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sublimating and solid salt of an enantiomer of mirtazapine for use as the form of
mirtazapine in the composition. The invention also provides for a method for the
manufacture of a pharmaceutical formulation comprising a pure enantiomer of mirtazapine
in a solid form, whereby the solid form is a pharmaceutically suitable non-sublimating salt
of S- or R-mirtazapine.

Other desirable properties for a pharmaceutical ingredient, such as ease in preparation or
purification or chemical or physical stability in capsules and/or tablets can also be
obtained by use of a salt according to this invention. Improved physical stability can be
due to reduced migration of compound out of the formulation and improved chemical
stability can be due to reduced degradation of mirtazapine. Non-sublimating and solid
salts of S-mirtazapine as well as R-mirtazapine are found to be a.o. the maleic acid, the
hydrochloric acid, the hydrobromic acid, the fumaric acid and the methanesulfonic acid
salts of mirtazapine. The maleic acid salt is particularly advantageous, because it has a
high melting point, readily forms crystals, for which there form no other polymorphs and it
is not hygroscopic. Also, methanesulfonic acid salt is a very useful salt for an enantiomer
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The term 'solid' in this description means that the amorphic or crystalline compound
remains in a solid state at room temperature.

The term mirtazapine refers to the compound 1,2,3,4,10,14b-hexahydro-2-methyl-
pyrazino[2,1-alpyrido[2,3-c][2]benzazepine as active ingredient for a pharmaceutical
formulation. The term is used here to refer o the free base as separate compound or to
the base component in a mirtazapine salt.
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Pharmaceutical compositions are made with an active ingredient, which is a salt of S- or
R-mirtazapine in this context, to which carriers and other excipients are added.

" The characteristics of the salts according to the invention make them most suitable for
manufacture and use in various pharmaceutical formulations for dosaged administration to
a subject. Such forms are adapted to use for particular routes of administration, such as
oral, rectal or transdermal.

For making dosage forms, such as pills, tablets, suppositories, (micro-)capsules, powders,
emulsions, creams, ointments, implants, a patch, a gel, or any other preparation for
sustained release, sprays, injection preparations in the form of a suspension, suitable
auxiliaries such as fillers, binders, lubricants, dispersants, emulsifiers, stabilisers,
surfactants, penetration enhancers, anti-oxidants, colorants, preservatives and the like
can be used e.g. as described in the standard reference, Gennaro et al., Remington; The
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For maki ng dosage forns, such as pills, tablets,

surP03|tor|es (n1cro-)capsu|es _powder s,
actants are agents facilitating the contact and mlgratlon of compounds in different

physical environments such as hydrophilic and hydrophobic environments. Many
surfactants are known in the art of making pharmaceutical compositions as for example
described in chapter 21 of Gennaro et al, Remington; The Science and Practice of
Pharmacy; 20th ed., Publisher: Lippincott Williams & Wilkins; Baltimore; USA).
Surfactants that can be used during the process of preparing the pharmaceutical
formulation are, for example, polyethylene glycol (PEG), and the like.

The salts according to the invention can be made with methods well-known in the art. The
base is dissolved in a suitable solvent, such as methanol, ethanol, ethylacetate or acetone
and acid is added either purely or dissolved in, for example ethanol, ethylacetate or
acetone. The salt can be collected from the solvens by precipitation or crystallisation,
which is, if needed, provoked by cooling the solution or evaporating the solventia.

Figure: Schematic presentation of the sublimation test equipment. A sample is placed on
the bottom of a vessel, which is closed at the top by a vessel-shaped stopper into which
coaling liquid (CL) is circulating and which vessel has an ouflet connected to a vacuum
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gave 3.98 g of white crystals of S-mirtazapine maleic acid salt (92%).

Endothermic peak (DSC): 206 °C; XRPD and ss-NMR; crystalline material; ratio
mirtazapine/maleic acid: 1:1; one polymorphic form, no amorphous material. Dynamic

vapor sorption measurement demonstrated that the salt is not hygroscopic.

3. Crystallization of S-mirtazapine fumaric acid salt

To a solution of 3.01 g of S-mirtazapine in 5§ ml of methanol was added at room
temperature 1.31 g of fumaric acid resulting in a quick precipitation. An additional of 5 ml
of methanol and 20 ml of ethyl acetate were added to the suspension to redissolve the
solid. Part of the solvent was evaporated to start the crystallization from a clear solution.
After stirring for several hours, the white crystals were collected by filtration and were
dried in a vacuum oven at 40 °C. This gave 3.76 g of white crystals of S-mirtazapine
fumaric acid salt (87%). Endothermic peak (DSC): 178 °C; XRPD and ss-NMR: probably a
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6. Crystallization of S-mirtazapine trifluoroacetic acid salt
To a solution of 0.50 g of S-mirtazapine in ethyl acetate was added a solution of 142 ul of

trifluoroacetic acid in ethyl acetate. As crystallization did not start spontaneously the
solvent was evaporated slowly. During evaporation of the solvent the salt started to
crystallize. This yielded 0.65 g of S-mirtazapine trifluoroacetic acid salt. Endothermic
peak: 185 °C. In experiments according to example 10, it was found that this salt was not
a non-sublimating salt according to the definition of a non-sublimating salt in this
description.

7. Solidification of S-mirtazapine formic acid salt, S-mirtazapine acetic acid salt, S-

mirtazapine propionic acid salt and _S-mirtazapine phosphoric acid salt did not succeed.

Example 8.
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qol id Part of the solvent
C@d@ﬁrﬁbhbe}ﬁbﬂeon froma cleagogpl ution. After stirring
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shile piaesapi ne fumari c aci d| Saltion A3-Aefameythotrveium c
peak (DSC): 178 0C, XRPD aWﬁbdﬁﬁld&'W&\bl‘@ﬂ@Q@QiUhfom it ur
of three pol ynorphic forns @E’ goms anor phous
material. The fumaric acid r{®

[¢)

35 + 65, V+V
Flow rate 1.5 mL/min
Detection S-mirtazapine: UV 290 nm

Degr prod A: UV 240 nm
Degr prod B: UV 240 nm
Degr prod C: UV 240 nm
Degr prod D: UV 240 nm
Injection volume 10 ulL

Run time 27 minutes

Approximate retention times *
S-mirtazapine 14.5 £tr £17.5 minutes
Degr prod A 23.1 minutes

Degr prod B 3.0 minutes




attracts water fromenvironnental air to forma
hydrate, which can |oose its water content upon
walegosnop3st . Crystallization of S-mrtazapi ne PCT/EP2005/051714
hvdrobrom c acid salt To a solution of 3.01 g of
S-mrtazapine in 5 m of nethanol was added at room
tenperature a solution of 1290 m of hydrobromc acid
in 20 mM of ethyl acetate. Rart of the solvent was
evaporated, which resulted in the formation of an oil.
§ E|t;|:b(?<f.lure was cool ed to DsQfinaer eupon
S

i zation started. The V\:hl{e crystals were

Hh\/ filtration an 7 rlanllnnunnnnm
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sTé.‘Pldetﬁ§§“ Emig plcmiriggaringiap {fo¢ kfse Wa%se?d‘“’ﬁr?ﬂt'w ritggorgesponding
ranshgidwato2 mpader anbi ent conditions. A water free
didi@ssubst ance sanple attracts water when it conmes in

tac h enviro alr. ie.i

IERLFYpor At e ao o Puplefo ik SR PG o
réth®@nesul foni ¢ aci d salt To a solution of 3.01 g of
Dt pro@BaR2, 8@, 10, n4tbHedahgalo-preethanpbzinvuggs1-aldgtied2at r oom

@ng@,{zgi rn@-ZaoxﬁgldH%ercQ of 743 m of nethanesul fonic
drsbEPac T2 el rs stigperezepin

s‘t(%hltoeel. The white crystals were coll ected by

fodgk braa DOR-[ 2Bk 0wy €ro-d Do 1HApydid o[ 2, 64| R bede@zapiat! 1-40etR/Q-N-

Trpét gT .09 g white crystals of S-mirtazapine
anes onic salt (51% . Endotherm c peak (DSC):

208 0C, XRPD and ss-NVR: crystalline material mainly

otfeSyhfingtionitests 6. Crystal |ization of S-mirtazapine

trifluoroacetic acid salt To a solution of 0.50 g of
5,2 blifiatbiD1 PVl 3RRLA Bl & sitrlidr st Of
) t
ﬁlﬁamrﬁ eaé?p?{”ﬁ}ﬁ?tF'E (1)(?_0 )z:lea{sl%c acl g Slg\ﬁﬁe acetare.
cgayipmantias Jgstiatad yFigurR de Thederpreratsy int g Cpaft’*rfé
controllable. The sample holder has a reduced pressure, which was 150 mBar by default.
The sample chamber also consists of a section with reduced temperature (the “cold
finger”), where the temperature is approximately 5°C. The majority of material that

sublimates in the test sample with high temperature will precipitate on the cold finger. The

amount of material on the cold finger after a test period of 72 hrs has been quantified
using HPLC analysis. The degree of sublimation is expressed as the fraction material on
the cold finger (as percentage) of the initial sample size. Additionally, the sublimation of
active compound from tablets “drug product” has been tested.

Results
Table 1 lists the sublimation results of the S-mirtazapine, S-mirtazapine.HBr, S-

mirtazapine.maleic acid, S-mirtazapine.fumaric acid and tablets containing some of these
compounds under several test conditions.



sol vent was evaporated slowy. During evaporation of

the solvent the salt started to crystallize. This
wQe@bde3sn. 65 g of S-mirtazapi ne trifl uoroacetPCT/aR2005/051714

salt. Endotherm c peak: 185 OC. In experinents

according to exanple 10, it was found that this salt

was not a non-sublimating salt according to the

definition of a non-sublimatdng salt in this

description. 7. Solidification of S-mrtazapi pe

ffdbid £ aci shphimdation reslikd t @zapi ne acetic acid salt |

Smi rtazapi ne propionic acid salt and S-m rd %ﬁag{' ne

phosphoric acid salt did not succeed. Exarrpl1 M Thi s

| Terhpersle@@pamtr at e t he driug shbstdnep i N a manner of

pﬁr%?&!rg%ﬁﬂmgi enant | %f&a{a%lnkéaﬁh’&e m rtazapine. The

salt of this exanple is noft approved for
pFest Reliodut? g1 use. oSBtiEFaRIne Belchh of S- ¥ azapi ne
(+VO O Di benzoyl -D-Tartaric acid salt 23.33 g
MrdntpfadeN§o°¢ O g 3770)prugsutsdtmee! ved in 94 m  of

e . enper at . of Afilt tion
o%'jg%%‘%éggm?ig - rcr)p O di t)%ﬁ!zﬁgﬁpgéB%gF Faric ag%%?/%%&ét e

i Festperiogi 740set hanol  (StO9gerRESElded t o t4%9%var m
solution. Then the rea&itampmexBur e was codalled down to

roomtenperature. A seggliarpibaacnagiqaddedno the
reaction mxture to i rg'_ti ate crystal lizati g{ﬂ After

stirring for 19 hours,>VEERNGHRHENEr e G ected by
filtration. The yiel d oMirferpingeiCl crystal s Gds 25.7 g
and the e.e. was 88.04% The crystals wer@e3uspended
in 880 m of ethanol angdismehkendbidifl I, 0.0%
tenperature. The reactign m xture was cool e own and
crystallisation startéf'® After 16 hours the crystals
were collected by filtration. The yield of the wet
crystals was 20.4 g arlug p@dectdtabrs 98. 9% The

remai ning not her [i qug_mﬁg{gpmgﬁa%%%d to obtajg

R-m rtazapi ne by conbi ning wt

(-)-0O O D benzoyl - L- Tasr"ﬂ“ﬁtg?a@'“%'?ﬂta@?tSAssa Pbr
S-mrtazapi ne and degrauseipinemeigacs b HRDC* | f the
retention tinme of the if§did'rtazapi ne peak i s not

canf V. msuitability criteria prior to
a%%%&lg\?ﬁlwéfd%egﬁne phase shoul d be adj usted by
adda galgqgﬁaée Betigpeddfes, are results of replication experiments.

' The composition of the tablets used for the sublimation test detailed in table 3.
2 Formulation C as in table 3.
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0.1 M The detection limt of S-mrtazapine as free
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99.3

1.0

alhl ot o
apoT Tttt o

T=3 months

5°C/A  125°C

60%RH

30°C/
60%RH

40°C/A |40°C/

75%RH

60°C/A

S-mirtazapine

Formulation A

100.6

101.0

96.3

90.5

18.0

S-mirtazapine

Formulation B

100.6

99.

6 96.8

91.8

25.5

S-mirtazapine

Formulation C

101.1

98.

5 95.3

91.3

43.0

S-mirtazapine

Formulation D

954

986.

9 93.3

90.9

33.6

S-mirtazapine.

Formulation F

103.3

102.4

102.9

103.2

104.8

103.4

Maleic acid 2

S-mirtazapine. |Formulation G |101.2 [102.4

Maleic acid 2

100.0 100.3 [102.6 101.5

A = ambient humidity

RH = relative humidity

T All tablets, except some of the S-mirtazapine.maleic acid salt tablets, contain about 1 mg
S-mirtazapine calculated on basis of the amount of the base. However, due to losses
during the manufacturing process, the content may be lower. The formulations are shown
in table 3.

2 The first row shows the results from the 1 mg/65 mg tablets (formulation F; see table 3).
The second row shows the results from the 10 mg/160 mg tablets (formulation G; see
table 3).



Results Table 1 lists the sublimtion results of the
S-mrtazapine, S-mrtazapine.HBr, Smrtazapi ne. naleic
w@eiod/108s2mi rt azapi ne. fumaric acid and tabl et s PCT/EP2005/051714
cont ai ni ng sone of these conpounds under several test
conditions. Table 1: Sublimation results Sublimte
Tenperat ure: 400C Drug substance Pressure: 150 nbar
S-mrtazapi ne Batch E 0. 75%1Test period: 72 hrs
S-mrtazapi ne Batch J 0.88% Tenperature: 600C Drug

sehsifance @Jnepgg,%rpoftﬁgﬁg)o,apar S-mrtazapine Batch E

5 Q’)O/n 2 2204 Test eriod 72 hrs Sm¥tn7np| ne Batch.J

4Cé}ﬁ;%nSnm rt azapi neQnH&tltmttﬁleﬂr[mg]azam ne. maleic acid
<DL _S-mirtazapi ne. fuiRlibton@C | Formbletioh 81| Fb@7 2P1) REmi el
TS o ot [Lobh ot s) 4 Boni-rtazegiNet aG e 2
73211rta%r$19m|&rt azapi he. HBr tgab ets <DL Stm rtazapine
”ﬁhﬁtaﬁaﬁfe‘.rﬁ’aléﬁ&h&& aplets 1

Magnesium stearate 0.325 0.325 0.325 0.325

Sodium starch glycolate 1.95 1.95

Maize starch 6.5

Potato starch 5.1

Dicalcium phosphate 26.0

Hydroxypropylcellulose 1.3

Aerosil 0.975

Povidone 15.4

Lactose monohydrate To 65 To 65 43.5

Microcrystaliine cellulose To 65

Total tablet weight 65 65 65 65

Table 3 continued

Component Quantity per tablet [mg]

Formulation E | Formulation F | Formulation G

S-mirtazapine

S-mirtazapine.HBr ' 1.3052

S-mirtazapine.maleic acid 1.437 2 14.37 3
Magnesium stearate 0.325 0.325-0.49 1.2
Sodium starch glycolate 1.95 1.95 4.8

Maize starch

Potato starch

Dicalcium phosphate

Hydroxypropylcellulose

Aerosil

Povidone

Lactose monohydrate To 65 To B85 To 160
Microcrystalline cellulose

Total tablet weight 65 65 160

Notes to Table 3



<DL = Below | evel of detection a If two values are
mentioned these are results of replication
wexpsenosent s. 1The conposition of the tabl ets pPeEHEP{005/051714

the sublimation test detailed in table 3. 2

Formul ation C as in table 3. Table 2 continued A =

anbient humdity RH = relative humdity 1 Al tablets,

except sone of the S-mrtazapine.maleic acid salt

tabl ets, contain about 1 ng S-mirtazapi ne cal cul at ed
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Iossesmdurlng tﬁe manuf acturi ng process, the conten

?%g:B% Yker . The formul ations are shown in table 3. 2
repRogEs todinsFreiEezene 38833 ts fromthe 1 ng/ 65 ny

t atdret®ndd oriowgs-motazdpinesebaseabl e 3) . The second row

shoms the results fromthe 10 ng/ 160 ng tablets
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amaashied ételﬂ@ﬁ 2 angrfe. lUs eleer thehibe S-miftazepipagsiniaat dpgebasdsioive c
ag@blets seHtdiningIharéd Resa BHiiGazABhe The @itiedsSia ptobaldfichused by
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erence 1s al so see cont ai ni ng
SRR WS ARPeheed: S— m rtazapi ne. HBr

orS-mrtazapi ne. mal ei ¢ acid. The_stability of tablets
CPHecAbrmicA Stabititiof thedag brdeudd Whs Farther 5@@@@« HyQiefBrhifdtlon aCi d
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ne con decrease
Table 4: Stablllty results assay and degradation products
Drug substance Formulation * T=3 months

5°C/A |25°C  |30°C/ [40°C/A [40°C/ |60°C/A

60%RH |60%RH 75%RH
S-mirtazapine Formulation A 100.6 (101.0 196.3 90.5 |18.0
Degradation products
Degr prod A <0.1% [<0.1% {<0.1% <0.1%|0.53%
Degr prod B <0.1%(<0.1% {<0.1% 0.16% |3.70%
Degr prod C <0.1% [<0.1% |<0.1% 0.14% |1.06%
Degr prod D <0.1%10.11%10.14% 0.35% |5.57%

S-mirtazapine.maleic acid |[Formulation F 103.3 {102.4 [102.9 |103.2 (104.8 |103.4

Degradation products n.d. n.d.
Degr prod A <0.1%|<0.1% |<0.1% (<0.1%
Degr prod B <0.1% {<0.1%{<0.1% |0.18%
Degr prod C <0.1% {<0.1% [<0.1% |<0.1%
Degr prod D <0.1%1<0.1%<0.1%0.11%

Notes to Table 4



tabl ets containing the free base S-mrtazapine. The
decrease i s probably caused by sublimation. In the
w0 aissa0235z0ont ai ning S-mrtazapi ne. mal ei ¢ aci d POI/EP2005/051714

decrease in the content was observed. The chem ca
stability of the drug products was further anal ysed by
determ nation of chem cal degradation products. The

assay val ues after storage ase shown in table 4. Table

4: Stability results assay and degradation products
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act.i j - ' . [ e tao. |l osses
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c BHTUAPIS A Shown|itiRBE 3- The fornul ations are shown in

t athl=enoBdetetTmihed= not determ ned A = anmbient humdity
Net@mbRathumitity he tabl ets cont ai ni ng
S-mrtazapine.mal eic acid no decrease in the content
was observed. Degradation products found in tablets
ciefe HeHD fig tesis eqn | heirgrarigRmatelsAsidinadecraasedl the arant
awas ghs@vedd Degradatidaybducts found ingalflels cant=gringdBmofazdpire or S-
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Sediitainlir@AiegfrertatdBininamnesha v sthigd dugnd he sareberibe Lbssds
Lmrec%n&i%g o Wt‘éh&@ﬁ tﬂﬁpeﬁa%r@ @ho e Praﬁfbgel fgr tg% {ngleic acid

tenperature were not nor e ortﬁm_

S WS L T TR T e Boreiaorodiels aeedy
t dreoudtigebeidd 1°%n products al ready anount to about
11% C ainms 1. A pharnaceutical formrulation conprising
an enantioner of mrtazapi pe, characterised in that
the mrtazapine is present as a pharmaceutically

sui tabl e non-sublimating and solid salt of

m rtazapi ne.



2. The pharmaceutical fornulation according to claim
1, characterised in that the salt is selected fromthe
WO p@/16365i sting of the salt of maleic acid, PCI/EP2005/051714
hydr obrom ¢ acid, fumaric acid and nethanesul fonic
acid. 3. The pharmaceutical fornulation according to
claim 2, characterised in that the salt is of maleic
acid or of nethanesulfonic aegid. 4. The pharnaceuti cal
formul ation salt according to any one of claim1-3,
chasacterised in that the enantionmer of mrtazapine is
the S-enantioner. 5. A nethod for the manufacture of a
phar maceutical formulation conprising an enanti oner of
-t REZERACRidicRl forauiginnicamprisigan ERieeeref ElagRring. ShRmEtetied
solin thaf toe miriagaptnepheseacasd phaaacgutisally saitable non-sublimating and
NONsofid it ioPRiniingal t of S- or R-mrtazapine.

2. The pharmaceutical formulation according to claim 1, characterised in that the salt is
selected from the list consisting of the salt of maleic acid, hydrobromic acid, fumaric
acid and methanesulfonic acid.

3. The pharmaceutical formulation according to claim 2, characterised in that the salt is of
maleic acid or of methanesulfonic acid.

4. The pharmaceutical formulation salt according to any one of claim 1-3, characterised in
that the enantiomer of mirtazapine is the S-enantiomer.

5. A method for the manufacture of a pharmaceutical formulation comprising an
enantiomer of mirtazapine in a solid form, characterised in that the solid form is a
pharmaceutically suitable non-sublimating salt of S- or R-mirtazapine.



