DESCRIPTION MALEIC ACID SALT AND CRYSTAL THEREOF Technical Field [0001] 5The present
invention relates to a maleic acid salt of a benzkl][1,3]oxazine derivative, and particularly, to a crystal
thereof. Background Art [00021 Human neutrophil elastase is a kind of serine hydrolase released from
10 granules of neutrophil, which appear during infection or inflammatory disease. Neutrophil elastase

is an enzyme hydrolyzing elastin, collagen, prﬁﬁggﬁéﬁﬁg&mectin, and other proteins which
constitute the interstitium of intravital connect as lung, cartilage, vascular wall, and

skin. In addition, it has beerM@? ' tg eyt pfil t n@% rqteins or cells. 15 [00031
Serine hydrolase including ml msé&% irﬁ s@%mggs ' Bmg body. The activity of
serine hydcifgla%e is r}eguliéed by an endogenous protein inhibitor such as an al-protease inhibitor, an
a2-macroglots KeCretory leukocyte protease inhibitor. However, when a balance between the

20 neutropﬁ%&lﬁﬁtase and the endogenous inhibitor is lost by excessive release of neutrophil elastase
in the infla ion site or by decline in an inhibitor level, the regulation of neutrophil elastase activity

canno be kept, angfissues ate inlured 10004 25Examples of diseases invlved n serne hydrolase
include pulmonary emﬁ%ysema, acute respiratory distress syndrome, adult respiratory distréss
syndrome_ 8%%‘3;?’81&%%@%%%@}% %23! %%eg?&g%l(l{m?gx .tIC pu_lmonary flbr05|s,_ ch_ronlc interstitial
pneumonia, chronic Bronchitis, chronic’ sinopulmonary infection, diffuse panbronchiolitis,
bronchiect%sis asthma,glggancreatitis, nephritis, hepatic failure, chronic rheumatoid arthritis, joint
a}ck%r%ur% . . - . o :
scleroma, osteoarthritis, psoriasis, periodontitis, atherosclerosis, rejection against organ transplant,
premature m&ﬂrrhexis, bullous dermatosis, shock, sepsis, systemic lupus erythematosus (SLE),
Crohn's disease, disseminated intracapillary coagulation (DIC), tissue injury after

ischemia-re perfusi% &%EOHQ?UP%]?BEIC&T&% %g%;%c@%ﬁyg S%%}t?dl%qg Stg e G’%ES'[%%@ é%rape utic

agent for these diseases, the development o as or is expecte As an

excelignt SJ%{E‘&HXQ YR DAr rRERZED L P RAZIRG AR ASON BIVE ARSRRGSPeIted D atent

Literature

Neutrophil elastase is an enzyme hydrolyzing elastin, collagen, proteoglycan,
fibronectin, and other proteins which constitute the interstitium of intravital
connective tissues such as lung, cartilage, vascular wall, and skin. In addition,
it has been clarified that neutrophil elastase acts on other proteins or cells.

15 [0003]

Serine hydrolase including neutrophil elastase maintains homeostasis in
the living body. The activity of serine hydrolase is regulated by an endogenous
protein inhibitor such as an al-protease inhibitor, an a2-macroglobulin, or a
secretory leukocyte protease inhibitor. However, when a balance between the

20 neutrophil elastase and the endogenous inhibitor is lost by excessive release of
neutrophil elastase in the inflammation site or by decline in an inhibitor level,
the regulation of neutrophil elastase activity cannot be kept, and tissues are
injured.

[0004]

25 Examples of diseases involved in serine hydrolase include pulmonary



Citation List Patent Literature [00061 Patent Literature 1: W02008/036379 20 Summary of Invention
Technical Problem 100071 The benz[d] [1,3loxazine derivative described in Patent Literature 1 is
excellent in serine hydrolase inhibitory activity but has low long-term storage 25 stability, and therefore
a compound having more excellent physical properties is expected from the viewpoint of

manufacturing pharmaceuticals as a drug substance for manufacture. An gbject of the present
invention EBITS0E BERUAIT bR HEFR AR e MRS eRERHbAP SEBAIG RIS EE substance,

Studied 1o BEFIUETIRA OIS RN RS YA BRI S e R B e has
sl SRl 2 i Sl a0 il ey goplena e 10 prsen
2-{2(5)3 ginetyamnonyol LRy Syl VL ek e dvazin--one
5 pancreatitis, nephritis, hepatic failure, chronic rheumatoid arthritis, joint
scleroma, osteoarthritis, psoriasis, periodontitis, atherosclerosis, rejection against
organ transplant, premature amniorrhexis, bullous dermatosis, shock, sepsis,
systemic lupus erythematosus (SLE), Crohn's disease, disseminated
intracapillary coagulation (DIC), tissue injury after ischemia-reperfusion,
10 formation of cornea cicatricial tissue, myelitis, and the like. As a therapeutic
agent for these diseases, the development of serine hydrolase inhibitor is
expected.
[0005]
As an excellent serine hydrolase inhibitor, a benz[d][1,3]oxazine
15 derivative has been reported (Patent Literature 1).
Citation List
Patent Literature
[0006]
Patent Literature 1: WO2008/036379
20 Summary of Invention
Technical Problem
[0007]
The benz[d]l[1,3]oxazine derivative described in Patent Literature 1 is

excellent in serine hydrolase inhibitory activity but has low long-term storage

25 stability, and therefore a compound having more excellent physical properties is



[Chemical formula 11 [00121 2)A crystal of
2-[2-((S)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-y11-5-ethyl-7-methoxy-4H-benz [d][1,310xazin-4-one
maleate. [00131 5 3)A crystal of
2-[2-((S)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-y11-5-ethyl-7-methoxy-4H-benz [d][1,310xazin-4-one
monomaleate. [00141 4) The crystal of 10 . .

2-[2-((S)-3%k HbB%?ré{ﬁaﬂﬁ?f%ﬁifrf&iﬁi%lﬁ?ffl’s‘@é{ﬁﬁhﬁ%ﬁ%}&!ﬁﬁﬁo%ﬁf‘ drus
[1,31oxazin-4-one mopomaleate according to 3), having a characteristic peak .at a diffraction angle (20
0.5 of 10 8B L BPAHIARHOHE [06Hb 2 B Pl SRS Hopd 1mvention 1o o provide

2-[2-((S)-3+dim inopyrrolidin:-1-yl)pyridin-3-y11-5-ethyl-7-methoxy-4H-benz [di

L5 0xarHEHE HOEG  S Bl o8 5 GV EEr AP EHAR Beche o AR angle (20
0.5) of 14.8 in powder Xx-r. difﬁr fian. [00161 6) The crystal of 20

2-[2-((5)-3?&%%?%9%%%%% iﬂ%{lf'-:?/’r)pyridin-3-y11-5-ethyl-7-methoxy-4H-benz [di
[1,31oxazin:4-one mongmaleate according to 4), wherein melting point thereof measured by thermal
analysisgl T%%%Aoirsln}é%qogﬁf) % .[00171 7) The crystal of

[0008]

The present inventors have intensively studied to achieve the object, and
found that a maleic acid salt of a benz[d][1,3]loxazine derivative has excellent
stability as a drug substance, solubility, and crystallinity, thereby completing the

10 present invention.

The summary of the present invention is as follows:

[0009]
1)
[0010]

15 Maleic acid salt of
2-[2-((S)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz
[d][1,3]oxazin-4-one represented by the formula (1),

[0011]

[Chemical formula 1]
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[0012]



25 2-[2-((S)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-y11-5-ethyl-7-methoxy-4H-benz
1c1111,310xazin-4-one monomaleate according to 5), wherein melting point thereof measured by the
thermal analysis TG-DTA is about 167C. 100181 8) A mixture of a crystal of 5
2-12-((S)-3-dimethylaminopyrrolidin-1-yOpyridin-3-y11-5-ethy1-7-methoxy-4H-benz
k1111,310xazin-4-one monomaleate having a characteristic peak at a diffraction angle (20 0.5) of 10.8
in powder ray difgﬁﬁéﬁé}aﬁ% a crystal of

2-12-((S)-3-di laminopyrrolidin-1-yOpyridjn-3-y11-5-ethy1-7-methoxy-4H-benz 10

(0111 310 AL B R S HRRG P LN B U B ShrActEAnge BLPe et 14.8
in powder X- {ffraction, 100191 .9) A method for producing the crystal of
2-12-((S)-3I-me%11(§ff§ﬁ%ﬁﬁb45§’/ﬁ%IfBﬁ‘ll-el%)%pyridin-3-y11-5-ethy1-7-methoxy-4H-benz 15
[d][1,31ole§iﬁ};g. one monomaleate according to 4), comprising the following steps (0 and (ii); (Oa
step of dis a 2-12-((S)-3-dimethylaminopyrrolidin-1-yOpyridin-3-y11-5-ethy1-7-methoxy-4H-benz
1c11115C’>1(;?)?]<azin-A:A;ocneSf{gl k}ase in acetone to produce a solution; and 20(ii) a step of adding a
solution’of Phaleic acid N 4cetone to the solution obtained in the step (0. 100201 10) A method for

producing the.c aéf : . P
o) e s emine R ohinL Y mip: ety st gy 4 H bene
[dlll’?’lO)T ﬂlﬂ ]gngzrir%lquorﬂgl%(g%g&l%%@peq to 4), comprising using an aprotic organic solvent
as a solvent in'which a '
2-12-t(S)-3[gM|2}hylaminopyrrolidin-1-yppyridin-3-y11-5-ethy1-7-methoxy-4H-benz
1c1111,310xazin-4-one free base and maleic acid are dissolved, and using one or more diluting
solvents seﬁcted fﬁ{g Eli‘ Sg%q consisting of 5 ethyl acetate, t-butyl methyl ether, tetrahydrofuran,
diethyl ether, and diisopropyl ether as a solvent to be added for precipitation of crystals. 100211 11)A

methog forgest iz} ; e -4H-
212018 e SR e ey e BT ctby-4H-bens

g P SRR R O 000 B
1c1111,31gxa70: 41956 MYQTALAIR 5 AFANS NPYRIRLQ-PEQNGSE Aaiution:
[0015]
5) The crystal of
15 2-[2-((S)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz
[d][1,3]oxazin-4-one monomaleate according to 3), having a characteristic peak at
a diffraction angle (20 + 0.5°) of 14.8° in powder x-ray diffraction.
[0016]
6) The crystal of
20 2-[2-((S)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yl]-5-ethyl-7-methoxy-4H-benz
[d][1,3]oxazin-4-one monomaleate according to 4), wherein melting point thereof
measured by thermal analysis TG-DTA is about 153°C.
[0017]

7) The crystal of

25 2-[2-((8)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz



(ii) a step of adding t-butyl methyl ether or diisopropyl ether to the 15 solution obtained in the step (O;
and (ii) a step of isolating crystalline solid crystallized by the step (ii). 100221 12)A pharmaceutical
containing the crystal of
2-12-t(S)-3-dimethylaminopyrrolidin-1-yppyridin-3-y11-5-ethy1-7-methoxy-4H-benz 20

[d][1,310xaz| -4-cTne monomaleate acc%rfin to 3) as. a drug substance. Advantageous Effects, of
invention 10033 10XaZikd BRECBHUTTEEEHEARCBFAE  dlud ASBSIAHEE FRAHOBRETR AR Sabilty,

solubility, and crystallinity. In particular, it is us far manufacture 25 of injections because the maleic
acid salt oﬂﬁ?@%ﬁ{égaé Hridkh ?Fﬁk?sﬁ\ﬁlﬁély §¥ﬁi&¢’|t@ @Hﬁ;ﬁ%ﬂf?&dﬁ?g%L or higher. Brief Description
of Drawing@)ﬁ)lo 4] [Fig. 11 a thermal analysis TG-DTA chart of 5 2- [2- ((S)-3 - dimethyla
minopyrrolidin- 1" -yl)pyridin-3 -yl] -5-ethyl- 7- methoxy-4 H -benz [d][1,310xazin-4-one monomaleate

(low melting, point ¢rystal). [Fig..21 a der x-ray diffraction pattern of 2- [2- ((S)-3 - dimethyla
minopyrrolidin- 1 %W fﬁ%%{;lfgéﬁa - methoxy-4 H -benz [d][1,310xazin-4-one monomaleate

ineicatct A Aoh SO0 0 ot S RPN T D PR SR 3y (g e

dimethyla rolidin- 1 -yl)pyridin-3 -yl] -5-ethyl- 7- methoxy-4 H -benz [d][1,31oxazin-4-one
onorare A 3 P a2 B £ LR B M SR 5.

dimethyla min lidin= 3\ -yh pyridin-3 -yl] -5-ethyl- 7+.methoxy-4 H sbenz [d][1,31oxazin-4-one

monomalegflegjgi}g%grﬁe%%g géi%'cg}ygtlaﬁ&%ﬁgﬁgng%éilh?gﬁ%ﬁso\glﬁcﬁg&es an intensity (cps), and the

horizontal axis indiga(:glgs %a(figgaction angle (20)[]. 20[Fig. 51 a thermal analysis TG-DTA chart of 2- [2-
i [

((S)-3 - dimethyla minapyrrolidin- 1 -yl)pyridin-3 -yl] -5-ethyl- 7- methoxy-4 H -benz

s RN T I B T TS
[1'3]°>i%)2i“ré‘T H@%QXQE?ﬁhio&qg 1’??6’1'?&%%%‘% Ih%t\gng a characteristic peak at a diffraction
angle (26 + 0.5°) of 14.8° in powder x-ray diffraction.
[0019]
9) A method for producing the crystal of
2-[2-((8)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz
15 [dl[1,3]oxazin-4-one monomaleate according to 4), comprising the following steps
(i) and (i)

(i) a step of dissolving a
2-[2-((8)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz
[d][1,3]loxazin-4-one free base in acetone to produce a solution; and

20 (i1) a step of adding a solution of maleic acid in acetone to the solution
obtained in the step ().
[0020]
10) A method for producing the crystal of
2-[2-((8)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz

25 [d][1,3loxazin-4-one monomaleate according to 4), comprising



[Fig. 71 a thermal analysis TG-DTA chart of
2-[2-((S)-3-dimethylaminopyrrolidin-1-yDpyridin-3-y1]-5-ethyl-7-methoxy-4H-benz [d][1,3]oxazin-4-one
hydrochloride monohydrate Lot 3. [Fig. 81 a powder x-ray diffraction pattern of 5
2-[2-((S)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-y1]-5-ethyl-7-methoxy-4H-benz [d][1,3]oxazin-4-one
hydrochloride monohydrate. The |longitudinal axis indicates an intensity (cps), and the horizontal axis
indicates a diffractidi 8RgtE @@Sﬂuﬁ)g%ﬁﬁﬂbﬁo Y%B@cﬁrﬁ%ﬁ‘f@?béﬁé’]’)&bﬁg eic acid salt of

2-[2-((S)-3-gdimethylaminopyrralidin-1-yl)pyridin-3-y1]5-ethyl-7-methoxy-4H-benz [d][1,3]oxazin-4-one
i the SpecAtbRa BT A L AT g LR g LA e e L
zgf’vﬂﬁ{‘cgmg;gj;o‘gg‘%{%—%ﬁg?rrg‘e FeLticaly andlncluags a.carstal and g ctystal containing a
2-[2-((S)-3-dimethylaminopyrrolidin-1-y))pyridin-3-y1]-5-ethyl-7-methoxy;4H-benz [d][1,3]oxazip-4-one
onomaloate (ner SHEHER S S e RSO aTE e et LA TR R AR g
crystal, a hi elti oipt crystal, and.a mixture of low.and high meltin int crystals as described
peiow. St LT i T L T RS L By 26y ana 20
crystallinity,.it is useful ag a drug sulstance for p euticals..Further, since the monomaleic acid
salt of the grlé%oé?’ﬁolﬁgle% ion does Ro Vﬁél%ete% e%%?%r%vafg%gf Hﬁ%l%te%h%hoeﬁg Slg%%’t increased or

decreased ﬂ?isture absorption or desorption. Accordingly, it is excellent in handleability. [0026]
25There exists a crystal that shows a powder x-ray diffraction pattern having peaks at diffraction

angles (20 0,5) of 7.80 2..16.9,.and 21.6 as shown in Fig. 2, when the crystal of
2-12-((S)-3- ﬁnethy a%%%b%?ﬁﬁjﬁ%cf%%gyﬁz IN=3-y11-5-ethyl-7-methoxy-4H-benz

LoLLIL 319tz 9ne MARIAISAISISMAATHE ing coRer IRANGM I ety ars gpyta

has a chara er x-ray C}I tion peak, can be distinguished from other crystals, at a

(actan MRS AL I8 EmonoHILISE TOM DR MEsR M e i) angels [-0TA

(Thermogravimetry-Di ermal Analysis), the melting point of the cr is about 153C.
Furthermore, the n@lt‘@gtggi[}; gfgga\gﬂégtgl 10 determined by the thermal analysis TG-DTA is lower
than that of a high melting point crystal described below. For this reason, in the specification, the

crystal is refayaedn a3 a-lom MY IAUSIR1 %) pyridin-3-y1]-5-ethyl-7-methoxy-4H-b
2-12-((S)-3- |mfggtsht)(;Iaminopyr%?)lidin-i)?@;/gIIDpyridin-3-(§/§1)f2 ]-fétfllry}l-7-§’n1]ethgxy¥4H-kr)%%z oy ene

1c1111,316xg7iR14:0n8 MERAMAIeAGHHAISa SRR IEIAE St ipwasdant MEing Roink R, erystal)

100271 In addition, there exists a crystal that shows a powder x-ray diffraction pattern having

peaks at diffraabn(ﬂﬁﬁ'%ﬁeﬁ?gfoaﬁ}iﬂflé@guﬁ?}_gng% 1 2GR AGHRSSNWALR FgHE when the
crystal of 20 2-12-((S)-3-dimethylaminopyrrolidin-1-yDpyridin-3-y11-5-ethyl-7-methoxy-4H-benz

1c111] 31QxRANA-ONGReAamaIRale dp (irasied using copper radiation. In particular, the crystal has
a characteristic powder x-ray diffraction peak which can be distinguished from other crystals at a
diffraction angle (209)%) &fc}f8 15315bels Errathimessueaeniyi o hietmakanalys's TG-DTA, the

[0022]

12) A pharmaceutical containing the crystal of

2-[2-((8)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz

20 [d][1,3]loxazin-4-one monomaleate according to 3) as a drug substance.
Advantageous Effects of Invention
[0023]
The present invention can provide a drug substance having excellent

stability, solubility, and crystallinity. In particular, it is useful for manufacture

25 of injections because the maleic acid salt of the present invention has water



25 melting point of the crystal is about 167C. Furthermore, the melting point of the crystal determined
by the thermal analysis TG-DTA is higher than that of the low melting point crystal described above.
Thus, the crystal is referred to as a high melting point crystal of
2-12-t(S)-3-dimethylaminopyrrolidin-1-yDpyridin-3-y11-5-ethy1-7-methoxy-4H-benz 5

[d][1,31oxazi ne m omale AI mplg/ referred to as high melting point crystal). 100281 A
low meltlnﬁ‘b%\m Eas gg?a?l% ’iﬂfo elting point crystal under warming through phase
transition. 1% ltJ h meltin gg& rystal 10 has excellent crystallinity and stability as compared with
the low mefti{ p;%ﬁﬁcﬁ%{gfg)f 1188 The present invention may be a mixture of the low melting
point cryst Qgr‘%% the high melting point crystal. From the measurement by the thermal 15 analysis
TG-DTA, t ]ting point of the mixture on a low melting point crystal side is 152 to 157C. From the

(r;;s;lfrsekrjneeinst fé/otr@ the al%éﬁa;érﬂ% g%égtgeﬁ tlnﬂapcc)m% of the mixture on a high melting point
2-12-(S) 10 %@/I@f‘&ln (flldln 5 Xfl(allr}lal 1}\;/’8% IJ‘X337 %}%714)? gegﬁoxy 4H-benz

1cl1111, -one ca e proélu usmg a'so A which aFelc acid

2-12-1(S)-3 % laminopyrrolidin- 1}§ ﬁy d| eth 1-7- meth xyr4H-benz

1c1111, 31£ E%ﬁlﬁ/ dre aﬁgg dissoived fie s?é fent tsedin the p%y ugt)pon is preferably an aprotic
organic solvent suq:lga iﬁcetonlt Ie eth %/ atgtl%ceto % or tetrahydrofuran. In particular, the
solvent is more prefe rab ac%?one Adiful |ng o) ventnn]?ay & rther added to a suspension of

vahycrofi o e S LSRRt L Sty SR et
preforable T2 e R A i TR e iy 7R AR 10 [

[1,3]oxazin4 g’igd?fi%@é%ﬁ%%& E?J'(éé%% “EH‘ t@ﬁ%ﬁ? ‘{ef{}hé“i%&%&'c\é%rﬁ fcﬂ?ﬁef([f)éi%&?"'zat'on
acetone, tetrahydrofuran, acetonitrile |met oxye ane, et cetate, or water can be used alone
or in combi mang them, an acetone-water mixed solvent is preferable. Examples of a diluting

solvent to be de for precipitation of crystals include isopropyl ether,
[Fig. 3] a thermal analysis TG-DTA chart of

2-[2-((8)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz
[d][1,3]oxazin-4-one monomaleate (high melting point crystal).

15 [Fig. 4] a powder x-ray diffraction pattern of
2-[2-((S)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz
[d][1,3]oxazin-4-one monomaleate (high melting point crystal). The longitudinal
axis indicates an intensity (cps), and the horizontal axis indicates a diffraction
angle (20)[°].

20 [Fig. 5] a thermal analysis TG-DTA chart of
2-[2-((S)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz
[d][1,3]oxazin-4-one hydrochloride monohydrate Lot 1.

[Fig. 6] a thermal analysis TG-DTA chart of
2-[2-((8)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz

25 [d][1,3loxazin-4-one hydrochloride monohydrate Lot 2.



15 ethyl acetate, and t-butyl methyl ether. [Examples] [0032] The present invention will be
described in detail by Examples, and the present invention is not limited to these Examples.

20Thermal analysis TG-DTA and powder x-ray diffractrion were performed under the following
conditions. [0033] Thermal analysis TG-DTA: A sample (5 mg) was placed in a sample pan (a

container made of alu:r and the mal aﬁ ﬁﬁ‘é—r DTA f the sample was performed using
EXSTAR 6000 the aﬁyg@?r é’ nts Inc. Measurement Conditions

Rate of temp e increa C/mln 5At here: |tro n Flo te: 100 mL/ 0 Powder
X-ray dlffrn% rl%g Oﬁ [ EBRRE8 }ﬁg‘f (ﬂﬁﬁ]t%ﬁ el \grl‘lfl ?aoﬁ H@ Fg%rlfﬁ

packed se a sam flat de of glass,was fille the 10 pulverized sample Powder
x-ray diffr %Lil’gi %i(%ﬁgzé ot vas %ﬁ %ﬁ%ﬁ%ﬂqﬁf 35 1??\)2{ powder x-ray diffractometer
(Rigaku Corporaﬂo@ % surem nt Condg@ﬁ@ be curr nt 36.mA 15Tube voltage: 40 kV Scanning
rate: 2/min Wavele gll% 54037 ?l%ﬁgl)rﬁy %%}8&35? A (Kill)

5 2-[2-((S)-3-dimethylaminopyrrolidin-1-yl)pyridin- 3-yl] -5-ethyl-7-methoxy-4H-benz
[d][1,3]oxazin-4-one hydrochloride monohydrate. The longitudinal axis indicates
an intensity (cps), and the horizontal axis indicates a diffraction angle (20)[°].
Description of Embodiments
[0025]

10 Maleic acid salt of
2-[2-((S)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz
[d][1,3]oxazin-4-one in the specification is not particularly limited as long as it is
stable enough to be used as a drug substance for manufacturing pharmaceuticals,
and includes a crystal and a crystal containing a solvent. Examples of

15 2-[2-((S)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz
[d][1,3]oxazin-4-one monomaleate (hereinafter simply referred to as monomaleic
acid salt) include a low melting point crystal, a high melting point crystal, and a
mixture of low and high melting point crystals as described below. Since the
maleic acid salt of the present invention has excellent solubility, stability, and

20 crystallinity, it is useful as a drug substance for pharmaceuticals. Further, since
the monomaleic acid salt of the present invention does not have adhesion water,
the weight thereof is not increased or decreased by moisture absorption or
desorption. Accordingly, it is excellent in handleability.

[0026]

25 There exists a crystal that shows a powder x-ray diffraction pattern



Divergence slit: 1 Receiving slit: 0.15 mm 20Scattering slit: 1 Anticathode: copper Scanning range: 5
to 40 [Example 11 [00351 25Synthesis of low melting point crystal using acetone and ethyl acetate as
solvent for crystallization A solution of maleic acid (1.87 g) in acetone (15 mL) was mixed in a
solution of 2-[2-((S)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yfl-5-ethyl-7-methoxy-4H-benz 5 [di
[1,3[oxazin-4-one (6.05 g) in acetone (60.5 mL) (Her in%}te ,the prepared solution was re&erred to as
a mixed sottBRSTIAES AL MiERARR GRS i 2 2 oﬂttgif?é)r (&rﬁiﬁﬂom%e)]\ﬁa% wHshed with 15

mL of ace(tjgne and Lgﬁ]n the \SfFaShng S%I;tio was a(%dﬁd to the mixed solution. The mixed solution
was stirre &l’@o&%? ‘ﬁgrgt‘ &0 Cry‘g fitz & a8 (groduct (monomaleic acid 10 salt). After that,

181 mL of ethyl te. was, added to the mixed solytion,.and the.mixtyre was stirred under, heating at
an internal%éb%éggt%@g}%Ef 53EBY ﬁrﬁhﬂ‘l&lﬁi—g %6@%%15’%?&%&%@(&&%%8?% eR¥room
temperatur, gthen stirred at an internal temperature of 22 to 30C for 1 hour. Subseguently, the

precipitated Aot VAR ARIAABE By RAORE A WAL T SRR HiE BF ackiate to obtain
s1.2.0 of wel S 0030 o e iR SIREL IR AGMOR TR R RUAID SRR (el

R S S R R 20 o 102

[1,3[oxazin(5?l-one monomaleate. Melting poin Yﬁ(t) pﬁ’a?e me ) (me t_ln
rom e el o NG AR TGHETA NN M PO cpt ARG 2,
(Thermogravimetry-Differential Thermal Analysis), the melting point of the
crystal is about 153°C. Furthermore, the melting point of the crystal
10 determined by the thermal analysis TG-DTA is lower than that of a high melting
point crystal described below. For this reason, in the specification, the crystal is
referred to as a low melting point crystal of
2-[2-((8)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz
[d][1,3]oxazin-4-one monomaleate (Also, simply referred to as low melting point
15 crystal).
[0027]

In addition, there exists a crystal that shows a powder x-ray diffraction
pattern having peaks at diffraction angles (20 + 0.5°) of 8.38°, 14.8°, 21.5°, 21.7°,
and 24.3° as shown in Fig. 4, when the crystal of

20 2-[2-((8)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz
[d][1,3]oxazin-4-one monomaleate is measured using copper radiation. In
particular, the crystal has a characteristic powder x-ray diffraction peak which
can be distinguished from other crystals at a diffraction angle (20 + 0.5°) of 14.8°.

Further, from the measurement by the thermal analysis TG-DTA, the

25 melting point of the crystal is about 167°C. Furthermore, the melting point of



Synthesis of low melting point crystal using acetone and t-butyl methyl ether as solvent for
crystallization A solution of 5
2-[2-((S)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yfl-5-ethyl-7-methoxy-4H-benz [d][1,3[oxazin-4-one
(10.0 g) in acetone (180 mL) was stirred at an external temperature of 30C. 3.09 g of maleic acid was

added at an internal perature of 30C, and a container (an.inflow ljne) was washed with 20 mL of
acetone, a %ﬁ&ﬁ#ﬁfa}éﬁﬁm&ﬁ %F?W%‘%‘\ P HESHS (nég)ﬁ‘ ioh. e{d?ﬁ%ﬁﬁé%}?ﬁ stirred to

crystallize a reaction product (monomaleic, acid.salf). The mi solution was stirred for 10 minutes,
200 mL of LHU BT R RS HaBH 6 BN utich S Be Rl WAL S Ed Cider

heating at ar]ﬂij%iﬁrnal em eragt‘:ﬁre off?;t% 50C for 1 hour. The mixed solution was stirred under
cooling, antd RiFHEPEHHR RERY st Semperature of 15C or lower (to 15 an internal temperature of

6C) for 10 minutes. The precipitated crystal was collected. by filfrafion, and.washed with 50 mL of
bty Mot Sl {00 Y R ISP, AT TG W DI Sh B e DA P B el
91%) of whiteflagculent crystal of 20 . : : :

o o-((3) 3 A SRS 5 S He et s b R BR8N 4-oe
monomaleate.sjc\g ting point (hot plate method): 154 to 155C (melting) [Example 31 [0039] 25Phase
transition of fow élting point crystal to high melting point crystal 2.04 g of

2-[2-((S)-3 B?%%tpylaminopyrrolidin-l-pryridin-B-yl1-5-ethyl-7-methoxy-4H-benz [dI

[1,31oxazin-4-one monomaleate which was a low melting point crystal obtained in Example 1 was

ighty pulverized wifh a0 30215, OIS ANY S100K 13 BB Yer AL 106 Suasgycty. the maleic

acid salt stood in the blow dryer ours to prepare a specimen w aleic acid salt was

tirred I [ti f [ t ; to, 1 melti Iti
S L A BRI SRR TR e R e
of theral EQQ'&F@} %Pgﬁéfdﬂi 'tg%ﬁ%gﬁﬂ@aé’ﬁ%fﬁ%ﬁ&%ﬁ ({Hen ‘%hé%v?%%l@iﬁg }S‘@%@ high
melting point crystal. [Example 41 [00401 15Recrystallization using acetone, water, and t-butyl methyl
ether (low g}%g&q.point crystal + high melting point crystal)

[0029]
The present invention may be a mixture of the low melting point crystal
and the high melting point crystal. From the measurement by the thermal

15 analysis TG-DTA, the melting point of the mixture on a low melting point crystal
side is 152 to 157°C. From the measurement by the thermal analysis TG-DTA,
the melting point of the mixture on a high melting point crystal side is 160 to
167°C.

[0030]

20 Maleic acid salt of
2-[2-((S)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz
[d][1,3]oxazin-4-one can be produced using a solvent in which maleic acid and
2-[2-((S)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz
[d][1,3]oxazin-4-one are dissolved.

25 The solvent used in the production is preferably an aprotic organic

10



200 mL of acetone and 10 mL of water were added to 10.0 g of
2-[2-((S)-3-dimethylaminopyrrolidin-1-yDpyridin-3-y11-5-ethyl-7-methoxy-4H-benz [dlI
[1,31oxazin-4-one monomaleate which was obtained in Example 2, and the 20 mixture was dissolved
under stirring at an external temperature of 45C. This solution was subjected to hot filtration, and a

filter was washed with a mixed solvent of 30 mL of acetone and 1.5 mL qf water. While a filtrate
(hereinateP AReTIRA A TASE ARIEH SofhIbH) WELL AL RS Bt HARSHTSBHIRRe ofA5C. 50 mL of

t-butyl methyl ether was added to the filtrate. The mixture was 25 stirred under cooling to crystallize a
monomalcleSHENLaR (RytaTEAlioh Bty L HRBRIAOrE ek ARSI S P Ye ixed
solution coptajnin ta cipitated monomaleic acid salt was stifred at an, internal femperature of 23
10 270 for B ML AL eR SR B AFLr ALY AP L) AIALLBE Grabitadeht Lt s rssolved
in the mixed solutian gnt m te rature; 37C). [00411 The mjxed solytion was then stirred
Under cooH YA BT DD TR G ol MR . SO St SRty WAtSt EIRED Was
added dropwise to the.mixed solution, and the mixture was stirred under heating and further 10 stirred
at an infor e BGRB9S R S R s S e o G aciualy
cooled and %Hrrlegcgklggeir{t_%rg It?nrréeﬁritg{ e(%f (1)15 or Io¥\(/)er (1to a0, 1iﬁnternal temperature of 7C) for 30
minutes. The B’rempl ated crys ]I Was tollected by filtra i%n,p nd washed with 50 mL of t-butyl methyl
ether. A W%B Isrltal was dried with blowing air at 40 to 50C to obtain 15 8.36 g (yield: 84%) of white
flocculent crystal of 2-[2-((S)-3-dimethylaminopyrrolidin-1-yppyridin-3-yll-5-ethyl-7-methoxy-4H-benz

[cll[1,3[oxazin-4-ong. manomaleate. Melti i lﬂ% plate method): 153 to 163C (melting) [Example
51 20 [0042] Rﬁ S%ﬁﬁg%%@rﬁ%aﬁtefg gg%%féﬁgérr%g t|tn water (1 mL) was mixed in a solution of

AL e i el R

SO'U“Oé : aﬂaﬁ’[&hgl@% %%sglsﬂ%mqéaﬁg%%%E?ﬁgaqggsa @%%%E%&%@som@.cemig"e (5mL)

was added to an obtained concentrate of the mixed solution, e mixture was concentrated under

reduced pr&&ﬁ}é&?t_%g?%cw&&H%T&Eﬁ“&&&ﬂ?%g{i&})éﬁﬁﬁ%?&?&%? Awice ia gl a residue as a solid.

5The obtained solid was suspended in acetone (2 mL), & small amount of water was added at an

external tempefatiie 4Rt Ald Ql%fpﬁge‘e’%,‘j&s%@& I a8 Bl AT SRR AR e

solution, and the solutiort was cooled to room temperature. The precipitated crystal was collected by

filtration, ang,{h celiegted srystabnaswashad witheitvhace Bierdhn Rbtaingd ayriakyas dried 10
with blowing air at 50C to obtain 66.1 mg (yield: 30%) of

2-[2-((S)-34limethy apvieRwEdid Babod RYF i dpithaRival Ra1a9nvtdDRBp 18 Slaxazin-4-one

monomaleate as white powder.
15 ethyl acetate, and t-butyl methyl ether.

[Examples]
[0032]
The present invention will be described in detail by Examples, and the
present invention is not limited to these Examples.
20 Thermal analysis TG-DTA and powder x-ray diffractrion were performed
under the following conditions.
[0033]
Thermal analysis TG-DTA:
A sample (5 mg) was placed in a sample pan (a container made of

25 aluminum), and thermal analysis TG-DTA of the sample was performed using

11



Melting point (hot plate method): 161 to 163C (melting) [Comparative Example] 15 [0043] Crystal of
hydrochloride monohydrate Three lots of
2-[2-((S)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-y1]-5-ethy1-7-methoxy-4H-benz [d][1,3]oxazin-4-one
hydrochloride monohydrate were synthesized in accordance 20 with Patent Literature 1. Thermal
analysis TG each. lat is shqwn (in Figs. 5, 6,.and 7). A5 seen from the results of performed
owter x 1S P B RO B G SEp LRR LTSI B low
crystallinity and high amorphous content. 25 [Test Example 11 [00441 As the monomaleic acid
salt, the sample in Example 5 was used in Stage 1 of Table 2, and the sample in Example 1 was used

in Stage 2., The other sam Iem.res ective Stages of Table 2 were prepared in accordance with
Patent 5 Literare e ¥k <BRbi h?f]%d the stability as a drug substance of the respective samples

were examined in Stage 1, and the crystallinity, phepamenon of crystal polymorphism, and presence
or absence of adh ?ogﬁ ﬁJ;aESWSthé%}flgrﬁ{hcéragrﬁgSgag@ Iﬁl.”[b0451 10Evaluation standards are as

follows: SqubAiEYﬁW n the rgtio of dﬁfolvedtsarﬂ%e tciyvater is 10 mg/mL or more, the solubility
of the sample is represgﬁpecP]é%' &ire 8%851, and When the ratlo |sni](51mg/mL or less, the solubility is
representeq) §| ross mark (x). Stability as a drug substance: The sample after 2-week storage at 15
25C/75%R @c osed system) was assayed by high-performance liquid chromatography (HPLC) under
conditions Iﬁe%cfﬂbre)g_ belogxff{%\érégnlth_e increase in area percentage (%) of a mainly degradation
product is less than +3'5%%. the s{a%ﬂity of drug substances is represented as circle (0), and when the

norease is +0.5% o Moty e Sl f g subranges iR Y

Test Example 2, the mair y degradation product wa Underthe same conditions.

Crystallinit%: é% %\Iféc:l gé Cﬁ%%y ﬁ%ieg;%%ip@sgg%g@%%%ﬁﬂgﬁg%qy 'B ;og/% CREIRGSIR: 1%'8 crystallinity is

represente r less, the cr staITinlty IS represented as "Low."

25DevielopnAnL ALetY SRR MBBREE- Eoh Fa R NG AATRE AR NGRS then performed

using RINT2200 powder x-ray diffractometer (Rigaku Corporation).

Measurement Conditions
Tube current: 36 mA
15 Tube voltage: 40 kV
Scanning rate: 2°/min
Wavelength: 1.5405 A (Kal), 1.5443 A (Ka2), 1.3922 A (K1)
Divergence slit: 1°
Receiving slit: 0.15 mm
20 Scattering slit: 1°
Anticathode: copper
Scanning range: 5 to 40°
[Example 1]
[0035]

25 Synthesis of low melting point crystal using acetone and ethyl acetate as

12



the crystal structure shown by the thermal analysis TG-DTA is different from that shown by the powder
x-ray diffraction, the development of crystal polymorphism is represented as "Presence". On the other
hand, when the thermal analysis TG-DTA and the powder x-ray diffraction show the same crystal 5

structure, the development of crystal polymorphism is represented as "None." Adhesion water:
When decre?se (%) in the chart obtained from the thermal analysis TG-DTA is seen at about 50C, the
adhesion WREFRL s 14858Pesence,” and when the decrease (go) is not seen, the adhesion

water is representﬁgea "None." %%500461 C{o ditions of HP %Iin st of stability. as a drug
substance <Meas ﬁ‘?i%l%ﬁai e At & I§r>1ﬁ1§ 86‘%8?5.&& i ?xwfbs H*SUH RMeasurement
Wavelength:554 nm 15 column temperature: 40C Flow rate: 0.2 mL/min Mobile phase A: 0.05% formic
acid aquedifs S8RHtGh Mobile phase B: 0.05% formic acid-acetonitrile solution  Transfer of mobile

Control the S4P AN L HE TOOH & PEABIE 1§ A MO AR DA HORIE
PHASESB %(])[Rg]%ggz(gri?élﬁc?n%(%ﬂ{) g) in acetone (60.5 mL). (Hereinafter, the prepared

solution was referred to as a mixed solution. The same is applied to Example 2.)
A container (an inflow line) was washed with 15 mL of acetone, and then the
washing solution was added to the mixed solution. The mixed solution was
stirred at room temperature to crystallize a reaction product (monomaleic acid

10 salt). After that, 181 mL of ethyl acetate was added to the mixed solution, and
the mixture was stirred under heating at an internal temperature of 50 to 53°C
for 1 hour. The mixed solution was stirred under cooling at room temperature,
and then stirred at an internal temperature of 22 to 30°C for 1 hour.
Subsequently, the precipitated solid was collected by filtration, and was washed

15 with 30 mL of ethyl acetate to obtain 11.2 g of wet crystal.
[0036]

The crystal was dried with blowing air at 50°C to obtain 6.35 g (yield:

81%) of yellowish white cakes and powder of
2-[2-((8)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz

20 [d][1,3]loxazin-4-one monomaleate.
Melting point (hot plate method): 153 to 155°C (melting)

As seen from the results of thermal analysis TG-DTA (Fig. 1) and powder

x-ray diffractrion (Fig. 2), the monomaleic acid salt in Example 1 was a low

melting point crystal.

25 [Example 2]

13



->4023-2560->3040->7025-28 30 70 100481 [Table 21 Stage 1 Stage 2

[0037]
Synthesis of low melting point crystal using acetone and t-butyl methyl
ether as solvent for crystallization
A solution of
5 2-[2-((S)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz
[d][1,3]oxazin-4-one (10.0 g) in acetone (180 mL) was stirred at an external
temperature of 30°C. 3.09 g of maleic acid was added at an internal
temperature of 30°C, and a container (an inflow line) was washed with 20 mL of
acetone, and then the washing solution was added to the mixed solution. The
10 mixture was stirred to crystallize a reaction product (monomaleic acid salt). The
mixed solution was stirred for 10 minutes, 200 mL of t-butyl methyl ether was
added to the mixed solution, and the mixture was stirred under heating at an
internal temperature of 45 to 50°C for 1 hour. The mixed solution was stirred
under cooling, and further stirred at an internal temperature of 15°C or lower (to
15 an internal temperature of 6°C) for 10 minutes. The precipitated crystal was
collected by filtration, and washed with 50 mL of t-butyl methyl ether.
[0038]
A wet crystal was dried with blowing air at 50°C to obtain 11.7 g (yield:
91%) of white flocculent crystal of
20 2-[2-((8)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz
[d][1,3]oxazin-4-one monomaleate.
Melting point (hot plate method): 154 to 155°C (melting)
[Example 3]
[0039]

25 Phase transition of low melting point crystal to high melting point crystal

14



EACH SALT STABILITY AS PHENOMENON OF SOLUBILITY DRUG CRYSTALLINITY CRYSTAL
ADHESION WATER SUBSTANCE POLYMORPHISM FREE FORM x 0 LOW

10

15

20

25

2.04 g of
2-[2-((8)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz
[d][1,3]oxazin-4-one monomaleate which was a low melting point crystal obtained
in Example 1 was lightly pulverized with an agate mortar, and stood in a blow
dryer at 130°C. Subsequently, the maleic acid salt stood in the blow dryer for 4
hours to prepare a specimen while the maleic acid salt was stirred every half
hour.

Melting point before heating (hot plate method): 153 to 154°C (melting)
Melting point after 4-hour heating (hot plate method): 165 to 166°C
(decomposition)

As seen from the results of thermal analysis TG-DTA (Fig. 3) and powder x-ray
diffractrion (Fig. 4), the specimen was a high melting point crystal.

[Example 4]

[0040]

Recrystallization using acetone, water, and t-butyl methyl ether (low
melting point crystal + high melting point crystal)

200 mL of acetone and 10 mL of water were added to 10.0 g of
2-[2-((8)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz
[d][1,3]oxazin-4-one monomaleate which was obtained in Example 2, and the
mixture was dissolved under stirring at an external temperature of 45°C. This
solution was subjected to hot filtration, and a filter was washed with a mixed
solvent of 30 mL of acetone and 1.5 mL of water. While a filtrate (hereinafter
also referred to as mixed solution) was stirred at an external temperature of 45°C,
50 mL of t-butyl methyl ether was added to the filtrate. The mixture was

stirred under cooling to crystallize a monomaleic acid salt (crystallization

15



AMORPHOUS - MONOHYDROCHLORIDE 0 0 LOW PRESENCE PRESENCE DIHYDROCHLORIDE
0 x - - PRESENCE 1/2D-TARTARIC ACID 0 x - - PRESENCE 3/4L-TARTARIC ACID x

starting temperature: internal temperature 27°C). The mixed solution
containing the precipitated monomaleic acid salt was stirred at an internal
temperature of 23 to 27°C for 30 minutes, and then stirred under heating. Thus,
most of precipitated crystal was dissolved in the mixed solution (internal

5 temperature: 37°C).
[0041]

The mixed solution was then stirred under cooling to gradually crystallize
the monomaleic acid salt. 200 mL of t-butyl methyl ether was added dropwise to
the mixed solution, and the mixture was stirred under heating and further

10 stirred at an internal temperature of 40 to 45°C for 30 minutes. Subsequently,
the mixed solution was gradually cooled and stirred at an internal temperature of
15°C or lower (to an internal temperature of 7°C) for 30 minutes. The
precipitated crystal was collected by filtration, and washed with 50 mL of t-butyl
methyl ether. A wet crystal was dried with blowing air at 40 to 50°C to obtain

15 8.36 g (yield: 84%) of white flocculent crystal of
2-[2-((S)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz
[d][1,3]oxazin-4-one monomaleate.

Melting point (hot plate method): 153 to 163°C (melting)
[Example 5]

20 [0042]

A solution of maleic acid (50.4 mg) in water (1 mL) was mixed in a
solution of
2-[2-((S)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz
[d][ 1,3]loxazin-4-one (171 mg) in acetonitrile (2 mL) (hereinafter, the obtained

25 solution was referred to as mixed solution), and the mixed solution was

16



0 - - PRESENCE MONOMALEIC ACID 0 0 HIGH PRESENCE NONE - unmeasured 5 100491

The free base (free form) of
2-12-((S)-3-dimethylaminopyrrolidin-1-yDpyridin-3-y11-5-ethyl-7-methoxy-4H-benz
1c1111,310xazin-4-one was a yellow amorphous solid, and insoluble in water (2 mg/mL or less).
10The 2-12-((S)-3-dimethylamino rro din-1-yDpyridin-3-y11-5-ethyl-7-methoxy-4H-benz

1c1111,31 880 H% GEHS ‘d‘ée Bhotflrate showed favorable solubility in water of 10 mg/mL

32&2&2@%";&%? RSB BRSSP TSP 08 PSR RIS G it the

Its of d dff tion that
> 12.((5) POy AR Hon w'ﬁ@%%oﬁrﬁaﬁ?%tm&%%.%ﬁ%ﬁrfﬁﬂe%ﬁ%wm%gﬁzagam This
1c1111,310xazin-4-one hydrochloride monoh ]Eow C{ystalll and h morphous content
(Fig. 8). 207 UHHREH" B%é@%%ﬂff%?%%%‘?ﬁ%e&%héﬂﬁ& Qridiydls TS %&Stﬁ rease (%) in the

amount5at about S%e Sptainoa 3ot hvevrfglesf%lheslrt)g\rll ed in acetone (2 mL), a small amount of

water was added at an external temperature of 45°C, and the solid was dissolved.
Ethyl acetate (6 mL) was added to the solution, and the solution was cooled to
room temperature. The precipitated crystal was collected by filtration, and the
collected crystal was washed with ethyl acetate. The obtained crystal was dried
10 with blowing air at 50°C to obtain 66.1 mg (yield: 30%) of
2-[2-((S)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz
[d][ 1,3]loxazin-4-one monomaleate as white powder.
Melting point (hot plate method): 161 to 163°C (melting)
[Comparative Example]
15 [0043]
Crystal of hydrochloride monohydrate
Three lots of
2-[2-((8)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz
[d][1,3]oxazin-4-one hydrochloride monohydrate were synthesized in accordance
20 with Patent Literature 1.
Thermal analysis TG-DTA of each lot is shown (in Figs. 5, 6, and 7).
As seen from the results of performed powder x-ray diffractrion (Fig. 8),
hydrochloride monohydrate in Comparative Example has low crystallinity and
high amorphous content.

25 [Test Example 1]

17



understood that adhesion water was present. Although the 1/2D-tartaric acid salt showed
favorable solubility in water of 10 mg/mL or more, the stability in 25C/75%RH (closed system) was
poor, and therefore 0.5% or more of degradation products were generated after 2 weeks. 5For a
3/4L-tartaric acid salt, the solubility in water was 2 to 5 mg/mL and therefore was insufficient.
Although ﬂﬁ dihydrochloride showed favorable solubility in water of 10 mg/mL or more, the stability in
25C/75%R Q fg;ed system) was poor, and therefore 0.5% or more of degradation products were

generated after 2 weeks. 100n the other hand, the monomaleic acid salt of the present inyention
showed favorable $STURPRARERAIGF fﬁ@éﬂ'}ﬁ_ @?erﬁ&%l & Wﬁr‘? éS% BRH! r%‘?&?system)

dsi d dati duct 2 | than 0.5%. Further,
Bl o 1 RN e Sy i W R M o Y1 A
It had high 15 tallinit ig. 2). Further..f Its of f dt | lysis TG-DTA,
o bt R A SRS LN A e e dlatiatotig it
t. [Test.E | 1 JOP50] 2 h t.of
e T S R S A Sty s e SRS PFRE 31oxazin--one

was stored for ‘é é’%’ﬁ;%kgc’ lilII‘lld er4 v&&%deitions.inc di 25&660;435'?11@85% 5 stem, ggior}%) non
40C/75%Rﬁs(8pen sys?en‘P, sﬁadlng), ACHSG &68ed system, shi ing), and Bt'room fjemperature

under 25 fluprescent lighting. . . As samples, the same sam ées s in Test Example 1 (Stage 1)
were used.” ﬁ%yrse&s% %%?gﬁmﬁ%é%ggpsl%g\?v%cﬁ]qa% oS cgng 2d%13 28 %Eed'ﬁ J sgﬁgw area
percentage, gzoa/ol)n% ? amaul te% mainly degradation product which was measured by
high-performance liquid chrématography (HPLC) at the respective 5 measurement points. [00511

[Table 31 %a'&%j_ITY AS DRUG SUBSTANCE EACH SALT start

10 Evaluation standards are as follows:
Solubility: When the ratio of dissolved sample to water is 10 mg/mL or
more, the solubility of the sample is represented as circle (O), and when the ratio
is 10 mg/mL or less, the solubility is represented as cross mark (x).
Stability as a drug substance: The sample after 2-week storage at
15 25°C/75%RT (closed system) was assayed by high-performance liquid
chromatography (HPLC) under conditions described below. When the increase
in area percentage (%) of a mainly degradation product is less than +0.5%, the
stability of drug substances is represented as circle (O), and when the increase is
+0.5% or more, the stability of drug substances is represented as cross mark ().
20 In Test Example 2, the mainly degradation product was assayed by HPLC under
the same conditions.
Crystallinity: In powder x-ray diffraction, when a peak intensity is 5000
cps or more, the crystallinity is represented as “High,” and when it 1s 5000 cps or
less, the crystallinity is represented as “Low.”

25 Development of crystal polymorphism: For crystals of the same salt, when

18



25C/60%RH CLOSED SYSTEM SHADING 1 WEEK2 WEEKS4 WEEKS 40C/75%RH OPEN
SYSTEM SHADING 1 WEEK2 WEEKS4 WEEKS FREE FORM 0.10% - 0.10% 0.30% - 1.50% 3.00%
MONOHYDROCHLORIDE 0.10% 0.20% 0.20% 0.20% 0.20% 0.30% 0.50% DIHYDROCHLORIDE
6.40% 7.90% 15.40%

the crystal structure shown by the thermal analysis TG-DTA is different from
that shown by the powder x-ray diffraction, the development of crystal
polymorphism is represented as “Presence”. On the other hand, when the
thermal analysis TG-DTA and the powder x-ray diffraction show the same crystal
5 structure, the development of crystal polymorphism is represented as “None.”
Adhesion water: When decrease (%) in the chart obtained from the
thermal analysis TG-DTA is seen at about 50°C, the adhesion water is
represented as “Presence,” and when the decrease (%) is not seen, the adhesion
water is represented as “None.”
10 [0046]
Conditions of HPLC in test of stability as a drug substance
<Measurement Conditions>
column: Atlantis dC18, 2.1 mm ¢ X 15 cm, 3 um
Measurement wavelength: 254 nm
15 column temperature: 40°C
Flow rate: 0.2 mL/min
Mobile phase A: 0.05% formic acid aqueous solution
Mobile phase B: 0.05% formic acid-acetonitrile solution
Transfer of mobile phases: The mixed ratio of mobile phase A and mobile phase B

20 1is changed as shown in Table 1 to control the concentration gradient.

[0047]
[Table 1]
TIME (MIN) MOBILE PHASE A (%) MOBILE PHASE B (%)
0~ 23 80 — 60 20 — 40
23 ~ 25 60 — 30 40 — 70
25 ~ 28 30 70
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12.20% 8.20% 19.40% 24.00% 1/2D-TARTARIC ACID 1.10% - 2.40% 3.40% - - - 3/4L-TARTARIC
ACID 0.00% - 0.10% 0.10% - - - MONOMALEIC ACID 0.00%

[0048]
[Table 2]
Stage 1 Stage 2
EACH SALT STABILITY AS PHENOMENON OF
SOLUBILITY DRUG CRYSTALLINITY CRYSTAL ADHESION WATER
SUBSTANCE POLYMORPHISM
FREE FORM X @) LOW AMORPHOUS -
MONOHYDROCHLORIDE @) O LOW PRESENCE PRESENCE
DIHYDROCHLORIDE @) X — — PRESENCE
1/2D-TARTARIC ACID @) X — — PRESENCE
3/4L-TARTARIC ACID X @) - — PRESENCE
MONOMALEIC ACID O O HIGH PRESENCE NONE
— :unmeasured

5 [0049]

The free base (free form) of
2-[2-((S)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz
[d][1,3]oxazin-4-one was a yellow amorphous solid, and insoluble in water (2
mg/mL or less).

10 The
2-[2-((S)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz
[d][1,3]oxazin-4-one hydrochloride monohydrate showed favorable solubility in
water of 10 mg/mL or more, and the stability in 25°C/75%RH (closed system) was
favorable since occurrence of degradation products after two weeks was less than

15 0.5%. However, it was confirmed from the results of performed powder x-ray
diffraction that
2-[2-((S)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz
[d][1,3]oxazin-4-one hydrochloride monohydrate had low crystallinity and high
amorphous content (Fig. 8).

20 Further, from the results of performed thermal analysis TG-DTA, the

decrease (%) in the amount at about 50°C was seen, and therefore it was

20



0.00% 0.00% 0.00% 0.00% 0.00% 0.10% [00521 [Table 41 STABILITY AS DRUG SUBSTANCE
40C/75%RH CLOSED SYSTEM SHADING ROOM TEMPERATURE FLUORESCENT LIGHTING
EACH SALT start

understood that adhesion water was present.

Although the 1/2D-tartaric acid salt showed favorable solubility in water
of 10 mg/mL or more, the stability in 25°C/75%RH (closed system) was poor, and
therefore 0.5% or more of degradation products were generated after 2 weeks.

5 For a 3/4L-tartaric acid salt, the solubility in water was 2 to 5 mg/mL and
therefore was insufficient.

Although the dihydrochloride showed favorable solubility in water of 10
mg/mL or more, the stability in 25°C/75%RH (closed system) was poor, and
therefore 0.5% or more of degradation products were generated after 2 weeks.

10 On the other hand, the monomaleic acid salt of the present invention
showed favorable solubility in water of 10 mg/mL or more. The stability in
25°C/75%RH (closed system) was good since occurrence of degradation products
after 2 weeks was less than 0.5%. Further, as seen from the results of measured
powder x-ray diffraction, it was confirmed that the monomaleic acid salt had high

15 crystallinity (Fig. 2). Further, from the results of performed thermal analysis
TG-DTA, the decrease (%) at about 50°C was not seen, and therefore it was
understood that adhesion water was not present.

[Test Example 2]
[0050]

20 Each salt of
2-[2-((S)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz
[d][1,3]oxazin-4-one was stored for 4 weeks under 4 conditions including
25°C/60%RH (closed system, shading), 40°C/75%RH (open system, shading),
40°C/75%RH (closed system, shading), and at room temperature under

25 fluorescent lighting.

21



1 WEEK 2 WEEKS 4 WEEKS 1 WEEK 2 WEEKS 4 WEEKS FREE FORM 0.10% - 1.50% 3.20% -
0.10% 0.30% MONOHYDROCHLORIDE 0.10% 0.20% 0.30% 0.50%

As samples, the same samples as in Test Example 1 (Stage 1) were used.
The results of stability test are shown in Tables 3 and 4. Tables 3 and 4 show
area percentage (%) of an amount of mainly degradation product which was
measured by high-performance liquid chromatography (HPLC) at the respective
5 measurement points.
[0051]
[Table 3]

STABILITY AS DRUG SUBSTANCE

25°C/60%RH CLOSED SYSTEM SHADING 40°C/75%RH OPEN SYSTEM SHADING
EACH SALT start
1 WEEK 2 WEEKS 4 WEEKS 1 WEEK 2 WEEKS 4 WEEKS
FREE FORM 0.10% — 0.10% 0.30% — 1.50% 3.00%
MONOHYDROCHLORIDE| 0.10% 0.20% 0.20% 0.20% 0.20% 0.30% 0.50%
DIHYDROCHLORIDE 6.40% 7.90% 15.40% 12.20% 8.20% 19.40% 24.00%
1/2D-TARTARIC ACID 1.10% — 2.40% 3.40% — - -
3/4L-TARTARIC ACID 0.00% — 0.10% 0.10% — - -
MONOMALEIC ACID 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.10%
10
[0052]
[Table 4]
STABILITY AS DRUG SUBSTANCE
5 o ROOM TEMPERATURE
40°C/75%RH CLOSED SYSTEM SHADING FLUORESCENT LIGHTING
EACH SALT start
1 WEEK 2 WEEKS 4 WEEKS 1 WEEK 2 WEEKS 4 WEEKS
FREE FORM 0.10% — 1.50% 3.20% — 0.10% 0.30%
MONOHYDROCHLORIDE| 0.10% 0.20% 0.30% 0.50% 0.20% 0.30% 0.40%
DIHYDROCHLORIDE 6.40% 13.90% 27.70% 15.50% 8.00% 17.90% 20.60%
1/2D-TARTARIC ACID 1.10% — 7.60% 16.10% — 2.60% 4.10%
3/4L-TARTARIC ACID 0.00% — 0.10% 0.10% — 0.10% 0.10%
MONOMALEIC ACID 0.00% 0.00% 0.00% 0.10% 0.00% 0.00% 0.00%
15
[0053]

From Tables 3 and 4, for the free form, dihydrochloride, and 1/2D-tartaric

22



0.20% 0.30% 0.40% DIHYDROCHLORIDE 6.40% 13.90% 27.70% 15.50% 8.00% 17.90% 20.60%
1/2D-TARTARIC ACID 1.10% - 7.60% 16.10% - 2.60% 4.10% 3/4L-TARTARIC ACID 0.00% -

acid salt, the amount of mainly degradation product after 4-week storage
exceeded 1%, and therefore it is understood that they are unstable. On the other
hand, the monohydrochloride, 3/4L-tartaric acid salt, and monomaleic acid salt
had an amount of mainly degradation product of 1% or less, and therefore were

5 excellent in stability.

Further, even in the case of 4-week storage at room temperature under
fluorescent lighting, the monohydrochloride and 3/4L-tartaric acid salt had an
amount of mainly degradation product of 1% or less, and therefore were excellent
in stability, but the total amounts of degradation products were 8.2% and 1.4%,

10 respectively. On the other hand, the monomaleic acid salt had a total amount of
degradation product of 0.2%, and therefore was further excellent in stability.
Industrial Applicability
[0054]

A compound excellent in storage stability (decomposition is less),

15 solubility, crystallinity, and easy of handling (mass is not increased or decreased
by moisture absorption or desorption) can be obtained by the present invention.

The present invention can provide a drug substance stable in quality.
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0.10% 0.10% - 0.10% 0.10% MONOMALEIC ACID 0.00% 0.00% 0.00% 0.10% 0.00% 0.00% 0.00%
[00531 From Tables 3 and 4, for the free form, dihydrochloride, and 1/2D-tartaric acid salt, the amount
of mainly degradation product after 4-week storage exceeded 1%, and therefore it is understood that
they are unstable. On the other hand, the monohydrochloride, 3/4L-tartaric acid salt, and monomaleic
acid salt had an amount of mainly degradation pr?juc % or less, and therefore were 5 excellent in
stability. Further, even in the case of 4-wee Lg[{,ﬁlat room temperature under fluorescent
lighting, the monohydrochloride and 3/4L-tartaric acid salt had an amount of mainly degradation
product of 1% or less, and therefore were excellent in stability, but the total amounts of degradation
products were 8.2% aﬁi l1)..4%, iﬁg respegtively. On the other hand, the monomaleic acid salt had a
total amount of degﬁa o pPS 8?@? :2%, and therefore was further excellent in stability. Industrial

Appl Icablht¥ - Boéé}3 dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz

5 [dl[1,3]oxazin-4-one represented by the formula (1),

[Chemical formula 1]

® (1)

2. A crystal of
10 2-[2-((S)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz

[d][1,3]oxazin-4-one maleate.

3. A crystal of
2-[2-((8)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz

15 [d][1,3]oxazin-4-one monomaleate.

4. The crystal of
2-[2-((S)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz
[d][1,3]oxazin-4-one monomaleate according to claim 3, having a characteristic

20 peak at a diffraction angle (26 + 0.5°) of 10.8° in powder x-ray diffraction.
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A compound excellent in storage stability (decomposition is less), 15 solubility, crystallinity, and easy
of handling (mass is not increased or decreased by moisture absorption or desorption) can be
obtained by the present invention. The present invention can provide a drug substance stable in
quality. CLAIMS 1. Maleic acid salt of

2-[2-((S)-3-dimethyla 'hnopyrroli in-1-yl)pyridin-3-y11-5-ethy1-7-methoxy-4H-benz 5 [di
[1,310xazin-4-one ?er;ir et e formula (1), [Chemical formula 11 2. A crystal of 10 2-

2-(5)-> dimotda mponyridi L Yyl ol TTeoR A RS0 sk
2-[2-((S)-3dirpethylaminopyrrolidin-1-yl)pyridin-3-y11-5-ethy1-7-methoxy-4H-benz 15 [di. .
1. 310xaH i R Ao SR AT e (0 e 3, BAVins ot characictstic

2-[2-((S)-3-dimethylaminopyrrolidin-1- ridin=3-y11-5-ethy1-7-methoxy-4H-henz [dI
[1,310xazi|99g]5rfbyr%(§§ﬁ$ Itégféae{é%]l&}r/ gj%g%r%%§% C\I/i 2% X%%%éfgﬁg&%%aﬁ K'at a diffraction
angle (20 0.5) of 10.8 in powder x-ray diffraction. 5. The crystal of
2-12-((S)-3-dimethylaminopyrrolidin-1-yDpyridin-3-y11-5-ethyl-7-methoxy-4H-benz
k1111,31oxazin-4- n%ﬁéo&ongliag%e according to claim 3, having a characteristic peak at a diffraction
angle (20 0.5) of 14.8in povyger x-ray diffraction. 6. The crystal of

212-(S) Smeyaminonoldin Lo Yo e memonAHEbong,

1c1111,310xaz one monoma ccording , whe g poin gpggﬁrﬁ%%%ﬁred by

thermal ar;PA iSo1 G-DTA js about 153C ..The gr | of . . . .
155 S Ble e A catd al S aim 4, whergin melsing point

1c1111,31poxazin4-one m I cording .t i wherein.meltjsg point thereof measured by
the thermal Se Db T BT B A /e e L TS o1
2-12-(&%)-3-dimethylaminopyrrolidin-1-pryridin-3-y11-5-ethyl-7-methoxy-4H-benz

k1111,310xazin-4-one monomaleate having a characteristic peak at a diffraction angle (20 0.5) of 10.8

in powder x-ray difﬁyaq{jp@cg%qa?p& crystal of
2-12-((S)-3-dimethylaminopyrrolidin-1-yDpyridin-3-y11-5-ethyl-7-methoxy-4H-benz

k1111, 31oxyagind PRe oGS SR AT M pPsySIGReA A ARG IR ANGlS (A9 8ol 14.8
in powder x-ray diffraction.
[d][1,3]oxazin-4-one monomaleate according to claim 5, wherein melting point
thereof measured by the thermal analysis TG-DTA is about 167°C.
15
8. A mixture of a crystal of
2-[2-((S)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz
[d][1,3]oxazin-4-one monomaleate having a characteristic peak at a diffraction
angle (26 + 0.5°) of 10.8° in powder x-ray diffraction, and
20 a crystal of
2-[2-((S)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz
[d][1,3]oxazin-4-one monomaleate having a characteristic peak at a diffraction

angle (20 + 0.5°) of 14.8° in powder x-ray diffraction.

25
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25 9. A method for producing the crystal of
2-12-((S)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-y11-5-ethy1-7-methoxy-4H-benz
kll11,3loxazin-4-one monomaleate according to claim 4, comprising the following steps (i) and (ii): 5(i)
a step of dissolving a

2-12-((S)-3-dimeth Iamlno d|n 1-y fi)p ridin-3-y11-5-ethy1-7-methoxy-4H-benz

kll11,3loxazin-4-on f'r%épﬁ QJCBYB H’&Blaﬁéé%? IXion; and (i) a step of adding a solution

of maleic solution obtained jn the s od fo roducmg
the orystar B3 SSRGS PR T g 3 eyt 7%% 4 bens
Letiil j;gﬁ@éﬁ;ﬁ;mﬁg@%%%tgggfeog%na%égr%{%@ fs PR g HEG2 3R R e
2-12-((S)-3- |me I'X/ yrrolldln -1-yl)pyridin-3-y11-5-ethy1-7-methoxy-4H-benz
1¢1111,318X@%n 4% e base and maleic acid are dissolved, and using one or more diluting

solvent‘?.3 selected f c5m thE conSIStln of ethyl acetate, t-butyl methyl ether, tetrahydrofuran,
diethyl ether, and |soproﬂ%/Pe ar as 4 go vent to be added for preC|p|tat|on of crystals. 20 11. A

method for, ng é@?lgzd]% (d(m?13 dln%le(t) O{am no rroli |n- - p W']?"yllee)tﬁ %Y ? H[rﬂ)etltgzoxyAH

-benz kll11 40né monomales e compr|S| e fol OWI eps epo

dissolving ?fﬁa %%X&Sl)l i dlm(-z{thé/e%mlnopﬁlrrollf\i/glneilté)é)ceiplrclesayll trrl}zl /- methoxy -4H -benz

kll[1,3]Joxazin-4‘ohe monomaleate in a mixe one and %er to produce a solution;

GO a step of addi SQU%{’aﬁfthﬂ(ﬁ L or ,felo %r?)ﬁh her % é)% on optaﬂﬁlg%&p tpg step (i); and

5(iii) a step of isolating crystalline Soli crystéﬂ harmaceutica comprising

the crystal %t%i&d(gﬁ)tﬁe%'m thyla minopyrrolidin- 1- yOpyrldln -3-yll -5- ethyI 7- methoxy- 4 H -benz
[di [1,310xazin-4-0ne monom eate according to claim 3 as a drug substance. 10

10
10. A method for producing the crystal of
2-[2-((8)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yl]l-5-ethyl-7-methoxy-4H-benz
[d][1,3]oxazin-4-one monomaleate according to claim 4, comprising
using an aprotic organic solvent as a solvent in which a
15 2-[2-((S)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz
[d][1,3]oxazin-4-one free base and maleic acid are dissolved, and
using one or more diluting solvents selected from the group consisting of
ethyl acetate, t-butyl methyl ether, tetrahydrofuran, diethyl ether, and
diisopropyl ether as a solvent to be added for precipitation of crystals.
20
11. A method for recrystallizing
2-[2-((S)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz
[d][1,3]oxazin-4-one monomaleate, comprising the following steps (i) to (iii):
(i) a step of dissolving a

25 2-[2-((8)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz

26



10

[d][1,3]oxazin-4-one monomaleate in a mixed solvent of acetone and water to
produce a solution;

(ii) a step of adding t-butyl methyl ether or diisopropyl ether to the
solution obtained in the step (1); and

(iii) a step of isolating crystalline solid crystallized by the step Gi).

12. A pharmaceutical comprising the crystal of

2-[2-((8)-3-dimethylaminopyrrolidin-1-yl)pyridin-3-yll-5-ethyl-7-methoxy-4H-benz

[d][1,3]oxazin-4-one monomaleate according to claim 3 as a drug substance.
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