reconstitution was recorded.
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2.2.6 Reconstitution time

Two vials were reconstituted with 5.0 mL of Water for Injection (WFI), Ph. Eur., using
a 5 ml BD syringe and appropriate needle, and the time taken to fully dissolve
recorded.

2.2.7 pHvalue

The pH was determined on two reconstituted solutions following addition of 5.0 mL
Water for Injection (WFI), Ph. Eur., using a 5 ml BD syringe fitted with a suitable
needle. The pH was measured on one aliquot from each of the two vials.

2.2.8 Osmolality

The osmolality was determined on the two reconstituted solutions following addition of
5.0 mL Water for Injection (WFI), Ph. Eur., using a 5 ml BD syringe fitted with a
suitable needle. Osmolality was measured on one aliquot from each of the two vials
by freezing point depression with reference to a solution of known Osmolality. For this
purpose 100pl of the reconstituted CNS 7056 solution is measured in a freezing point
depression osmometer.

2.2.9 Water content

The water content was determined by coloumetric Karl Fischer titration. The moisture
content of vials of CNS 7056 drug product is determined by dissolving the entire
contents of a vial of CNS 7056 lyophilised powder in anhydrous dimethylformamide
(DMF) and injecting a known volume of the solution into the anolyte of a coloumetric
Karl Fischer apparatus. In the Karl Fischer reaction, water reacts in a 1:1 ratio with
iodine. The amount of water is determined by measuring the number of coulombs of
electricity required to oxidise iodide ions to the iodine required for the Karl Fischer
reaction. The number of Coulombs is used to calculate the amount of water titrated in
Hg, which is displayed by the apparatus.

The following equipment and reagents were used:
Karl-Fischer titratus apparatus: Mitsubishi CA-100
Anolyte: Hydranal Coulomat AG
Catholyte: Hydranal Coulomat CG

The water content of CNS7056 lyophilised powder is calculated according the
following formula:
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‘ . A le- Ivent slvent/DSolvent
Moistare per vial (mg) = (Msample - Msolvent) X .(Wsalve?nv .Solven)
1000 Viitration
Moisture, %w/w = Moisture per vial x 100
(Svial)
Where;
Msample = amount of water in the sample solution added to the titration
vessel (pg)
Msolvent = mean amount of water in the solvent blanks added to the
titration vessel (ug)
Wsolvent = weight of DMF added to the vial (g)
Dsolvent = dengsity of the solvent (g/ml)
For DMF d=0.944 g/ml, source CRC handbook 81* edition
Vtitration = yolume of solution added to the titration vessel (ml)
Svial = Caleulated total weight of solid per vial, including water (mg)
2.2.10 ID by UV

Analysis was performed in duplicate on a single vial. The identification by UV was
confirmed by comparison of the drug product spectra to reference spectra.

2.2.11 Sub visible particles (EP 2.9.19)

Ten vials were reconstituted with 5 mL WFI using an appropriate sterile syringe and
needle. The vials were pooled together under aseptic conditions and analysed
according to European Pharmacopeia 2.9.19.

2.2.12 Sub visible particles (EP 2.9.19)

Ten vials were reconstituted with 5 mL WFI using an appropriate sterile syringe and
needle. The vials were pooled together under aseptic conditions and analysed
according to European Pharmacopeia 2.9.19.

2.2.13 Bacterial Endotoxin

Bacterial Endotoxin was determined by the Limulus amebocyte lysate (LAL) gel-clot
method as a limit test with a limit of < 0.5 EU/mg. For this purpose a LAL with
declared sensitivity equal to 0.03 EU/ml is used. The Endotoxins are quantified using
the following formula:

Endotoxin concentration in the sample (EU/mg) = lysate sensitivity (A) x test dilution factor
sample conceniration

where:
lysate sensitivity = 0.03 EU/ml
sample concentration = 5 mg/mi

2.2.14 Sterility
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Sterility was determined by reconstituting the lyophilised CNS 7056 with 5 ml of sterile
peptonate water (0.1%) each and incubating the samples in 100 ml of thioglycollate
medium THG) at 30 to 35°C and 100 ml of tryptic soy broth (TSB) at 20 to 25°C. The
incubations were performed for not less than 14 days. The media are visually
inspected every 2 to 3 days for the presence of microbiological proliferation. If there is
no microbial growth, the examined sample meets the test requirements (sterile).

2.3 Results

The results of the stability analyses for the above described batches after storage at
25°C/60% relative humidity(RH) or at 40°C/75%RH (so called “accelerated stability”
analysis) are summarized in the Figures 11 to 36.

2.4 Summary
The tested formulations for CNS 7056 exhibit an excellent long term stability which
already supports a shelf life of 36 month for the drug product.

3. Stability data after storage for 36 month
The CNS 7056 batch P02308 was subjected to a stability study whereby the vials
were stored for 36 months at 25°C/60%RH.

For batch composition and freeze drying conditions see chapter 2.1. For description
of the analytical methods see chapter 2.2.

3.1 Results

The results of the stability analysis for the batch P02308 after storage at 25°C/60%
relative humidity (RH) up to and including 36 months are summarized in figures 27-
30.

3.2 Summary

All tests performed on batch P02308 after storage at 25°C/60%RH (T=36 months)
were within the specified acceptance criteria. Appearance of Lyophilised Product,
Completeness of Solution, Time to Reconstitute, pH, and Osmolality of all samples at
T=36 months were well within specification.

CNS7056B Vial Content at 25°C/60%RH is 23.4 mg/vial, which is in keeping with all
previous results. These results are well within specification. The main CNS 7056
hydrolysis product CNS7054X (RRT 0.59) has increased to 0.29% at 25°C/60%RH
from 0.07% at initial months.

A total impurities result of 0.80% was observed at the T=36 month time point,
compared to 0.65% at initial.. These results, together with the supporting data from
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storage over 12 months at the acclearted stability storage condition of 40°C/75%RH,
reflect only a slight increase in degradation over this significant period of time and
demonstrate the stabilising effect of CNS 7056 in combination with lactose. .

Moisture content at T=36 months 25°C/60%RH is 0.68% which shows an increase
from 0.27%at initial. This increase is thought to be due to water desorption from the
stopper, which will occur over time. These results are well within specification.

3.3 Conclusion

All parameters are within specification and the only noticeable trends are the
expected increase in the hydrolysis product CNS 7054X and moisture content. The
rate of increase of CNS 7054X is similar to previous laboratory non GMP
development batches of CNS 7056 for injection produced/tested.

4. Evaluation of crystalline material in a lyophilised lactose formulation of CNS
7056 by Raman mapping

4.1 Introduction

XRPD studies showed that the Iyophilised formulation of CNS 7056 is amorphous,
however when material is examined under polarised light microscopy there is
evidence of crystalline material present in the amorphous matrix. In order to reveal if
this crystalline material is due to CNS 7056 or some other component e.g. lactose
monohydrate a Raman mapping analysis was performed. This study makes use of a
confocal Raman dispersive microscope to study the physical form of CNS 7056 within
the lyophilized lactose formulation using Raman mapping. In Raman mapping
experiments, once the first Raman spectrum collection is completed from the in focus
sample surface, the sample stage is moved at a predefined step (normally a few to
few tens micron) and another spectrum is taken. This is continued until the chosen
analytical area has been covered and a hyperspectral data set has been constructed.
The sample is prepared to ensure its surface is flat as this avoids the need to refocus
the microscope during the data collection from one point to another. The
hyperspectral data cube is then processed to generate chemical images based on the
distinguishable specific Raman peak (fingerprint) of each component of the sample
under study. The chemical images thus generated can then establish each
component variation over the chosen area of the studied sample. Crystalline (Form |
polymorph), amorphous (lyophilized) CNS 7056B and the lyophilized (amorphous)
lactose were characterized by Raman, and the characteristic Raman peak of
crystalline CNS7056B were used to generate the chemical images of crystalline
CNS7056B. The chemical images of the lactose were also generated based on its
own characteristic peak. One area of a lyophilized formulation of CNS 7056B was
mapped to determine, if present, the content (based on area ratio without calibration)
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and distribution of crystalline (Form [) CNS 7056B within the mapping area of the
lyophilized lactose formulation. The aim of this study was to establish whether
crystalline material within the lactose formulation is due to CNS 7056B or some other
component eg. lactose monohydrate.

4.2. Material and methods
The following samples were tested in the Raman mapping study:

CNS 7056B (Form I)

—  ltem/Lot Number: SOL 12621/5

—  Appearance: white powder

—  Pharmaterials Ref no: PMO553/08

CNS 7056 for Injection (received from Paion)
—  ltem/Lot Number: PO2308

—  Appearance: white lyophilised powder
—  Pharmaterials Ref no: PM0554/08

Lyophilized CNS 7056 (amorphous)

—  ltem/Lot Number: 05/CNS/06

—  Appearance: white lyophilised powder
—  Pharmaterials Ref no: PM0555/08

Lyophilized lactose (received from Paion)

—  ltem/Lot Number: O28/CNS/27

—  Appearance: white lyophilized powder
—  Pharmaterials Ref no: PM0548/08

Raman spectra of supplied materials

Raman spectroscopy on crystalline (Form |) and amorphous (lyophilized) CNS7056B
and amorphous lactose (lyophilised) as supplied was performed using a confocal
Nicolet Almega XR dispersive Raman microscope. A distinguishable Raman peak of
crystalline (Form 1) CNS7056B and amorphous lactose (lyophilised) was respectively
selected for generating chemical images and establishing each variation in the
examined area of a lyophilized formulation as shown later.

Raman mapping using a confocal dispersive Raman microscope

Raman mapping was performed on one area of a lyophilised formulation. For each
measurement, Raman mapping was performed on one area (e.g. 300x300 pm?). The
chemical images were then produced, respectively based on the distinguishable
Raman peak of crystaline CNS7056B and amorphous lactose (lyophilised). These
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operations allowed the identification of crystaline CNS7056B (potentially
recrystallized from the lyophilized lactose formulation) and amorphous lactose
(Iyophilized) in the selected area of the sample. Subsequently, thus produced
chemical images were used to indicate the distribution of crystalline CNS7056B and
lactose (lyophilised) in the mapping area respectively.

Raman technique

Raman spectra

Samples were analysed by a confocal Nicolet Almega XR Dispersive Raman
Microscope for its Raman spectrum using the following conditions:

—  Exposure Time: 1.0s

—  Exposure Times of each spectrum: 10

—  Pinhole Size: 100um

—  Spectral range: whole (single grating)

—  Laser: He Ne 633nm at 100% power

—  Objective: 50x/0.75 (magnifier/numerical aperture number)

Afterwards, the measured Raman spectra were corrected by baseline subtraction
(BS) using the software OMNICTM v7.3.

Raman mapping

Each sample was gently pressed by hand so that the mapping area has an
approximately flat surface. Raman spectra data for mapping were collected using
following conditions:

—  Exposure Time: 5.0s

—  Exposure Times: 10

—  Pinhole Size: 100pm

—  Wavelength range: 1700~300 cm™ (multiple gratings)

—  Laser: He Ne 633nm (100% power)

—  Objective: 50x/0.75

—  Area: circa 300 x 300 pm

—  Scanning step: 10pm

Then the measured Raman spectra data from mapping were modified by baseline
correction and normalization using the software OMNICTM v7.3.

4.3 Results and Discussion

4.3.1 Raman spectra of each component in a lyophilized formulation
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The Raman spectra of crystalline (Form | polymorph) and amorphous (lyophilized)
CNS7056B and amorphous lactose (lyophilised) as supplied were collected using the
procedure described under Material and Methods. As seen in Figure 39, the Raman
peak was then selected respectively: circa 1620 cm™ for crystalline CNS7056B and
circa 365 cm™ for lyophilized lactose. These peaks are unique to both materials so
that the chemical images of crystaline CNS7056B and lactose (lyophilized) can
respectively be generated. The whole range of the Raman spectrum for each
component contained in a lyophilized formulation is given in Figures 40 and 41.

4.4 Summary

The obtained data demonstrate the presence of crystaline CNS7056B in this
lyophilized formulation comprising mostly of amorphous CNS7056B. Furthermore a
uniform distribution of CNS7056B and excipient in this lyophilized formulation could
be shown.

In the lyophilised product tested approximately 9% of the data points contained a
signal corresponding to crystalline CNS 7056B. The actual w/w (%) presence of the
crystalline CNS 7056B in the amorphous lactose matrix, however, cannot be
concluded from these results as calibration was not performed.

Il. PREPARATION AND STABILITY ASSESSMENTS ANALYSIS OF LYOPHILIZED
AND SPRAY-DRIED FORMULATIONS

A lyophilised and a spray-dried formulation having the same formulation were
prepared and tested for stability.

1. Manufacture of spray-dried CNS7056B formulation (with lactose)
CNS7056B (Form 2 bn 10201126, 5.1g) and Emprove Lactose Monohydrate,
(139.2g) were dissolved in 750ml deionized (DI) water with heating to ~50°C, and
then filtered and cooled to room temperature. The pH was checked and not adjusted
as it was at 3.1. This solution was spray-dried using the following parameters: Inlet
temperature 150°C. Pump rate = 10% (20ml in 7 mins), Fan setting = 50%. Yield
59.5g. The water content was measured via Karl-Fischer and used to calculate the fill
weight per vial (997mg). 58 vials were filled with 997mg of spray-dried formulation. 30
vials were placed in the vacuum oven with lids slightly open. These vials were dried
under vacuum (~250psi) with a nitrogen bleed at 50°C for 24 hours. The chamber
was then flushed with nitrogen, and the vials were then closed quickly under nitrogen.
These samples were called 12PM529-8-2. 28 vials were closed without drying. These
samples were called 12PM529-8-1. All vials were crimped with aluminium seals.
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2. Scale up of spray dried API (CNS7056B)

CNS7056B (Form 2 bn 10201126, 20g) was dissolved in 2900ml DI water. This
solution was filtered and then spray-dried using the following parameters: Inlet
temperature 130°C, outlet temp. 82-79°C. Pump rate = 10% (20ml in 7 minutes), Fan
setting = 30%. Yield not noted. The process was repeated with CNS7056B (Form 2
bn 10201126, 5.69) was dissolved in 812ml DI water, to give 2.2g overall yield (from
both runs) of a white powder. The samples were called 12PM529-9-1.

3. Manufacture of freeze dried (lyophilized) APl (CNS7056B)

A solution of CNS7056B in water was prepared (2.2g of bn 10201126, Form 2,
PM0232/12 in 230ml water). This was placed in a round bottomed flask (rbf) and
‘shell-frozen’ in liquid nitrogen and then lyophilised over 5 days. The resulting fluffy
white solid was scraped out and broken up (~2g). The samples were designated as
12PM529-10-1.

4, Accelerated stability study on lyophilized and spray dried formulation
and spray dried API

The spray-dried CNS7056B formulation, both dried (12PM529-8-2) and non-dried
(12PM529-8-1), stored in crimped vials was placed on an accelerated stability study,
along with the lyophilized CNS7056B formulation (CNS2501A) as reference, and with
the spray-dried amorphous APl (12PM529-9-1). Samples were stored at
40°C/75%RH for 4 and 13 weeks, and at 55°C for 4 weeks, and analysed for
appearance, assay, related substances, moisture, XRPD, reconstitution time, and
appearance following reconstitution.

4.1. Results
The results from the stability study are presented in the Figures 42 to 44 and can be
summarized as follows:

The spray-dried formulation (sealed prior to additional drying) had a slightly higher
initial total impurity level at t=0 than the lyophilised formulation CNS 2501A i.e. batch
(~0.73/0.67% vs 0.48%). This is potentially due to the manufacturing process
involving higher temperature, and could be optimised on scale up.

The vacuum dried spray-dried formulation sample (12PM529-8-2) had similar water
content to the lyophilised sample supplied (0.24% vs 0.34%). The non-dried spray-
dried formulation sample (12PM529-8-1) had significantly higher water content
(2.87%), as did the amorphous spray-dried APl (CNS7056B, 12PM529-9-1).

The ‘dry’ spray-dried formulation (12PM529-8-2) showed similar stability to the
lyophilized formulation. The total impurities increased ~0.2% for both samples after 4
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weeks (slightly more at 55°C than at 40/75), and actually only increased ~0.05% for
both samples after 13 weeks at 40/75.

The ‘wet’ spray-dried formulation (12PM529-8-1) had slightly inferior stability than the
other formulation samples, but was still within specification for impurities after 13
weeks at 40/75 (total impurities increased from 0.67% at t=0, to 1.33% at t=13
weeks).

The spray-dried APl (CNS7056B, 12PM529-9-1) showed significant instability, with
increase of total impurities to 1.94% (4 weeks at 55°C), 2.56% (4 weeks at 40/75) and
3.35% (13 weeks at 40/75). This confirms that the lactose formulation is stabilising
the API significantly during the stability trial, even when there are similar levels of
water present in the formulation to the API sample.

As expected the major impurity that was observed was the hydrolysis product
CNS7054X.

5. Investigation of API distribution and form in the spray—dried and lyophilized
formulations using Raman mapping

A vial of lyophilized formulated product (CNS7056B in lactose, batch number
CNS2501A) was opened and sampled randomly four times. Each sampled portion
was then presented on a microscope slide and Raman mapping was carried out over
a small area of the surface of the formulation sample (~300x300um). The data was
processed in comparison with reference samples of lyophilized (amorphous) and
crystalline APl (CNS7056B, forms 1 and 2) and lyophilized (amorphous) and
crystalline (monohydrate) lactose. The mapping was analysed to determine the
distribution of the API within the formulation, and then if any phase separation
(regions of API) was detected, these would be analysed to assess the physical form
of the API. A second experiment was carried out where a new vial of lyophilized
formulated product (CNS7056B in lactose, batch number CNS2501A) was opened
and sampled from top, middle and bottom of the cake. These three samples were
again analysed by Raman mapping as above. Also, two regions from the top and
bottom samples were mapped over a smaller region (~20x20um) in more detail.
Three more batches of lyophilized formulated product (CNS7056B in lactose) were
also analysed by Raman mapping: batches P02308, A0O1P301 and P301-02N. The
size of region mapped in these experiments was ~120x100um.

5.1 Results for batch CNS2501 A

The Raman mapping data was processed to give a ‘chemical image’ which shows the
similarity of the Raman spectra detected at each point on the map with:

a) the excipient main peak at 355cm-1 (i.e. lactose)
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b) the APl (CNS7056B) main peak at 1580cm-1
c) correlation with the whole excipient spectra (lactose).

The data showed that no phase separation and re-crystallization of API was found in
batch CNS2501A as supplied after analysis of 7 different grab-samples from 2
different vials. The distribution of API and lactose was uniform and no separate
regions or particles of APl were found. This suggests that a true molecular dispersion
of the APl in lactose has been formed in the lyophilised formulation batch CNS2501A.

5.2 Results for batches P02308, AO1P301 and P301-02N
The Raman mapping data was processed as described in chapter 5.1.

The data revealed no phase separation and re-crystallization of API in batches
P02308, A01P301 and P301-02N as supplied based on one set of mapping data for
each batch. The distribution of APl and lactose was uniform and no separate regions
or particles of API were found. This suggests that a molecular dispersion of the APl in
lactose has been formed in the lyophilised formulation in batches P02308, A01P301
and P301-02N. (Note: some phase separation was found in previous mapping
performed on batch P02308. This suggests that the distribution of separated
(crystalline) APl in this batch is not uniform.

6. Summary
An equivalent spray dried formulation to the current lyophilised (freeze-dried) product
could be successfully developed and tested.

Both the spray dried and lyophilised formulations were shown to be fully amorphous
and single phase by XRPD and Raman analysis (i.e. no detectable separated
crystalline APIl). The spray dried formulation had a slightly higher impurity level
(~0.7% total impurities vs. ~0.5% for the lyo product). This is presumed to be formed
during spray-drying manufacture and could be reduced with process optimisation.

The fully dried spray-dried formulation showed equivalent stability to the lyo product
over 13 weeks at 40°C/75%RH and 4 weeks at 55°C. The non-dried spray-dried
formulation (3% water) showed slightly worse stability, but stayed within the
specification over 13 weeks at 40°C/75%RH.

The spray-dried formulation showed similar colour change to the lyo product in the
light stability trial, both turning grey/blue. Physical analysis of the light stressed
samples of API and formulation showed some recrystallisation and absorption of
water, but no evidence of changes in physical form contributing to the colour
changes.
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Raman mapping analysis of the current lyo batch (CNS2501A) and previous lyo
batches (P02308, A0O1P301 and P301-02N) of formulated product showed uniform
distribution of APl and excipients, with no evidence of separation of APl and
subsequent crystallisation.

Ill. PREPARATION AND STABILITY ANALYSIS OF DISACCHARIDE BINARY
EXCIPIENT CONTAINING FORMULATIONS

1. Purpose and study outline

The purpose of the present study was to evaluate the stability of selected
formulations. Several lyophilized formulations of CNS 7056 were prepared containing
lactose monohydrate and the pH adjusted to 3.1, the APl is present as besylate salt.
Two fill concentrations of CNS 7056 were investigated: 5 mg/ml and 10 mg/ml. The
formulations were filled in ISO 10R and ISO 6R clear glass vials. Fill volume was
reduced to 4 mL/vial (current fill volume is 5.2 mL). The existing formulation was filled
in ISO 10R vials that were stoppered with both West 4023/50 art. 1346 stoppers and
West S87 J 4416/50 stoppers. The stability of the new formulations manufactured in
ISO 10R vials were evaluated together with the existing formulation. In addition to
this, the existing formulation lyophilized in the frame of the last clinical batch
manufacturing (batch number A01P310, fill volume 5.2 mL, ISO 20R clear glass vial)
was tested to generate comparative stability data.

2. Methods

The following tests were performed on the stability samples:
o Appearance of the lyophyilisate.

o Reconstitution time.

. Appearance of the reconstituted solution.

o Moisture content by Karl Fischer titration.

o HPLC Assay/Related Substances.

o Osmolality (only at time 0)

3. Batch description
The product composition of the batches submitted to stability is summarised here
below.

F lati

Ol‘ml-.l z_atlon CNS 7056 ] Fill Product
(Excipient ) Vials Stoppers

. ) concentration volume Reference
weight ratio)

Lactose West 4023/50

5 mg/mL 6R 4mL L6R5

Reference maim m art. 1346
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(Curren.t) West 4023/50 L10R5
Formulation art. 1346
10R 4mL West S87 J
L10R5S87
4416/50 ORSS8
West  4023/50
. L20R
20R | semL |l OR5
" 4L | West4023/50 610
art. 1346
10 mg/mL West 4023/50
L10R1
10R 4mL art. 1346 0R10
6R amL | Vest4023/%0 | L epe
art. 1346
5 mg/mL West 4023/50
Lactose : 10R 4mL L4M110R5
Mannitol art. 1346
West 402
(4:1) 6R 4mL est4023/50 | \m16R10
10 mg/mL art. 1346
10R amL | Vest4023/50 1 1 ioR10
art. 1346
6R amL | Vest4023/%0 | oy eoe
5 mg/mL art. 1346
>
Lactose - 10R amL | Vest4023/50 | o ops
Mannitol art. 1346
West 4023/50
(2:1) 6R 4mL Zsrt 1246 L2OM16R10
10 mg/mL West 4023/50
10R 4mL ©s LoM110R10
art. 1346

4. Stability program
The stability program is summarized in the following table:

F lati
. _ormu a_ ‘on . Product Reference | Stability
(Excipient weight ratio)
L6R5 1 month
L10R5 3 months
Lactose L10R5S87 3 months
Reference (Current) Formulation L20R5 3 months
L6R10 1 month
L10R10 1 month
Lactose 4 : Mannitol 1 L4M16R5 1 month
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L4M110R5 1 month
L4M16R10 1 month
L4M110R10 1 month
L2M16R5 1 month
L2M110R5 1 month

L 2: M itol 1

HcipesE < Kannig L2M16R10 1 month
L2M110R10 1 month

5. Stability schedules
The stability schedules are summarized in the following tables:

Storage conditions 40°C+2°C / 75%15% RH and 55°C+5°C

Tests for 1 month study Time 0 1M

Lyo appearance (to be noted on all 5 vials) Y \
Reconstitution time \ Y
Appearance of reconstituted solution \ \
Moisture content (KF titration) \ \
HPLC (Assay/Related Substances) V V
Osmolality Y —

Storage conditions 55°C5°C
Tests for 3 months study Time 0 1
Lyo appearance (to be noted on all 5 vials)
Reconstitution time
Appearance of reconstituted solution
Moisture content (KF titration)
HPLC (Assay/Related Substances)
Osmolality

<<<<<§

< |2 |2 ]2 |2 |<.

Storage conditions 25°C+2°C / 60%+5% RH
Tests for 3 months study Time 0 1M 3M
Lyo appearance (to be noted on all 5 vials) \ —
Reconstitution time
Appearance of reconstituted solution
Moisture content (KF titration)
HPLC (Assay/Related Substances)
Osmolality

< |2 <2< |2

< <L |22 |4

Storage conditions 40°C+2°C / 75%15% RH ‘
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Tests for 3 months study Time 0 1M 3M
Lyo appearance (to be noted on all 5 vials) Y Y Y
Reconstitution time \ \ \
Appearance of reconstituted solution \ \ \
Moisture content (KF titration) Y Y Y
HPLC (Assay/Related Substances) Y Y Y
Osmolality \ - -

6. Stability results
The results collected in the frame of the present study are presented in Figures 45 to
51 and can be summarised as follows:

Samples stored at 40°C 75% RH (1 month).

e Some changes in the appearance of the lyo cake in the formulations
L2M110R5 and L2M110R10. Some vials of L20R5 (clinical batch vials
rejected after visual inspection) showed a different lyo cake appearance

e Expected increase of moisture content (not observed in L20R5; L2M110R10)

e Small increase in total impurities (not observed in L10R10; L10R5S87;
L20R5). The HPLC assay kept practically constant.

e Increase of known impurity CNS7054X.

Samples after 3 months storage at 40°C 75% RH (only L10R5; L10R55S87 and L20R5
formulations).

The appearance of both the cake and the reconstituted solutions didn’t undergo any
variation (some of the cakes of the L20R5 samples were found to be shrunk).

The assay remained unvaried.

L10R5
o Further increase of moisture content (anyway the % H>0<1.0%).
o Further slight increase of the impurities due to the CNS7054X.

L10R5S87
o Further increase of moisture content (anyway the % H;0<1.0%).
o Further slight increase of the impurities content due to CNS7054X.

L20R5 (visual inspection)
o Further increase of moisture content (anyway the % H20<1.0%).
¢ Increase of the impurities content mainly due to CNS7054X.
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Samples stored at 55°C (1 month).

e The lyo cake of the formulations L2M110R5, L2M110R10, L4M110R5 and
L4M110R10 was found to be shrunk and yellowish colored. Some vials of
L20R5 (clinical batch vials rejected after visual inspection) showed a charred
(insoluble) lyo cake.

¢ Increase of moisture content (not observed in L20R5)

¢ Increase in total impurities (total impurities below 1.00% in L10R5; L10R10).
Concurrently negligible reduction of the HPLC assay.

e Increase of known impurity CNS7054X.

e Additional impurities exceeding the LOQ in L20R5, L4M110R5; L4M110R10;
L2M110R5; L2M110R10

* Slight presence of foam (not persistent) upon reconstitution of.

e L10R5; L10R5S87 and L20R5 formulations after 1 month storage at
25°C/60%RH.

e The appearance of both the cake and the reconstituted solutions didn't
undergo any variation.

e The assay remained unvaried.

L10R5
Slight increase of moisture content (anyway the % H;0<1.0%).
Slight increase of the impurities due to the CNS7054X.

L10R5S87
The moisture content didn’t increase.
The impurities content remained practically unvaried.

L20R5 (visual inspection)
Increase of moisture content (anyway the % H»0<1.0%).
Increase of the impurities content mainly due to CNS7054X.

IV. Preparation and stability analysis of disaccharide/dextran containing
formulations, as a means to reduce lyophilization time

1. Purpose

Within this study several CNS7056 lyophylisate formulations containing lactose and
dextran were studied. The ratio of the disaccharide to dextran was changed in order
to manipulate the glass transition temperature (Tg') and collapse temperature Tc and
therefore reduce the lyophylisation time. Compared to the disaccharide lactose the
dextran possesses a higher Tg' and therefore can act as a collapse temperature
modifier.
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Altogether 10 formulations were prepared and tested in different lyophilization
protocols.

2. Formulations

2.1. Formulation compositions
Two CNS7056 formulations were prepared containing dextran only (001/PAN/13) or a
mixture of lactose and dextran (002/PAN/13) as summarized in the following table:

L

Name Formulation

QH/PARNAS
MEZ/PANM S

0440, 7056 Dextran
Q230220
Th5h Lactose Dextran

L¥y

2.2. Formulation preparation

2.2.1. Preparation of the solution

The solutions containing 12 mg/mL CNS7056 were prepared according to the
following protocol:

o API (CNS 7056 besylate salt) added with magnetic stirring to 85% final volume

e  Stirred for 3 hours at ambient, light protected

e Checked pH, nominal pH 3.2 for all formulations, and adjusted to pH 3.0

e  Stirred for further 20 minutes: no significant change in appearance

e Made to 90% final volume

e  Stirred for further 20 minutes

e Formulations 1-2 appeared light yellow, slightly turbid.

e Checked pH, all nominal pH 3

¢ Made to final volume and stirred for further 20 minutes

e No change in formulation 1-2 appearance, less undissolved material in the
concentrated formulation

e Filtered (0.22 um PVDF) formulations 1- 2

e Further 25 minutes stirring of concentrated formulationFiltered (0.22 um PVDF)
concentrated formulation

e Allfiltrates clear, light yellow, free from visible particles

e Filtrates filled in 4.2 mL volumes and lyophilised with protocol as described in
2.1.2

2.2.2. Lyophilisation protocol
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The samples were lyophilized according to the following protocol:

Step Cycle stage Temperature Pressiyre Time
{EC) fmTorr] fimin}
1 25 ) i
2 i s 23
: -43 1z 108
£ LE e 180
3 o1 o
g 43
7 Primary drving 43
& Pamp 1
2 Seoondary doving 30
iz . als stopps
it £
Toral ovels durstion -~ 58 howrs -~ 4.7 days)

2.3 Analysis of the lyophilized samples
The lyophylisate showed a good appearance and a rapid reconstitution time for the
carbohydrate:dextran-containing lyophilisates. Both formulations exhibit a purity

above 99.72%.
N{:ﬂne Formulation Appearance Recon time in saline | pH m‘?ix Purity (%}
OI/RAaNA2 500 440, 7056:Cewtran Off white plug 1mals 3241 [ 011 9972
DO2PANMG | 51230220 7058 Lactoss Dextran Off white plug 355 3229|008 2974

2.3.1 Appearance

The appearance of the lyophilized samples was determined. The results are listed in
the following table:

5

) =

Sample details

Appearance

Enftial (T »

)]

BO1LPANLS

WCTSRA

T=1m

L white plog

1 onpANTY

SUCITRMEH

Imitia (T =4y | % :
+ OIT white phag with sipns of shrinksge
¢ = il

T=1m

2.3.2 Moisture

The moisture content of the lyophilized samples was determined. The results are
listed in the following table:

sample details SO%WEl T | Wisl2 L Vial 3 Mﬁ:‘. mnzag_puw
, % wiw)
N Tnitial {T K I EN T .12
"f""’"’“’” MCITS%RH v AU AL : 19 _v
cnrmaniy |  dmitalg¥=0y | 0de | Dds | 038 023
{ IPANIAY - - + - —— — -
DORPANY SrCmsmRN . Todm | ik | 0o | N
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2.3.3 Reconstitution time and pH of reconstituted solution
Each vial was reconstituted with 10 mL 0.9% saline. The results regarding
reconstitution time and pH are listed in the following table.

5
g - Recon, time |
L emeledeth | teconan | P
¥ 3z
BOLPANY LR
; . 153 170
35 123
HI/PANLY | P e
2.3.4 Vial content
The vial content for the samples at T=1m 40°C/75%RH was determined after each
10 vial was reconstituted with 10 mL 0.9% saline. The results are given in the following
table:
TO5H] (maeivial)
Details | ; H b ]
| BOLPAN/IA R
HILPANY - 490405 | 402633 | 49157
15 2.3.4 Impurities

The impurities for the different formulations at T=1m 40°C/75%RH were determined.
The results are given in the following tables:

20 001/PAN/13:
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Initial*® | 40°C/75%RH

RRT Nanie =i Te Im

.27 e NI 0,03
#.42 P M. =W

47 LR =L <LOH3
.51 Hd. MALE 0.7
.87 D8, =L =W

= 1. 059 70540 {11 017
= bed 1.8, N.D, <LOQ
£ 068 .. <00 <LCH)
=1 an il NI, =LLH)
g &89 1.5 0,10 M.,
=] 683 MA N.D. .10
= LeD TSHB 49,59 99 4%
R IERE Tna ) 0.03
%‘ 1.3 1 1.3 <LOCY <L
e 1.46 118, MDD <100
1.73 T, M <A

.78 . <LDG <L
1.84 7.4, <R} <L)

151 1.8 <LLHY WD

| Total ineps®' (area%) 3 4

#' Sum of all impurities = (L03% by area
*! Impurities from post Iyo samples
Imparities are mean of 2 determinations
. = not detected

002/PAN/13:
Imitial | A0°CIT5%RH |

RRT | Name | O 0 [ im

037 P ) =L
47 B, <L) M.
0.51 . .07 .07
-1 859 | T0MX | Do .14
‘e}; | 864 | na .. <L00
£ 068 i, <LOC L0
‘;; 14,71 .8, LIS, =MD
= 2,83 .. MY <L
E | ame n.a, “LO0Q N.D.
=1 09 ma, |00 .10
R 0568 | 99.62 99 49
= L1 i N.D. 0.03
= 1.3 n.4., <L) <L
1.73 f.d. ML <100
L7 A | SLOHY | SLO
i LB L ma <L) <L
1 Total imps® (area™s) .3 03

* S of all impurities = 0.03% by area
Impurities are mean of 2 determimations
B, = not detected
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3. Formulations — Potential Process Improvement with Dextran 40 Based
Formulations

3.1. Formulation compositions
Two CNS7056 formulations were prepared containing dextran (007/PAN/13), or a
mixture of lactose and dextran 40(009/PAN/13) as summarized in the following table:

TO56:excipient(s)

Batch Formaulation .
(mg)
OOT/PAN/3Z 7056:dextran 40 50:440
DOPAN/TS F056:lactose monohydrate:dextran 40 50:88:352

3.2. Formulation preparation

3.2.1. Preparation of the solution

Dissolution of CNS7056B was facilitated by overhead stirring under ambient
laboratory conditions, protected from light. A summary of the salient points for the
preparation of each formulation are presented below.

007/PAN/13

. API addition (<5 minutes) to ~85% final volume

o Stirring started at 500 rpm and increased to 700 rpm by 120 minutes

o Adjusted to pH 3.0 after 70 minutes

o Increased to ~90% after 120 minutes

. Adjusted to pH 2.8 after 150 minutes

o After 180 minutes, checked pH (2.9), adjusted to pH 3.0, and made to final
volume

009/PAN/13

e APl addition (<5 minutes) to ~95% final volume

e Following API (500 rpm) stirring immediately increased to 700 rpm and then

e increased to 800 rpm by 30 minutes

e Adjusted to pH 3.0 after 10 minutes

o After 75 minutes, checked pH (pH 3.1), adjusted to pH 3.0, and made to final
volume

Following preparation all formulations were filtered through a 0.22um PVDF
membrane filter
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Filtrates were filled in 4.2 mL volumes into 20 mL clear Type glass vials and
lyophilised, directly from the shelf, with the cycle shown in the following table:
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Step Cyele stage Temperature Pressure Time
("C) (mTorr) {min)
1 Load 25 nia 0
2 Ramp 0 na 25
3 Ramp -43 na 225
4 Freczing 45 i 180
5 Hold -45 350 30
6 Ramp -15 350 60
7 Primary drying -15 330 2861
8 Ramp 30 20 112
9 Secondary drying 30 20 459
10 Finish 30 Vials stoppered to 722000 mTorr with
i {pure) nitrogen.
Total cvele duration ~ 66 hours (—~ 2.8 davs)

3.3 Sample analysis
There was no significant difference in the appearance of the lyophilised plugs among
batches 007 and 009/PAN/13. Lyophilised plugs appeared white/off-white,
homogeneous and well formed.

Duplicate vials of each product were used for initial T = 0 testing, a summary of the
analytical results is presented below.

3.3.1 Analysis after reconstitution

10 mL normal saline was added to a lyophilised sample, the vial was swirled and
observed. The reconstitution time, reconstitution solution appearance, pH and purity
(HPLC) were determined. The results are shown in the following table:

Reconstitution Rct_mnsﬁ(ulcd solution
Batch time Appearance pH 7056 T054X
{5} {Voarea) {Yoarea)
007/PANS 9] Clear, colourless, free from 33 0958 0.10
’ ; visible particulates ’ ’
DO9PAN/13 £1 Clear, colourless, free from 32 99,60 0.08
visible particulates
3.3.2 Appearance

The appearance of the lyophilized samples was determined. The results are listed in
the following table:
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Sample details

Appearance

Emtml (i = m ,

Off'y

| B0T:PANY arcTsvRE

S5

. g‘,’f}\l]uﬁ"‘v“yllifﬁ? Pl

tte plig

i of shrinkage

ns af shrinknge

Initial (T

GOHPANLD CTERH

O white plug witl

s of shy mk,.u_.«

s&C

Hlt W) hm, plfai“ '\Uth -«1!111»‘ of ahr: ke

3.3.3 Moisture
The moisture content of the lyophilized samples was determined.

The results are

listed in the following table:

sample details | Visl2 | vialz | esan maisture

1 £ Wi}
Tnitial (T = ) N KT 0.00
WIPANAS | dECTEN | T=1m 013 i 013
”””””” R 1T l m K {142 28
Initial H = ll: {R1]

OOOPANAS | 40°CAS%RI | T 1m — | e
[TER Tolm BEE T

3.3.4 Reconstitution time and pH of reconstituted solution

Each vial was reconstituted with 10 mL 0.9% saline. The results regarding
reconstitution time and pH are listed in the following table.

{sevonds)

- Recon. time

‘mmple detuils

Gnmal ! y= (H

165"

.q
h

@5

g

50

3.3.5 Vial content

The vial content for the samples at T=1m 40°C/75%RH was determined after each
vial was reconstituted with 10 mL 0.9% saline. The results are given in the following

table:
Mean Reeovery'

[7056] (mﬁa‘vial} (%)

of S GH.3U5 E
DOTPANLS =1m ‘ e i
557 Tt om $8& 6| AR 304 Ty

Initial (T= 45 GE0E e e

O09/PANAY | ACITSWRH | T=lm 494238 | 4804y T00_

§5°( T=1m 48 34062 #7322 G g

"Recoy ery is calenlated as 8 percemtage of T

1 resle,
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3.3.6 Impurities
The impurities for the different formulations at T=1m 40°C/75%RH were determined.
The results are given in the following tables:

007/PAN/13:

Enitial

4ECTSYHH 58%

Te= 1;@
M3,

_RRT | Nume
036 |
{41
D46
A1
857 | I
nEY | 704X
063 1 na,
06T | na
{0 | na
0.58 .
0.92 o,
Lo Teseh
I.:‘rl 1 [ B
lds | o
.73 |
.97 L ma,
i Voral imnps™ {area'ti)
¥ Bum of all impuritics = 0.03% by area
Tmpawrities ave mean of 2 determinations
v = oot dheteetied

LAY
2LEH)
il
g5 ;

TSl | <MD
NI, ;
ETy

Tmpurity profile (area’h)

009/PAN/13:
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40T R

N

3N

1.5

L

.4l

ma, Ry

Bl

0N
il

£,

3.l

aa.
fa

N

Bl

Tmpurity profile farea™)

LN
F1,i.

il
L.

.8,

il

lmp

Total imps™ (area"a)
* Sam of all imparities = 0.03% by arca

fres are mean of 2 determinaions

mal. = ot detected

4. Further formulations

4.1 Parameters:

Fill concentration of CNS 7056 base = 12 mg/mL
Vial size = 20R (30mm diameter)

Fill solution volume 4.2 mL

Approx 50 vials of each product to be prepared
Also prepare placebos

4.2 Formulation Compositions (Vial equivalent)

CNS 7056 | Total Dextran Lactose Approx Ratio

(base Excipient | 40 Monohydrate | CNS7056:

equivalent) Lactose

, monohydrate

e e T s 20 P
012/PAN/13 | 50 mg 440 mg 352 mg 88 mg 1:9
011/PAN/13 | 50 mg 330 mg 264 mg 66 mg 1:6
010/PAN/13 50 mg 220 mg 176 mg 44 mg 1:4.5
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Predicted Tc of formulations from Thermal Assessments = -15°C

4.3 Parameters

e Freezing to -30°C @ 0.2°C/min. Held
e Primary Drying -7°C @ 700-750mTorr
e Secondary Drying 30°C

4.4 Test Criteria for analysis of lyo samples

o Appearance

o Recon time - addition of 10 mL saline
o Moisture

o Related substances

o Stability - 1m 55C + 1, 3m 40C/75%RH

4.4.1 Appearance
The appearance of the lyophilized samples was determined. The results are listed in
the following table:

Sumple details f Appearance
1 1P AN/3 © Initial (T =0y | O white plug
{ BLLPANAD  Initial (T =03 | CH7 white pluw with material on vial wall |
L LPAN/AS © Initial (T 0) | Off white ple |

4.4.2 Moisture
The moisture content of the lyophilized samples was determined. The results are
listed in the following table:

Sample details D Wiall P viml2 Vil 3 “m,,ﬁ m.f{m.mre
: ] e Wiw)
BHEPAN/AS Initial (T =03 | GO8 ¢ (2 - J s
BELPAND Initidd (T=0) ¢ W45 ¢ 0405 - AR
H12PAN bnitial (F=0p | .11 008 - .09

4.4.3 Reconstitution time and pH of reconstituted solution
Each vial was reconstituted with 10 mL 0.9% saline. The results regarding
reconstitution time and pH are listed in the following table.
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. : Recon. time :
&:m"lplt* dﬂ;ﬂjih ' (seronds) pH :
T imitial (T =) T 121
| BIOPANAY L A0°CHS%RH T=tm | - | -
‘ ‘ S5 CT=1m| - -
Enatial (T = } a3 .20
OIUPAN/3 | JPCIS%RH | T-Llm| -
S , -
Tmitial (T fid 323
| HMUPANIY | MPCT5%RH - N
IR0

4.4.4 Vial content
The vial content for the samples at T=1m 40°C/75%RH was determined after each

vial was reconstituted with 10 mL 0.9% saline. The results are given in the following
table:

I'  Mean
[ T056] (mgivial)
O quaEk

Sample defails Wial 1

COIOPANAZ . foital(T=0) | Ju8ile |
I3 L Initial (T -@) | 491
13- mitial (1 =0)

4.4.5 Impurities

The impurities for the different formulations at T=1m 40°C/75%RH were determined.
The results are given in the following tables:

010/PAN/13:
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Endidul
RRT Mame (r=0)
031 LA, < LAY
(.47 f.. <] A0
052 1.8 a7
.57 1.4, <MY
P54 Filadx oan
| 065 | na <L
%y {168 B <P AH)
a1 072 1.8, =L
é {189 LR <f M)
2 1 093 na 0.11
= 100 | 70568 5957
T .14 5., 0,03
-4 (3} 1.l <E LH)
El 17 | na <LO0O
1LEG | ona =10
[ .4, < LA
208 oA =L A]

Total mps®
(arm'?i; -3

-60 -

& Bum of all impurities > 0.03% by arca
Impurities are mean of 2 determinations

n.d. = not detected
011/PAN/13:

Initial

RRT Name | (T 0)

.37 | n.a. E A

, 032 | na, 0.07

E 0.59 ¢ T054K 010
i1 0.68 | n.a, <E L)
i 0.89 | na. “LOQ
é‘ ; 093 | na. 011
2 100 | ToseR 99 %6
? 110 | na, 003
*f:‘ 1.74 | ma v::E“_{'?!i;)
£ 1.80 | n.a. | <LOQ
E 1.86 | na. <LOQ
200 | na “E W)

1 Total tmps® {area’s) .3

* Sum of all impurities = 0,03% by area
Impurities are mean of 2 determinations
nd. = not detected

012/PAN/13:

PCT/EP2013/060543
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indtial
R F T T
LAl
. L.
AR L ma, (3,817
LEG L T054X [.5%
3 L na, <) UH)
; ER <L iM}
El 73, <L M)
S $1il. oL LW
= o 1
E Byl
= 1 TOSAR
Ty 5 .
z ' pal
_E EE
Votad imps®
al imp: 03
{areai)

* Sum ol all iimpuritics 2 0.413% by arca
Imiparities are mean of 2 detenminations
nal, = pod detected

5. Further formulations

5.1 Parameters:
¢ Fill concentration of CNS 7056 base = 12 mg/mL
e Vial size = 20R (30mm diameter)
e Fill solution volume 4.2 mL
10 e Approx 50 vials of each product to be prepared
e Also prepare placebos

5.2 Formulation Compositions (Vial equivalent)

CNS 7056 Total Dextran | Lactose Approx Ratio

(base Excipient | 40 Monohydrate | CNS7056:

equivalent) Lactose
015/PAN/13 | 50 mg 440 mg 264 mg | 176 mg 1:9
014/PAN/13 | 50 mg 330 mg 198 mg | 132 mg 1:6
013/PAN/13 | 50 mg 220 mg 132 mg | 88 mg 1:4.5

Predicted Tc of formulations from Thermal Assessments =-19°C
15

5.3 Parameters
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Freezing
Primary Drying
Secondary Drying

-62 -

to -30°C @ 0.2°C/min
-15°C @ 400mTorr

30C

5.4 Test Criteria for analysis of lyo samples
Appearance
Recon time - addition of 10 mL saline
Moisture
Related substances
Stability - 1m 55C + 1, 3m 40C/75%RH

5.4.1 Appearance
The appearance of the lyophilized samples was determined. The results are listed in
the following table:

Appearance

HUPA

Sample details
5 Tadtial (T =03 | Ol white

s prtaderial cenowalls of wigl ,’

e somee material on wedls of

5.4.2 Moisture
The moisture content of the lyophilized samples was determined. The results are
listed in the following table:

Details | vial2 | viaps | Mean mobture
. : IS S I S Dk
GLAPANAL | Initisl (T =W | ons X 006
TOI4/PAN/LY | Initial (T = 0) i1 0.9
GISPANAD | Imitial (T =1 1100 - 009

5.4.3 Reconstitution time and pH of reconstituted solution
Each vial was reconstituted with 10 mL 0.9% saline. The results regarding
reconstitution time and pH are listed in the following table.

Sample details R.w"i"' ""?m pH
’ ’ 1ﬁegﬂndh,} i
| Imitial {1 = i} gh
JAPANAT | Dnitied (T = 1 s
BISPANS | Initisd (1 =41} 43

5.4.4 Vial content

PCT/EP2013/060543
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The vial content for the samples at T=1m 40°C/75%RH was determined after each

vial was reconstituted with 10 mL 0.9% saline. The results are given in the following
table:

Sample detuils

Cimitial (F=03 |
“nitial (T - 0)
Initial (1 = 0}

5
5.4.5 Impurities
The impurities for the different formulations at T=1m 40°C/75%RH were determined.
10 The results are given in the following tables:
013/PAN/13:
Indtial
S
% . w ing,
E,_ [LH3 4 na,
.. loo TseB b
E 1,31 na
- 1. 1.,
LES Do,
Towal ilﬂgﬁ;‘fr {area'e) 03
rad, = g detectind
15

014/PAN/13:
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Initial
{T=0}

i Taal
1.3l % na,
1.7 & na,

1.79 % na,

]LXE & na,
Total imps® {aresu)
* Sumy of all tmpurities > 0.03% by area
Ipurities are mean of 2 determinations
n.d. = not detected

fmpurity profile (area's)

015/PAN/13:

Initial
{ 1=
=] M)
< WY

.

lanpurity profile (areas)

LLES { na N
Total lmps” tarva's) 0ni
* Suen of afl bopueities = 0035 by arca
Impurities are mean of 2 determinstions
n.d. ot detected

V. THERMAL ANALYSIS OF REMIMAZOLAM FORMULATIONS

1. Purpose of the study

In order to increase the lyophilisation temperature, the relative amount of dextran of
the lactose:dextran mixture was increased and the critical temperature was
determined by differential scanning calorimetry (DSC) and freeze drying microscopy
(FDM), for CNS7056B formulations 1 — 6 as shown in the following Table.
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Formulation T, by DSC T, by FDM
‘ ASE

0111 i -1
ooz 33 21
13 -5 27
04 24 20
115 -4 -28
e 29 27

Critical temperatures were plotted with respect to dextran, relative to total formulation
solute content and shown in Figure. 52.

From the linear equations (Figure 52), for a given critical temperature, the theoretical
dextran content of a CNS7056B formulation can be calculated. As shown in the
following table, there was a good correlation between data generated for formulations
containing lactose.

Target Te : 2 exeipient ' Technigue 1 Thearetical devtran
{"Cy : )
- oM 368
S0
;)*Z(ﬂms:‘m . y 44
FIIM mmcan ik
o ' 'USLQ ' ' [EiR]
o s v
hisiose DM W1
R R
DRC mvan i
FUIM sazun i
Laciose [ R
SR Fin 1.3
-1%
DNC e i
FDM ovan R 52

An alternative presentation of the data, expressing collapse temperature relative to
the dextran:lactose ratio in each formulation is shown Figure 53. The Phase /Il
sedation formulation was used to represent a formulation containing no dextran (zero
on the abscissa). The collapse temperature onset for this formulation has been
reported as -31°C.

Similarly, the linear equation from Figure 53 may be used to calculate the theoretical
dextran:lactose  composition of CNS7056B formulations for given collapse
temperatures as shown in the following table:
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Faveet Te

Theoaretival excipient composition

Example formulation

"Ch ) APLlaciosedoxtran
‘ Dexirun g vial}
24
-17.8
w15

S35
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Figure Legends

Excipients
Active formulations

Placebo formulations

PCT/EP2013/060543

Formulation of hydrolysis degradant of remimazolam (REM) given in %
after storage for 13 weeks at 25°C/60% relative humidity (RH) or

40°C/75%RH.

5A-D:Crystallographic co-ordinates and other relevant data tabulated in the form
of a SHELX File for Compound of formula (l) besylate Form 1 of

WQO2008/007071 At

6A-C:Crystallographic co-ordinates and other relevant data tabulated in the form
of a SHELX File for Compound of formula (l) besylate Form 2 of

W0O2008/007071 A1.

7A-B:Bond lengths for Compound of formula (I)

besylate Form 1

of

WO2008/007071 At

8A-C: Bond angles for Compound of formula (l) besylate Form 1

10:

11:
12:
13:
14.
15:
16:
17:
18:
19:
20:
21:

WQO2008/007071 At

Bond Lengths for Compound of formula (l)
WQ02008/007071 At

Bond angles for Compound of formula (I)
WQ02008/007071 A1

Stability data for lot AO1P310

Stability data for lot AO1P310, continued
Accelerated stability data for lot AO1P310
Accelerated stability data for lot AO1P310, continued
Long term stability data for lot P310-01

Long term stability data for lot P310-01, continued
Accelerated stability data for lot P310-01
Accelerated stability data for lot P310-01, continued
Long term stability data for lot 026CNS27

Long term stability data for lot 026CNS27, continued
Accelerated stability data for lot 026CNS27

besylate Form 2

besylate Form 2

of

of

of
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Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

22:
23:
24
25:
26:
27:
28:
29:
30:
31:
32:
33:
34:
35:
36:
37:
38:
39:

40:

41:

42:

43:

44.
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Accelerated stability data for lot 026CNS27, continued
Long term stability data for lot G384

Long term stability data for lot G384, continued
Accelerated stability data for lot G384

Accelerated stability data for lot G384, continued
Long term stability data for lot P02308

Long term stability data for lot P02308, continued
Accelerated stability data for lot P02308

Accelerated stability data for lot P02308, continued
Long term stability data for lot 25CNS27

Long term stability data for lot 25CNS27, continued
Long term stability data for lot 25CNS27, continued
Accelerated stability data for lot 25CNS27
Accelerated stability data for lot 25CNS27, continued
Accelerated stability data for lot 25CNS27, continued
Long term stability data (T=36M) for lot P02308

Long term stability data (T=36M) for lot P02308, continued

Raman spectra of each component in a lyophilized formulation: each
rectangle range showing distinctive peak(s) of crystalline and lyophilized
CNS7056B (L) and lyophilized lactose (R).

Raman spectra of each component in a lyophilized formulation of
CNS7056B in lactose: crystalline CNS7056B (top), lyophilized (amorphous)
CNS7056B (middle) and lyophilized lactose (amorphous) (bottom).

Representative Raman spectra of crystalline CNS7056B (top 3) selected
within the Raman mapping area of the lyophilized formulation and pure
crystalline (Form 1) CNS7056B (bottom) as a reference.

Table summarizing the results for the stability study of the Lots 12PM529-8-
1, 12PM529-8-2, 12PM529-9-1 and PM0232/12 at initial time point t=0

Table summarizing the results for the stability study of the 12PM529-8-2,
12PM529-9-1 and PM0232/12 at time point t = 4 weeks

Table summarizing the results for the stability study of the Lots 12PM529-8-
1, 12PM529-8-2, 12PM529-9-1 and PM0232/12 at time point t = 13 weeks
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Fig.
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Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

45
46
47
48
49

50
51
52

53
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Table summarizing the results for the stability study of the Lot L10R5
Table summarizing the results for the stability study of the Lot L10R10
Table summarizing the results for the stability study of the Lot L10R5S87
Table summarizing the results for the stability study of the Lot L20R5

Table summarizing the results for the stability study of the Lots L4M110R5
and L4M110R10

Table summarizing the results for the stability study of the Lot L2M110R5
Table summarizing the results for the stability study of the Lot L2M110R10

Critical temperature as a function of dextran content for
CNS7057B:lactose:dextran formulations

Collapse temperature relative to the dextran:lactose ratio for CNS7056B
formulations
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CLAIMS

A lyophilized or spray-dried composition comprising at least one benzodiazepine
according to formula ()

I R’ RE
N W
(Y)m OR!
R3 —N X)q
AN o)
L @
(1

with
Wis H;
Xis CHy nis 1;
Yis CHy;, mis 1;
Zis O;

R"is CHs, CH,CHs, CH,CH,CH,, CH(CHj3), or CH,CH(CHz3),;

R? is 2-fluorophenyl, 2-chlorophenyl or 2-pyridyl;

R%is Cl or Br;

R*, R® and R® form the group-CR®=U-V= wherein R® is hydrogen, C;, alkyl or Cy;
hydroxyalkyl, U is N or CR® wherein R is H, C,; alkyl, Cy3 hydroxyalkyl or Cq¢
alkoxy, Vis N or CH and p is zero,

or a pharmaceutically acceptable sali thereof, wherein the composition
comprises at least one pharmaceutically acceptable hygroscopic excipient,
wherein the hygroscopic excipient is a carbohydrate selected from the group
consisting of disaccharides and dextran and optionally the composition is at
least in part amorphous.

A composition according to claim 1, wherein the benzodiazepine according to formula
N is methyl 3-[(4S)-8-bromo-1-methyl-6-(pyridin-2-yl)-4H-imidazo[1,2-
aj[1,4]benzodiazepin-4-yl]propanocate (remimazolam).

A composition according to claim 2, wherein in the pharmaceutically acceptabie salt
of the benzodiazepine is formulated in cationic form and the counter ion is benzene
sulfonate (besylate).

A composition according to any of claims 1 to 3, wherein the dextran possesses a
molecular weight of less than 150 kD.
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A composition according to any of claims 1 to 3, wherein the disaccharide is selected
from the group consisting of lactose, maitose, sucrose and trehalose.

A composition according to any of claims 1 to 3, wherein the composition comprises a
mixture of a first hygroscopic excipient and a second hygroscopic excipient.

A composition according to claim 6, wherein the composition comprises a mixture of a
disaccharide and dextran, preferably a mixture of lactose and dextran.

A composition according to claim 7, wherein the wt% ratio between lactose and
dextran is from 1:1.0 to 1:10, preferably from 1:1.2 to 1:5, and more preferably is
1:1.50r1:4.

A composition according to any of ciaims 1 to 3, wherein the wt% ratio between the
total amount of hygroscopic excipients and the total amount of benzodiazepines or
salts thereof, calculated for the base, in the composition is from 20:1 fo 1:1, preferably
from 12:1 to 3:1, most preferably from 9:1 to 3:1.

A compesition according to any of claims 1 to 3, which is a pharmaceutical
formulation.

A lyophilized or spray-dried composition comprising at least one benzodiazepine
according to formula (1)

R-‘t

l R® R

N W

YVm OR!
R — P9
0]
(Z),
(1)

with
Wis H;
Xis CHy nis 1;
Yis CHy, mis 1;
Zis O;

R1 is CH::,, CHzCHg, CH2CH2CH3, CH(CH3)2 or CHzCH(CHg)Z,
R? is 2-fluorohenyl, 2-chloropheny! or 2-pyridyl;
R%is Cl or Br;
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R*, R® and R® form the group-CR®=U-V= wherein R® is hydrogen, Ci.. alkyl or Ci4
hydroxyalkyl, U is N or CR® wherein R® is H, Ci.4 alkyl, Ci5 hydroxyalkyl or Ci4
alkoxy, Vis N or CH and p is zero,

or a pharmaceutically acceptable salt thereof, wherein the composition
comprises at least one pharmaceutically acceptable hygroscopic excipient,
wherein the hygroscopic excipient is an oligosaccharide and optionally the
composition is at least in part amorphous.

A stable lyophilized or stable spray-dried composition comprising at least one
benzodiazepine according to formula (1)

Ré .
R

I R° .6
N W
(V)m OR!
» P \H/
3 —-N n
R { i

(@)

R

2

0

with

Wis H;

Xis CHy; nis 1;

Y is CHy, mis 1;

Zis O;

R'is CHj, CH,CHs, CH,CH,CHa, CH(CHs), or CH,CH(CH3)y;

R? is 2-fluorohenyl, 2-chlorophenyl or 2-pyridy!;

R*is Cl or Br;

R, R® and R® form the group-CR®=U-V= wherein R® is hydrogen, Ci.4 alkyl or Ci
hydroxyalkyl, U is N or CR® wherein R® is H, Ci4 alkyl, Cy3 hydroxyalkyl or Ci4
alkoxy, Vis N or CH and p is zero,

or a pharmaceutically acceptable salt thereof, wherein the composition
comprises at least one pharmaceutically acceptable hygroscopic excipient,
wherein the hygroscopic excipient is an oligosaccharide and optionally the
composition is at least in part amorphous, and wherein
the stable composition is a composition in which less than 1% of the
carboxylic ester moiety of the benzodiazepine is hydrolysed during storage for
13 weeks at storage conditions of 40°C and 75% relative humidity.
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13. A composition comprising at least one benzodiazepine according to formula (1)

I R RE
N W
Vs ORt
/
R3 = N\ (X)a
O
. @,

R (1)
with
Wis H;
Xis CHy nis 1;
Yis CHy mis 1;
Zis O

R; is CH3, CHgCHg, CHQCHQCH:;, CH(CH3)2 or CHzCH(CH3)2,

R? is 2-fluorohenyl, 2-chlorophenyl or 2-pyridyl;

R®is Cl or Br;

R* R® and R® form the group-CR®*=U-V= wherein R® is hydrogen, Ci.4 alkyl or Ci
hydroxyalkyl, U is N or CR® wherein R® is H, Cq4 alkyl, Ci5 hydroxyalkyl or Cq4
alkoxy, Vis N or CH and p is zero,

or a pharmaceutically acceptable sal: thereof, wherein the composition

comprises at least one pharmaceutically acceptable hygroscopic excipient,
wherein the hygroscopic excipient is an oligosaccharide and optionally the
composition is at least in part amorphous and

upon lyophilization or spray-drying vields a stable lyophilized or stable spray-
dried composition, wherein the stable composition is a composition in which
less than 1% of the carboxylic ester moiety of the benzodiazepine is
hydrolysed during storage for 13 weeks at storage conditions of 40°C and
75% relative humidity.

14. Use of a mixture of at least one disaccharide and at least one dextran for preparing a
pharmaceutical composition comprising a benzodiazepine with a carboxylic acid ester
moiety as referred to in claim 1 or a pharmaceutically acceptable salt thereof, in
particular remimazolam.

15. Method of preparing a pharmaceutical composition comprising the steps of
a) providing a solution comprising a benzodiazepine as referred to in claim 1
or a pharmaceutically acceptable salt thereof, in particular remimazolam;
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b) adding at least one hygroscopic excipient, which is a carbohydrate selected
from the group consisting of disaccharides and dextran or a mixture thereof
with at least another hygrescopic excipient;

¢) drying the solution from step b) by lyophilization or spray-drying.




