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In a first aspect, there is provided a pharmaceutical formulation comprising an
enantiomerically purified form of mirtazapine, characterised in that the form of
mirtazapine is a pharmaceutically suitable, non-sublimating, non-hygroscopic and
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3. Crystallization of 8-mirtazapine fumaric acid salt

To a solution of 3.01 g of S-mirtazapine in & ml of methanol was added at room
temperature 1.31 g of fumaric acid resuiting in a quick precipitation. An additional of 5 mi
of methano! and 20 mi 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 soiution.
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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7. Solidification of S-mirtazapine formic acid salt, S-mirtazapine acetic acid salt, S-
mirtazapine propionic acid salt and _S-mifazapine phosphoric acid salt did not succeed,

Exampie 8.



sol vent was evaporated slowy. During evaporation of

the solvent the salt started to crystallize. This

yielded 0.65 g of S-mirtazapine trifluoroacetic acid
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definition of a non-sublinating salt in this
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{ 8o'BPAi n R-mirtazapi ne by “’F@ﬁ’t‘ﬂ'T]F‘i"?g’“wecﬂe"ahydmf”ra“
-)-O O Di benzoyl -L-Tart ar|id¢2 +42P 293, VAYEMy f or
Bvdkik b@ga i ne and degr adat|isetiop hadsth@thparibdunCol un

dypersil ODS, 250 x 4.6 mnﬁ&,deg%@mtesﬁ%wawnt

(D

-

col um Col umtm tenperature I on A Met hanol | +

acetonitrile + tetrahydrof ' 36.2 + 42.5 + 21.3
+V+\/_ Mbbil e phase Sol ut. ﬁﬁ*'éﬂei_r_anei_h_w_amm_un

Flow rate 1.6 mlL/min

Detection ' S-mirtazapine: UV 280 nm
Begr prod A: UV 240 nm
Pegr prod B: UV 240 nm
Degr prod C: UV 240 nm
Degr prod D: UV 240 nm

Injection volume 10 ul

Run time 27 minutes
Approximate retention times *

S-mirtazapine 14.5 <1g < 17.5 minutes
Degr prod A 23.1 minutes

Degr prod B 3.0 minutes




hydr oxi de pentahydrate solution 0.1 M (pH=7.4), 35
+ 65, V+V Flowrate 1.5 nmm n Detection
S-mrtazapine: U 290 nm Degr prod A UV 240 nm
B: UV 240 nm Degr prod C UV 240

Wg?%{?’lg:‘ 240 nm Injection volune 10 L Ruﬁ%ﬂEﬁe%?’}snm
m nutes Approximate retention tines S-mrtazapine
14.5:5 tR <_ 17.5 mnutes Degr prod A 23.1 ninutes
Der prod B 3.0 nminutes WO 2005/ 102352
PCTJEP2005/ 051714 8 Degr prod C 5.6 mnutes Der
0d—D § 7 mnurtes It the égt enfLon time of the
29 PP4Yapi ne peak is not |€0ATOFM the system

BBIPity criteria pri he.7 iy is '
phiaseretehiionltiche bEha 8imirtszapthelpyakdsiutit ergfogoime syssEmutuitaiityA
Ofritehi€ bicR IR AYd 2 R R1bilé Phins dhddie 1 @djRestt 19 RN EiAoRie solution A
59t BBcdontlin BB HSIEEH Rk oluflnlo.Gh, S~ rtazapi ne
as free base qr as active entity 1n its correspondi ng
Sg]etdeflegtioﬁ @'PIB%SGT_]IB?&W@S_ asl{lﬁﬁﬂ%“? or %@fjt}ve ﬁ?%/dn &s coresponding
2528 jshelag 0P8 M3ahydr o- 3- met hyl pyrazi no[ 2, 1-a] pyri do[ 2, 3
- ®grpe?] benzazepi ne- 9(1 H)-one Degrprod B:
1 & a105 ALADTdraxARY Gyt BRI | BlprRgh BRfHAhehBbne | d
%f%_oﬁe i]O[ 2] benzaPzﬁgpi ne- ﬁgxi d(g dimE{/dr[at ek%egr pd?od
129¢r et Bl it 6% PRy B e VRGP O TRy IaIad] 2, 3-¢] [ 2
] fighemaepine2-otifdfydote _
Degr prod C: 3,4,10, 14b-Tetrahydro-2-methylpyrazinof2, 1-a]pyrido[2,3-c][2]benzazepin-
1{2H)-one
Degr prod D: N-[2-(5,10-dihydro-10-oxo-11H-pyrido{2, 3-cl{2]benzazepin-11-yl)ethyl}-N-
methyl-formamide

10. Sublimation tesis

A sample (approximately 10 mg) was placed in 2 sample chamber of sublimation test
equipment as flustrated in Figure 1. The temperaiure in the sample chamber is
controltable. The sample hoider 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 femperature is approximately 5°C. The maijority of material that
sublimates in the test sample with high femperature will precipitate on the cold finger. The
amount of material on the cold finger after a test peried of 72 hrs has been guaniified
using HPLC analysis. The degree of sublimation is expressed as the fraction material on
the coid 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 tabiets containing some of these
compounds under several fest conditions.
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I ?ESSF ger{gﬁgﬁ;hﬁ%l i mat i ong&é%gﬁngggw?he S m'4'rI azapi ne,
S-mirtazapi ne. HBr, S SHMERNEHPhe. mal ei ¢ <Bki d,

S- i rtazapi ne. f umar i cS#tiedepinadnateigighidt s colbt ai ni ng
sone of these conpousddrazipthesunseyaical test

condi tions. WO 200511023k HcFP2005/ 054644 9
Tabl e 1: Sublimation results Sublimated nper at ur e:

40C Drug substance ‘Pressure; 150 mbar S-niftazapine
Batch E 0.75% Test pé&mir&garinpmefiipaesyione f4%apPhe
Batch J 0.88% Tenperatidure: 60C Drug substance
Pressure: 150 nbar S-mirtazapine Batch E 5.32% 2.22%

Test period: 72 hrs Spgiy, iBRtsBatch J 4.29%
S-nmirtazapi ne. HBr <DL mgp?%@ﬁ =

- I ne. <
S-mirtazapi ne. funari csiﬁ'ﬂrfag;pg%ﬁa%%%% m'er ?glz glgl%ﬁgm EI CIDL
0. 2% S-mirtazapine.HBr tablets <pL
S-mirtazapine.maleic acid <PL
tablets!
<DL = Below level of detection -
2 If two values are mentioned these 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.



0.2% S-mrtazapine. net hanesul fonic 0.1% 0.0% acid

Drug product (tablets)' S-mrtazapine tablets' 7.21%

S-mrtazapine. HBr tablets <DL

ﬁzﬁﬂs hAgapi ne. mal ei cacid <DL tablets' <DL C@ﬁ%i’dﬁ’smsmat
eve det ection a if tw values are nenti

t hese are results of replication experinments. The

conposition of the tablets used for the sublimtion
test detailed in table 3. 44 Fornmulation C as in
table 3. WD 2005/ 102352 PCT/ EP2005/ 051714 10 Table

2iranth 201 |1 geh ﬁlﬁﬂésﬁltg ug substance Fornul ation Content
70 OT 5: L T

Tt da I’}'[ BTt 5CA 25CH-30C———
Bﬁlgﬁ“h ce at@G%RHCBWF(I’“f’gW cogtepdr t azapi ne
ormul ati on A 100.7 94. % = 4SadRes t azapi ne Fornul ation B
005948 A-rt-azapi-he—FormilationC 100. 2 96
-m rtazapi nge Fornul at i gmaD 18 Qi 18TA r e apknEa
or mul ati on 99. 8 98. 8| 99. Oledd@n> |[del@K 2 99. 3rsuihl i C

Al 1T isgzapkhe, Hor nul %d-pn G 98.19 99.13,99.
cacig_2_Tapbte—2—conty rived

Vet
..légr"*”w“mﬁﬁ*: on—ont-eAt—(Y%lof—inptf al
8600/ A

FommiationC 50 A 2500ENC | 40C/IA 40

w1

OO MnkE T b~

3,4

%

G

(¢

B
C

S-mirtazapine

r@qzagine T=

Formulation D

95.8

91.0

S-mirtazapine.
Malsic acid 2

Formulation F

299.8

8.8

99.0

99.5

100.2 199.3

S-mirtazapine.
Maleic acid *

Formulation G

08.9

99.3

89.1

99.9

98.¢ 1100.0

Table 2 coniinued

Drug substance

Formulation *

Content (% of initial confent)

T=3 months

5°C/A

25°C
80%RH

30°C/
B80%RH

A0°CIA

40°C/
75%RH

B0°C/A

S-mirfazapine

Farmulation A

100.6

101.0

86.3

920.5 18.0

S-mirtazapine

Formulation B

100.6

99.6

26.8

21.8 25.5

S-mirtazapine

Formulation C

101.1

88.5

85.3

91.3 43.0

S-mirtazapine

Formulation D

954

86.9

23.3

20.9 33.6

S-mirtazapine,
IMaieic acid *

Formulation F

103.3

102.4

102.8

103.2

104.8 103.4

S-mirtazapine.
Maleic acid ?

Formulation G

101.2

102.4

100.0

100.3

1026  [101.5

A = ambient humidity
RH = relafive humidity
! All tablets, except some of the S-mirtazapine.maleic acid salt tablets, contain about 1 mg
S-mirtazapine caiculated 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 resulis from the 10 mg/160 mg tablets (formulation G; see

fable 3).




60%RH 60%RH 759%0H S-mrtaza ine Fornulation A 100.6
101.0 96.3 90.5 18.0 S-mirtaza ine Formul ation B
100.6 99.6 96.8 91.8 25.5 S-mrtazapi ne Fornul ation
£8.5 95.3 91.3 43.0 S-mirtazapine
W 05 4 95.9 93.3 500 336 PCT/ER200/03T714
S-mrtazapine. Fornmulation F 103.3 102.4 102.9 103.2
104.8 103.4 Maleic acid 2 S-mrtazapi ne. Formul ation
G 101.2 102.4 100.0 100.3 102.6 101.5 Maleic acid 2
A = anmbient humdity RH =relative humdity ' Al

tg%ll!ee%gbl g(%%gn%ggltmﬁggﬁe%& éhe S-mrtazapine.maleic acid

conta mt ] ng S-m rta7an| ne
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Srotetotsgrd ine ' 1.0 1.0 1.0(1.0 S-mitaza inglHBrl
SDFEiaIEiEnﬁéﬁosbﬁh?e mal gi caci d Magnggi um st earate D. 325
C“ﬁy 5 ur. dfcbw%ész Sodi um stlarch T col ge 1.5 1.95
Vet L%xygf)%y: N ES-5-Rotat o—starteh—5—t DFL,aILI tm
pheeshat e 26. 0 0.975

Povidone | 15.4

Lactose monohydrate To s To 65 43.5

Microcrystaliine celiulose ' To B5

Totat tablet weight 165 . 65 85 - 85

Table 3 continued

Component Quantiify per tablet [mg] _

Formulation E | Formulation F | Formulation G

S-mirtazapine *

S-mirtazapine.HBr * 1.305 2

S-mirtazapine.maleic acid * 14372 - 14,373

Magnesium stearate 0,325 0.325-048 1.2

Sodium starch giycolate 1.85 1.95 4.8

Maize starch

Potato starch

Dicalcium phosphate

Hydroxypropyicellulose

Aerosil

Povidone

Lactose monchydrate To 85 | To G5 To 160
Microcrystalline cellulose

Total tablet weight 65 85 160

Notes to Table 3



Hdroro lcellulose 1.3 Aerosil 0.975 Povidone 15.4
Lact ose nonohydrate To 65 To 65 43.5 Mcroc stalline
cellul ose To 65 Total tablet weight 65 65 65 65

'Wégwﬁﬁ?%?con“ nued Conponent Quanti per tabl %?#?5022{051714

ion E Fornulation F Fornmul ation G
ine' S-mrtaza ine.HBr' 1.305 2 S-mrtazapine.naleic
acid 1.437 2 14.37 3 Ma nesium stearate 0.325
0.325-0.49 1.2 Sodium stargh glycolate 1.95 1.95 4.8
Mai ze starch Potato starch Dical ci um phosphate H

dro ro lcellulase Aerosil Povidone Lactpse :
e iR 1 o ey e eSS oS BE Rpemarey be
clwersr Bger-Tot al tabl et weight 55 65 160 Notes-to
Tabéres®nidle 2 6Q5-hip2abife #OEEP2005/ 051714 12 'Due to

| oSSRSpcAds Ot hRE SPFigbeREasBidel Ng t he manuf act uri ng
process, the content may be |ower or higher. 2

" PR st fpey e s T Fa el ndS mtES g subjpgtes st e

r easdifiang ugsrd. TheS-iriprapiRaidipRromis $pid sWoSvmirizagrine melefcragid salt,

b asis-Birtadapita tepiicesidsalbdd nvbdublinagd. Thidwdfference is also seenin
tablets containing S-mirtazapine, S-mirtazapine.HBr, or S-mirtazapine.maleic acid.
The stability of tablets containing S-mirtazapine and S-mirtazapine. maleic acid was also
maesured (tables 2 and 4). It is clear that the S-mirtazapine content decreases in the
tablets containing the free base S-mirtazapine. The decrease is probably caused by
sublimation, in the tablets containing S-mirtazapine. maleic asid no decrease in the
content was observed.

The chemical stability of the drug products was further analysed by determination of
chemical degradation products, The assay values afier storage are shown in fable 4.

Table 4: Stability results assay and degradafion products

Drug substance Formulation ' T=3 months

S5°CIA  [25°C  |30°C! |40°C/A |40°C!  |GO°C/A

' 60%RH [60%RH 75%RH
S-mirtazapine Formuiation A 100.8 |101.0 196.3 80.5 8.0
Pegradation producis
Degr prod A <0.1%|<0.1% <0.1% <0.1%{0.53%
Degrprod B <0.1% [<0.1% |[<0.1% 0.16% }3.70%
Pegr prod C <0.1% <0, 1% <0.1% C.14% [1.06%
Degr prod D <0.1%10.11% |0.14% 0.35%5.57%

S-mirtazapine.maleic acid  |Formulation F 103.3 {102.4 |102.¢ {103.2 |104.8 1103.4

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%
Dagr prod C <0.1% [<0.1% |<0.1% (<0.1%
\Degr prod D <0.1% [<0.1% [<0.1%]0.11%

Notes fo Table 4



condi tions used. The 8-mrtazapi ne hydrobrom c acid

salt, S-mrtazapine naleic acid salt, and
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The assay val ues after stor age are shown in table 4.
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162, Wheldd8 fo? thi rm@atibd Yitidihe Dehassind tagradatioo givdics: aireddly
N aflount a8KHut Prepd A <0. 1% <0. 1% <0. 1% <0. 1% Degr prod B
<0.1% <0. 1% <0. 1% 0. 18% Degr prodC <0. 1% <0. 1% <0. 1%
<0.1% Der prod D <0.1% <0.1% <0.1%0.11% Notes to
Tabl e 4 WD 2005/ 102352 PCT/ EP2005/ 051714 13 ' All
tabl ets contain about 1 ng active entity
(S-mrtazapine). However, due to | osses during the
manuf acturing process, the active entity content may
be | ower. The



formul ati ons are shown in table 3. n.d. = not
determned A = anbient humdity Note that in the
tabl ets containing S-mrtazapine.maleic acid no
decrease in the content was observed. Degradation
products found in tablets containing S-mrtazapine or
S- mrtazapine. mal eic agld are provided in Table 4.
The formulation of the t4blets is simlar (table 3).
In tablets containing S-mrtazapine.maleic acid
(ﬁmnmstored for 3 nmonths at 40/ 75%H the concentration of
t he degradation products was |lower than in tablets
contai ning the free base S—n1rtazap|ne that were

tored durin e sane period. ses nden
1. A pRyiacenil B Sl At sErioraicHe Aighe fm of
mmmtnermhaa&eﬁsetdm tAEd 1Bk Gorfs bﬂmlr&abpmewq piedrmiagsuticAmy
nul at e free base ESige radation

suitdsfe, Hop S biNatiigg for AFesEeORiS AR Rall Sai SO MEFaPIet ai s 1.

A pharnaceutical formulation conprising an

enanti o al | urified formo mrtaz
2. The BRAMiacPBRPLEAMHIHAGCORTD oot cHieEiERag andtdhessal
is ofi@lEioaeidriof Alethanesulichittdeid. nNon- subl i mat i ng,
non- hygroscopic and solid salt of mrtazapine. 2. The
phar maceutical fornulation according to claim1,

3.The ﬂ’fmhaeélﬁrcialsﬁﬂnhlﬁném@élt tab@brasa.btto digimof of®l, @hgragerigedin
anes Ifonlc aci harnaceutlca

*hatﬂ’t?r?ﬂﬂ” ?”‘8r 'T‘?Z%'Fo'ﬁgh%é et“&“% m1l or 2,
characterized in that the enantloner of mrtazapine
i s, the S-enanti nmet hod .t o prevent

4 A BREPIS BRGE SPRIIEiAR: A TFVGRTRIS BT g oBhaEiaceutical
formfumtlﬁmcampﬁﬂng? aﬁ@haﬁﬂ;mermn;eﬁ@meucmm bClrlatamé irf 4 €6lid

mrta ine.in a solid forn1b maki ng t he
formy By AR e JoRATIRY &Y PR %nBaph AMRuERARescply
accaptaapt abdllﬁryaliéil tHearsylid Ofotri€of Qhé derfadioingf dfhmirtazapine,
terized in that the

m rtazapi ne
ChargRAHSD A1 AP BT PBRTY GRATFS o iia e TP eicRly
suitabld, nehlsablimatimgsmal sol@ baingr St Relittapidkt of S- or
R-mrtazapine. 5. An enantionerically pure solid salt
of mrtazapine selected fromthe group conprising of
5. An Sadiﬁtlbtr&ﬁaéllynﬁurﬁabﬁal €alt fNinfria2@BiRE Nielected from the group

comgnﬂpqt fs gpf 2 %Bplgmsé@%%g%%&?@élgga %%%h%negﬂ{oﬁgtee, oé—
mirtdapneEGR Hiagts Bydriterons-mirizeapiae BRinhigé Abnahykte.
according to claimb.

6. A pharmaceutical formulation comprising a salt according to claim 5.



