1 DESCRI PTION TI TLE OF | NVENTI ON: NOVEL CRYSTAL FORM COF TRI CYCLIC
BENZOPYRAN COVPOUND AND PRODUCTI ON METHOD THEREOF 5 TECHNI CAL FI ELD [ 0001]
The present invention relates to crystal, forms of (3R, 4S)-7-hydroxynmethyl-
2,2,9-trinethyl-4-(phenethyl am no) -3, 4- di hydr o- 2H pyr ano[ 2, 3-g] qui nolin-3-0

| and 10production net hods thereof Bﬁ%ﬁmfﬂ [ 0002] (3R,
4S) - 7- hydr oxynet hyl1-2, 2, 9-tri nmet hy 1'%~ yl am no) - 3, 4- di hydr 0152H pyra
no[ 2, 3-g] qui nolin-3-0l (hereinafter, called as Conpound (1)) of Formula
(1): HN - OH (1) exerts an antiarrhythm c action and the possibility

thereof to herusesk RSVENGION: 1S known. Drugs are desired to provide a
conpound having a constant quality with which_20a constant {){\ﬁf [veness
can be al wayN¥O Eb@éi‘é‘élTAhrﬁﬁﬂ%Mé)F%&CQ’WQQE}&ZQFVW p%?é%(% tion,
by crystall iy EREGH be obtai ned such an advant age t hat

t he chem cal %?ng?mﬁ??npound i s enhanced (for exanple, see

Non- patent Docunent 1). Meanwhile, it is known that a solid material has an
ability that two or more crystallographic structures different from each

ot her can bd REKIKAFKELRR or 25nore crystal l ographic structures of the
mat eri al as(;g%zﬁri bed above are called crystal polynorphism In addition,

un

when a conp is crystallized in an organic solvent or water, it is also
known that the orfpanpresestahvernionoelawatecrysieefirmepf (3e 48)-ydtydrdxymgthiybn i s

ol vat o ary vl SRErY Ry Ry A ARt AP T Ee R O REY AP ont

speci f{fati ?)gc%dutcﬁgn sHeliakhedlyro!l ymor phi sm t ogether with the sol vate crystal

‘and the hyd e crystal are called as
BACKGROUND ART
[0002]

(3R, 45)-7-hydroxymethyl-2,2,9-trimethyl-4-(phenethylamino)-3,4-dihydro-
15 - 2H-pyrano[2,3-g]quinolin-3-ol (hereinafter, called as Compound (1)) of Formula (1):

Ph
_ HN/\/
N e sOH

\

HO

(1)

O

exerts an antiarrthythmic action and the possibility thereof to be used as a drug is
known.
Drugs are desired to provide a compound having a constant quality with which
20 a constant effectiveness can be always expected, and are thus generally crystallized.
In addition, by crystallizing a compound, there can be obtained such an advantage that
the chemical stability of the compound is enhanced (for example, see Non-patent
Document 1). Meanwhile, it is known that a solid material has an ability that two or
more crystallographic structures different from each other can be taken. The two or
25 more crystallographic structures of the material as described above are called crystal
polymorphism. In addition, when a compound is crystallized in an organic solvent or
water, it is also known that the organic solvent or water used for the crystallization is
sometimes incorporated in the compound, so that the compound becomes a solvate
crystal (solvate) or a hydrate crystal (hydrate). In the present specification, the crystal
30 polymorphism together with the solvate crystal and the hydrate crystal are called as



2 crystal forms. These crystal forns usually have different solubilities,
dissolution rates, stabilities, hygroscopicities, nelting points, handling
properties, and the |ike, so that for developing a crystal of a conpound as
a drug, it is necessary to evaluate these characteristics conpr ehensi vel y
and to select a crystal formsujtable for thg 5S5deve ment ..of .the drug (for
exanpl e, seerysighfosas e Ahesaysiddorms usually have q?g%{}teﬁ‘)!lu 1155 HSONHAP ¢ o
Compound (1 kS Q110 el 65 RO prapéritfane araanens i s

obt ai ned by}%tﬁstéthé%tlﬁélgﬁogﬁéﬂlugflnd ceo ugrd;@ch’r onq}tﬁf)ggl%ag%y and the crystal
form of Conpowig deddloping arkysairnf afcompewahys ajrugdeisPeressary Doevatadie theye |t is

t fi, whet her th d i bl e t I1ized and
nave: 106y ysERHEHTIES CTRBIFTCNEY SHEBFICt A Ral R ar s WS necesaary
to confs rm he Iﬁ%ﬁ%ﬂ‘lemf %ﬁﬂlggemh%&npbogmﬁéﬁtgﬁl |y stable crystal

8o PloPEL
forms, and nove‘? crysta o%gg of the conmpound. RELATED- ART
DOCUMENTS  15PATENDwRea M TESsfe0003]ompound (| Pgreenis hbbetorenly axdesqritiopnat i onal

Publ i cati on No. W) 2005/ 09Q357 hl et. . . T

20[ 0004] [ N 5t oHtPoBad “Pni“f by'the PmﬁF%%ﬂ?f“M‘E@éggﬁ%%%ﬁ%d

shouseki o kAGakM 626 08 0epRInE (134 SlkrdMNYfRIRAMER fRPachy Boalthemd) on of

drugs)"” edited and witten by Kazuhi de Ashi zawa, F.b392,ﬁ@§%| shed by
0

Mar uzen Pl afigs ngkgssary taicondBinwhetirittbheompsitdehiblejo beweyst . 45,
No. 4,.p. 327 09 Y. . gzg@gsgé\gﬁj, ED BY THE
I NVEI\I'I'IIOpO\I 36’[‘3{6%2?1‘“?8' %’{w&lenﬁ% -él_)‘gt&ll ?\%ﬁl’?‘%&g\,l ltPl %Q:(ﬁ%rﬁ%é/
4S) - 7- hy dr oxyreiwtydie Brodubtidn mdtholly 8f éhemically stable crystal forms, and novel crystal
(phenet hyl am no) - 3, 4- di hydr o- 2H pyrano[ 2, 3-g] qui nol i n-3-0l as a drug, the
possi bili tyf@vnmfyéwrmwoz@@i on of the conpound and the presence of the
crystal fornms of the conpound are confirmed, and when the crystal forns
exist, it is required to 3 confirmreproducible production nethods of
chemical |y REIAEEDFARTHOCUMENTAN novel crystal forns of the conpound.
MEANS FOR SQLVI NG THE PROBL, 5[ 0006] As a result of assiduous
researkh i ntPémﬁTW%Vmﬂst hese probl ens, the present inventors
el ucidate t m]@@() 3R, 4S)-7-hydroxynethyl-2,2,9-trinethyl-4-
(phenet hyl arm noj - 3, 4-di hydr o- 2H pyrano[ 2, 3-g] qui nol i n-3-01 can_be
crystal | i zed and [Patentidecunzent [ bdstermstionalyfybicaiondyg. SV 200909832 t he
conpound exi St.

pamphlet

NON-PATENT DOCUMENTS
20  [0004]

[Non-patent Document 1]
“Iyakuhin no kesshoutakei to shouseki no kagaku (Science of crystal

polymorphism and crystallization of drugs)” edited and written by Kazuhide
Ashizawa, p. 392, published by Maruzen Planet Co., Ltd.
25 [Non-patent Document 2]
“Farumashia” vol. 45, No. 4, p. 327 (2009)

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
30 [0005]
For developing (3R, 48)-7-hydroxymethyl-2,2,9-trimethyl-4-
(phenethylamino)-3,4-dihydro-2H-pyrano[2,3 -g]quinolin-3-ol as a drug, the
possibility of crystallization of the compound and the presence of the crystal forms of

the compound are confirmed, and when the crystal forms exist, it is required to



10[ 0007] Specifically, the present invention is constituted of the

follow ngs. An A-formcrystal of (3R

4S) - 7- hydr oxynmet hy1-2, 2, 9-tri met hyl- 4-

(phenet hyl am no) - 3, 4- di hydr o- 2H pyr ano[ ?, 3-glquinolin-3-ol of Forrmula (1):

15 HO (1) bhaving characteristic peaks at. diffraction angles (20) of 5.6,
8.2, 12.0, %eniym regraglucible prodyctioy ,mei@.dzs? ,O?E%I’Sl,cal ystable ﬁf#s%%ﬁmé’ f’ﬂ%mder X- 1 ay

di ffractogr f Eﬁ‘% [J'H%QJ%JL (I'1) 20A production nethod of an
A-formcr ys?éﬁlé?gpisgbg S %ﬁf@%‘?%y roxymet hyl -
2,2,9-trinethyl-4-(phenet hyl am no)-3 , 4-di hydro- 2H pyrano [ 2, 3
-g] qui nol i n- 3- r | I.sing crystallizing the conpound of
Formula (1) l\/f];lﬁgﬁ Pﬁé&%ﬁﬁéﬁﬁE%@@@A production nethod of an A-form
crystals of i 45) - 7- hydr oxynet hy1-
2,2,9-trinmethyl-4-(phenet hyl am no) - 3, 4- di hydr o- 2H pyrano[ 2, 3-g] qui nol i n-3-0
| , charact eri zed Asy resulpofi assidgousryssaech|intendag to loaersomp dlase petblames thel a (1) in
an al i phatic hydrocarbon sol vent. . (I 0 roduct 4 ‘ of an A-form
cryst al _Of Psqagnt A%XQnﬂrFlﬁ @)@EFFFE?H{%&’- tys))-7-gyéogymgﬁyl-iﬁ,@-tﬁ%sﬁ%ﬁA- | |
2,2, 9-t ri meyhehedylaRRREYES MR NON=prdiof?, By Endlh-Bio! 8aDbd étystaligédiaidnol i n-3
-ol, 4 characterized by conprising crystallizing the conpound of Fornmula
(1) in a ni futhos atdavesix typew/pf crystal forms of the compound exist.
10 [0007]
Specifically, the present invention is constituted of the followings.
ity
An A-form crystal of (3R, 48)-7-hydroxymethyl-2,2,9-trimethyl-4-

(phenethylamino)-3,4-dihydro-2H-pyrano[2,3-glquinolin-3-ol of Formula (1):

Ph
N
N - CH

n

N\

HO
A o)

15
having characteristic peaks at diffraction angles (20) 0of 5.6, 8.2, 12.0, 14.7, 16.6, 16.9,
17.9, 18.4, 22.5, 24.5, 27.6 in a powder X-ray diffractogram of the crystal.
[0008]
1y

20 A production method of an A-form crystal of (3R, 48)-7-hydroxymethyi-
2,2.9-trimethyl-4-(phenethylamino)-3,4-dihydro-2H-pyrano[2,3-g]quinolin-3-ol,
characterized by comprising crystallizing the compound of Formula (1) in an ester
solvent.
(1I0)

25 A production method of an A-form crystal of (3R, 48)-7-hydroxymethyl-
2,2 9-trimethyl-4-(phenethylamino)-3,4-dihydro-2H-pyrano[2,3-g]quinolin-3-ol,
characterized by comprising crystallizing the compound of Formula (1) in an aliphatic
hydrocarbon solvent.
av)

30 A production method of an A-form crystal of (3R, 45)-7-hydroxymethyl-
2,2,9-trimethyl-4-(phenethylamino)-3,4-dihydro-2H-pyrano[2,3-g]quinolin-3-ol,



A production nethod of an A-formcrystal of (3R, 4S)-7-hydroxynethyl -
52,2,9-trinmethyl-4-(phenet hyl am no) - 3, 4- di hydr o- 2H Pyranof[ 2, 3- g] qui nol i n- 3-
ol, characterized by conprising crystal |4£ zing the conmpound of Forrmula (1)
in an aromati c hydrocarbon sol vent (VI)" A production nethod of an A-form
crystal of (3R, 4S)-7-hydrox)

102, 2, 9-tri ﬁliﬁr%ﬁ}?ﬁ’l@ H’@H@E"ﬁi}/'ig %yZ‘Enge&DWSP%d ?ﬁW&%@P?%mﬁ%w nol i n-3

-ol, characgéq 4€d by conprising crystallizing the conpound of Formula (1)
in a ketone so vent [ 0009] (M) 15A B-formcrystal of (3R
4S) - 7- hydr ogyyret hy1- 2, 2, 9-tri nmet hyl -

(phenct iyl am o) &, 438 hﬁﬁéé’ta?faf%?@ﬂﬁsw&%lqé‘f@@" b7 HifloaPpetigl o 1,05
17.5, 9.1, 8%@ fime&Ry1N- pﬁ{én&h %lﬁb)tmaﬁgawzﬁ -pyrarady2, sligl quissiirogsoRm of the
crystal. 200V An” E-form crystal

4S) - 7- hydr o )zlyaxmtm@dmyz:og;mmnmm@hmng the compound of Formula (1) in an aromatic

(phenet hyl a dr o- 2H pyrano[ 2, 3-g] qui nol i n-3-ol of Formula (1):
havi ng charglx&é’%?rg?l?ﬁcﬁ ks at diffraction angles (20) of 9.1, 12.8, 13.1,

14.6, 15.2, (¢pl6.4, 22.1, 23.6, 24.8 in a powder X-ray diffiactogramof the
crystal . (IX) An Fformcrystal of 4& X
4S) - 7- hydr oxy et Wynrogugtiog methagphym Aform crystal of (3R, 45)-7-hydroxymethyl-
10 2.2, 9-trimethyl-4-(phenethylamine)-3,4-dihydro-2H-pyrano[2,3-g]quinolin-3-ol,
characterized by comprising crystallizing the compound of Formula (1) in a ketone
solvent.

[0009]
(VID)

15 A B-form crystal of (3R, 48)-7-hydroxymethyl-2,2,9-trimethyl-4-
(phenethylamino)-3,4-dihydro-2H-pyrano(2,3-g}quinolin-3-ol of Formula (1):

Ph
N ~sOH

(D

\

HO
\ 0

having characteristic peaks at diffraction angles (20) of 6.4, 8.7, 12.8, 17.5, 19.1,20.7,
22.0, 24.8, 26.6 in a powder X-ray diffractogram of the crystal.
20 (VIID)
An E-form crystal of (3R, 48)-7-hydroxymethyl-2,2,9-trimethyl-4-
(phenethylamino)-3,4-dihydro-2H-pyrano(2,3-g] quinolin-3-ol of Formula (1):
HN/\/F'h

N A_sOH

M

N\

HO
0

having characteristic peaks at diffraction angles (20) of 9.1, 12.8, 13.1, 14.6,15.2,
25 16.4,22.1,23.6, 24.8 in a powder X-ray diffractogram of the crystal.
(IX)
An F-form crystal of (3R, 4S)-7-hydroxymethyl-2,2,9-trimethyl-4-
(phenethylamino)-3,4-dihydro-2H-pyrano[2,3-g]quinolin-3-ol of Formula (1):



(phenet hyl am no) - 3, 4- di hydr o- 2H pyrano[ 2, 3-g] qui nol i n-3-0ol of Forrmula (1):
5 having characteristic peaks at diffraction angles (20) of 6.8, 11.7,
13.7, 16.8, 18.0, 19.3, 20.4, 20.8, 24.6, 25.6 in a powder X-ray
dlffractogran1of the crystal. (X) 5A G%inrncrystal of (3R

4S) - 7- hydr oxynet hy1-2, 2, 9-tri net hyl- 4-

(phenet hyl am no) - 3, 4- dlhydro Ztkg/mano[z 3-glquinolin-3-ol of Forrmula (1):
FI NPh OH (1) havi ng charéﬁ&erlstlc peaks at diffraction angles (20) of
6.7, 11.6, 11.9, é ] » 'Hli 19.1, 19.8, 20.1, 20.8 in a powder
X-ray diffractogV m d?XI) An H-forn1crysta| of (3R

4S) - 7- hydr oxynet hy1- 278, 1-4- .
(phenet hyl am no) - 3, 4- dithydr o- 2H—pyrano[2 3-glquinolin-3-ol of Forrmula (1):
havi ng characteristic peaks at di ffraction angles (20) of 6.0, 16.4, 17.0,
19. 2, 19. 8, haGaPcIBraddristic p@&k@audlfﬁacmmi%)@@)a;fﬁﬁflﬂr7aé3691@1&1 1860, he

?g%:/ft 2|S) [Ogé;gl%(i M%%ﬂ@Zé (Jén%rp%gv Ct Orgy Hﬁ‘%rg((:)tggr%m c?ftEe fcr?flétren.crySt al - of
trinethyl-4 henet hyl am no) - 3, 4- di hydro-2H-pyrano [2,3 -g]quino lin-3 -ol,

20characterized by conprising crystallizing the cong)ound of Formula (1)
from a5wat er - com@tfmmgr}@ta@]aﬁ(ﬁ,§Sbﬂé1§’ﬁroxofmethﬂ 2,2,9-trimethyb#oduct i on net hod

'? ];l ?rgt Eyzozﬁ](]%héﬁg%hwoarﬁ( ‘}3{? hyé,sc} 2 Fﬁ*gl ?gﬁ%@%@ﬁ% b f% Ianum%gl)i n- 3- ol ,
HN/\/Ph
N 5 _OH

(0

N

HO”
0

having characteristic peaks at diffraction angles (28) 0of 6.7, 11.6, 11.9, 13.6, 16.6,
17.7,18.6, 19.1, 19.8, 20.1, 20.8 in a powder X-ray diffractogram of the crystal.
10 (XD '
An H-form crystal of (3R, 48)-7-hydroxymethyl-2,2,9-trimethyl-4-
(phenethylamino)-3,4-dihydro-2H-pyrano[2,3-g]quinolin-3-ol of Formula (1):

Ph
_ HNN
N A~ CH

(n

A

HO
O

having characteristic peaks at diffraction angles (20) of 6.0, 16.4, 17.0, 19.2, 19.3,
15 20.3, 21.0, 22.8 in a powder X-ray diffractogram of the crystal.
[0010]
(XID)
A production method of a B-form crystal of (3R, 48)-7-hydroxymethyl-2,2,9-
trimethyl-4-(phenethylamino)-3,4-dihydro-2H-pyrano{2,3-g]quinolin-3-ol,
20 characterized by comprising crystallizing the compound of Formula (1) from a water-
containing organic solvent.
(XIII)
A production method of an E-form crystal of (3R, 4S)-7-hydroxymethyl-2,2,9-
trimethyl-4-(phenethylamino)-3,4-dihydro-2H-pyrano[2,3-g]quinolin-3-ol,



6 characterized by conprising: heating and dissolving the conpound of
Formula (1) in an acetate ester solvent or a ketone solvent; and perform ng
one shot addition of an aliphatic hydrocrﬁar bon sol vent and crash cooli ng.
(XI'V) 5A production nethod of an F-form crystal of (3R

4S) - 7- hydr oxymet hy1-2, 2, 9- ) : . :
trimethyl- 4cﬁlqgmﬁmeﬁ;bwmmmms; heaging yod dissqlyipg thecopapoynd e Pz (V42 o) |
characterized by cg | 1B Gnt e SRL WA sitdt af@ikioba 1) from
ethanol . (X%} 2“K%FS ugé)ﬁe@go%gﬁé@é %)("Jfl erll’Gn?g’r% crygt al of (3R

4S) - 7- hydr oxNprelkid hdmde2b8n solvent and crash cooling.

10tri met hyl- 4- (phenet hyl am no) - 3, 4- di hydr o- 2H Pyr anO[ 2, 3- g] qui nol i n-3-0I,
characteri z&3d! conprising crystallizing the conpound of Fornula (1) from
2, Proganol . (Xl profhudioiHethb®Br AFPF1cith Giys@roftsROAS) Physioaymethy L AR-

4S) - 7- hydr oxy et yl? o

152, 2, 9- t 1 i mhbhj-4-(iphethetanyina)d Aalihelra-2t a2 31l pyineliwp 213- g] qui nol i n- 3

-ol, characterized by conprising: at i and_ di ' d of

For mul a (1) ChiredR ey coTBr g e R 1L il LG ERA

cycl ohexanelﬁw crash cooling. BEST MODES FOR CARRYI NG OQUT THE | NVENTI ON
st,

20[ 0011] Fi the production nethod of the A-formcrystal is )aesc i bed.
[0012] Exanpl es ¥ prodectisstraethedbfeti-fore asestal 98 B R-rie) dsrdresimath ers

havi ng a Cl-3 al koxy group, suc Iy f QF A yvl:farmate and

n- pr op foﬁﬁgﬁgwﬁéﬁaﬂafﬁﬁgw@ngg@%ﬁgﬁéﬂﬁé%fﬁggﬁﬁgfiﬁéP%%§§@d$§up such as
met hyl acet dpgacetibsd byd&i@istag dryRaRWg theedmpaindios bpropyl(letenhat e, n-butyl
acetate, isobutyl acet'ate and tert-butyl acetate, and anong them preferred
are ethyl apetmnel. n-propyl acetate and isopropyl acetate. [0013] Exanples
of the alipgﬁé;i hydr ocar bon sol vent to be used include C5_7 30aliphatic
hydr ocar bon & h as pentane, n-hexane, cycl ohexane, n-heptane and

met hyl cycl ohexane paiddctdtdmgthiot efivn h-foeytcaystal iof (3.eSo17leseiroxymethyl-
I5 2,2,9-trimethyl-4-(phenethylamino)-3,4-dihydro-2H-pyrano [2,3-g]quinolin-3-ol,

characterized by comprising: heating and dissolving the compound of Formula (1) in

an ether solvent; and performing one shot addition of cyclohexane and crash cooling.

BEST MODES FOR CARRYING OUT THE INVENTION
20 [0011]
First, the production method of the A-form crystal is described.
[0012]
Examples of the ester solvent to be used include: formate esters having a Cy3
alkoxy group such as methyl formate, ethyl formate and n-propyl formate; and acetate
25 esters having a C4 alkoxy group such as methyl acetate, ethyl acetate, n-propyl
acetate, isopropyl acetate, n-butyl acetate, isobutyl acetate and tert-butyl acetate, and
among them, preferred are ethyl acetate, n-propyl acetate and isopropyl acetate.
[0013]
Examples of the aliphatic hydrocarbon solvent to be used include Cs.7
30 aliphatic hydrocarbons such as pentane, n-hexane, cyclohexane, n-heptane and
methylcyclohexane, and among them, n-heptane is preferred.
[0014]
Examples of the nitrile solvent to be used include C,.4 nitriles such as

acetonitrile, propionitrile and butylonitrile, and among them, acetonitrile is preferred.



[0014] 7 [0015] Exanples of the aromatic hydrocarbon solvent to be used

i ncl ude C64 aromati c hydrocarbons such as benzene, toluene and xyl ene, and
anong them preferred are toluene and xylene. 5[ 0016] Exanples of the

ket one sol vent to be used include C3-6 ketones such as acetone, nethyl

et hyl ketone, nethyl isopropyl ketone and nmethyl isobutyl ketone, and anong
t hem prefeimgé]are acetone and net hyl isobutyl ketone. [0017] 10In

addi tion, only ong,Q }ets%?% 2Oh¥ENhRIGarbdiSoNext rR 6d iebile gl vents may
be used, and other solvents may be "added. The ampunt of the sol vent

to be used iagoriattedhy@fochitmeg siching baricghttolugnesnst xi¢ng, and gnowg tiewes by
wei ght, furth ef er.abl ngt 10 tinmes by weight, relative to 1 of the
wei ght of C(Pﬁ%rﬁ‘iﬁ Ei?lflerf%{ (ﬁ.’%}ne' Wien the crystallization is
perforned bXO@pﬂling a solution of Conmpound (1), the tenperature for the

cooling may be a certain tenperature between 0C and a refl ux %enperature of
the sol vent, howdxemplesef dredisitgne sohuenttioystused inghide 6n-6ikstopes fUsRged by

cooling the saolution to.b en 0 . e
crystal | i zaBFgRaS: é“e@@f’fe&yﬁ%ﬁw B deRn ﬁg&ﬁ%ﬁ methyl isg %%I%hd (1),
the crystal lghdaklofR i) pasfeRed ireroBdndynd mediyhigoanyl lemment of the sol vent

or by fully renoving the solvent. [0020] 25In addition, the crystallization
can be perfdf®ed by a conbination of both operations of cooling and

conc egtq/ ating. In additibh So%Zygoﬁzer é’ﬁh@ge r?gﬁf?gtg gar y\%ﬁ‘ﬁixft&é of ftsd HldtdhbPhe The

seed stal can be prepared accordi -known net hod, for exanpl e,
by scrat chi Rgedishét othes gatedtamiaheeiaddt wal | of the flask containing a
solution to be c rﬁ%ta?rlcluin% gfd the solvent to be used is 1 to 50 time(s) by weight, preferably 2
to 20 times by weight, further preferably 5 to 10 times by weight, relative to 1 of the
weight of Compound (1).
15 [0018]
When the crystallization is performed by cooling a solution of Compound (1),
the temperature for the cooling may be a certain temperature between 0°C and a
reflux temperature of the solvent, however preferably, the crystallization is performed
by cooling the solution to between 0°C and 5°C.
20 [0019]
When the crystallization is performed by concentrating a solution of
Compound (1), the crystallization can be performed by leaving any amount of the
solvent or by fully removing the solvent.
[0020]
25 In addition, the crystallization can be performed by a combination of both
operations of cooling and concentrating.
A seed crystal can be used for crystallization. The seed crystal can be
prepared according to a well-known method, for example, by scratching with a
spatula the inner wall of the flask containing a solution to be crystallized.
30 [0021]
Next, the production method of a B-form crystal which is a hydrate of
Compound (1) is described.
{0022]



30[ 0021] Next, the production nmethod of a B-formcrystal which is a
hydrate of Conpound (1) is described. [0022] 8 The organic solvent to
be used is not limted so long as the solvent is mscible with water, and
exanpl es of the organic solvent usable ithcl ude an aI cohol solvent, a

nitrite solvent, an ether solvent, a ketone sol via 31 de. sal vgnt and a
sul f oxi de sol ven'EFhe Pragnisrsobigntiedepised isgrt §pited 59 fang se &he sodvegtis misEbRanol |

et hanol , 1-propanol _5and I itrile
R
1, 2- di met hoxyglchaRentaf cthedsslvaxalietas sohenetahamidolohent andaatlfomaieand
net hyl ethyl ketone as the ket one sol vent; N-d| nﬁ%ﬁdl forrrErP de an

ol I'f

N, N- di net hy pelrento Brsfersecheranydesafisyeh %Y‘Wésh‘tn ugeygn Qf??ad’é’ as the
sul f oxisde SQ{;%? ?paﬁH erlﬁé lal%%il%&fv@ﬂt ?%m{rﬁéa&f I%Br%nﬁﬁ BaRike sgtvent

i ncl udg 10ne propano acetonitrile and acetone. [0023]
As t he wat egoleeitt erthyafrofube, \A/Qtdamedmxyahmerlglddr@dmxanfsm thepther solvsatiused,

any water content capapl e of te rily dissolv be
sel ected. TaKSPRF @dgg?tgﬁkﬁ‘éh)ﬂéie Qe SP%ﬁ?ti W@f?%?gﬂm%gn%
purificati Omfﬁfcil@]ah 1&8&@&%&%%@1@@% sBlvéhid and ibicthy?bulfhiedossgasi ¢ sol vent
to water preferably’ranges from1l:4 to 10: i, more preferably from1l:2 to

3:1. [0024] sulfoxide Sireent.r Vslttlmrlprﬁz‘"altrﬁbwa@mﬁ%bﬁ thopranipselvertindidoy a net hod
i ncl udi ng ter-containi nlc sol vent beforehand; and
heati nd andg?ﬁelgaé’éll \?ﬁ’r‘?ﬂ &ﬁﬁ?ﬁﬁ?ﬂf] fﬁt‘i‘}l{}ﬁﬁ eceﬁornepar ed organic sol vent to
cool down thgymgsul tant solution, or by a method including: dissolving

Compound (1) in"an organic solvent; and adding water to the resgltant
sol ution. In bot Hsthe wetes conthet of thealer-FOHRNEIE e G B 1QPSEEIAN c ool i ng,

by concentratin on 0025
2§As t he anﬁ@n?%gfl %@o@g%ﬁ?@@gﬁlgﬁ%ﬂ{)wﬁ%% goc}gl Bgnf/&%qn%&%{ee{ggffl CI[ ent ][O
di ssol ve ComaRi dtl:(ala)ncéaémben3@tstallliaviﬁﬂeﬁimdnhjaamim1rﬁcansn pffecftemtabl y 1to

100 tinme(s) by weig nor. e eferably 2 to 50t| rther
pref erldbl y Bc¢aynge IFW%%? 5&1@@%@19@ VRO R WRLST Bre alftlﬁéa%ggg fn 1o‘%ft(t:orrpound

(1). [0026] fgggﬁf&epkﬁ%ﬂmﬁ%‘f“m@ snethod of the E-formcrystal is

descri bed.
[0024]

The crystallization can be performed either by a method including: preparing a
water-containing organic solvent beforehand; and heating and dissolving Compound
20 (1) in the prepared organic solvent to cool down the resultant solution, or by a method
including: dissolving Compound (1) in an organic solvent; and adding water to the
resultant solution. In both methods, the crystallization can be performed by cooling,
by concentrating, or by a combination of cooling and concentration.
[0025]
25 As the amount of the organic solvent to be used, any amount sufficient to
dissolve Compound (1) can be set. However, the amount is preferably 1 to 100
time(s) by weight, more preferably 2 to 50 times by weight, further preferably 5 to 20
times by weight, relative to 1 of the weight of Compound (1).
[0026]
30 Next, the production method of the E-form crystal is described.
[0027]
Examples of the acetate ester solvent to be used include acetate esters having a
C14 alkoxy group such as methyl acetate, ethyl acetate, n-propyl acetate, isopropyl
acetate, n-butyl acetate, isobutyl acetate and tert-butyl acetate. Among them,



Exanpl es of the acetate ester solvent to be used include acetate esters
havi ng a Cl4 al koxy group such as nethyl acetate, ethyl acetate, n-propyl
acetate, isopropyl acetate, n-butyl acetate, isobutyl acetate and
tert-butyl acetate. Anong them 9 preferred are ethyl acetate, n-propyl

acetate and isopropyl acetate and particul grly ethyl acetate..i referred.
As the anpuntefatedgg ciybicstate.sRgp %?@@r?t‘lﬁtl @Yﬁé%e&%e 3‘?1@10%83?1@3{

sufficient i V&4 Compound (1) can be used, however, the anount
is prefer abF@lylAfa%egat‘gg%E?ﬂerres ‘5by vol unme, particularly prefer abl% 5to 10
LY

times by vol ume, Asehaimonnttod the asbtaterstonedlytnt tobe Cxdpaumemoun suffioEagio
Exanpl es of the ketone solvent to he used include C3.6.keto as

acet one, HE@WIV%&HWPOR@?Q)%@,&H Repifgt NEDisF E?/?mfiﬁtd%%regeﬁ%lﬁgﬁiﬁHﬁ{s‘lts)butyI
ket one.; 10Agp R}Qluhike BartiRG RS ph&ekaBlyS BORHARE lﬁ}zn&bélﬁﬁﬁé,hﬂatiiféfbbvéﬁ/ﬂhe keigne, and

particul arly’ methyl i sobutyl ketone is preferred. As the anount of

t he ket one sbCumpbutd(lDe used, any anount sufficient to dissolve Conpound
(1) can be E@qeﬁg However, the amount is preferably 5 to 50 tines by vol une,
nost prefer ]10 to 30 tines by volune, relative to 1 of the weight of

15Conpound (1) . [QQ@BlesbX Ecameabivehterodlkiusdibincudb ) kemnexsuckal vent to be
used include C5.7 aliphatic hydrocarbons such as pentﬁn}eﬁ, l&;tgl?xane,
S0

cycl ohexane aegtornve presng eyl ketenn et [iesmesnyh ketongrapdyme kefoed are

n- hexane and n-h n i [ = | T The
rmount1Cof -t SR BHar PR e aetst TR B ARG GRS ATLFEAY L 1 o
100 time(s) nidhyl ¢dobosl kewneigyrefeaeabl y 5 to 50 times by vol une, nost
preferably 10 to 30 tinmes by volunme, relative to 1 of theu\fﬁéﬁrﬁt of

Compound (1). [od@sche omowet of thaketpns sohenbip Rsrusedy Ry ameuphs #® perf or med

at a certain, L . Ay &el 8hd HolR TP Bebrale 5Qb s@-aREvent .

However , prg%sé@?ggfo?f@gﬁ%g@ﬁ%g%?ﬁg%udi ng: edi ssol ?/i ng %Errpouﬁd ('1£| in an

acet at e est &y vehinwe niosopreferilely ddo 30 kiven by avldSCrelativeae;l etk weaightef an

al i phatic hydrocar solvent rapidly to the resultant solution and crash
Cg’é‘l‘ﬂﬁ’ﬁlpgzﬁt

cool i n]gS t he 0 roomtenperature to be crystallized. Here,
30"rapi dl y" [G®AAS "wthin 30 seconds". [0031]

Examples of the aliphatic hydrocarbon solvent to be used include Cs.;
aliphatic hydrocarbons such as pentane, n-hexane, cyclohexane, n-heptane and
methylcyclohexane. Among them, preferred are n-hexane and n-heptane and

20 particularly n-heptane is preferred.

The amount of the aliphatic hydrocarbon solvent to be used is preferably 1 to
100 time(s) by volume, more preferably 5 to 50 times by volume, most preferably 10
to 30 times by volume, relative to | of the weight of Compound (1).

[0030]
25 The crystallization of Compound (1) can be performed at a certain temperature

between 0°C and a reflux temperature of a solvent. However, preferred is a method

including: dissolving Compound (1) in an acetate ester solvent or a ketone solvent at

60°C to 70°C; and adding an aliphatic hydrocarbon solvent rapidly to the resultant

solution and crash cooling the solution to room temperature to be crystallized. Here,
30 “rapidly” means “within 30 seconds”.

[0031]
Then, the production method of an F-form crystal which is an ethanol-solvate

of (3R, 48)-7-hydroxymethyl-2,2,9-trimethyl-4-(phenethylamino)-3,4-dihydro-2H-
pyrano[2,3-g]quinolin-3-ol is described.



Then, the production nethod of an F-formcrystal which is an

et hanol -sol vate of (3R

4S) - 7- hydr oxynmet hy1- 2, 2, 9-tri met hyl- 4- (phenet hyl am no) - 3, 4- di hydr o- 2Hpyr ano
[2,3-g]quinolin-3-0l is described. 10 ﬂ@032] The solvent to be used is

et hanol . The amount of the ethanol to be used is 1 to 50 tine(s) by
wei ght, pref@3ably 2 to 20 tinmes by weight, further preferably 3 to 10

ti mes by weight, i%ﬁlsgl%g%g%%g&%@%legﬂaﬁoﬁmi ght of Compound (1). [0033]

The crystallizat can be performed at a certain
t enper at ur e bet waps afiGuanst the shifthabto bengdrial to 80 timets) by weagltt. prefovable? , t he

crystallization i f b f d.b .met hod i ncl udi.ng.; .h i d

i 5501 vi ng. G smes by a kirGaornS Bt CiBEne weibhat Riigo 8 e 'S, “and

coolin% thev&%iHb%gghlﬁgﬁyﬁﬁon, by a net hod including: dissolving Conpound
and ¢

(1) in ‘ethanols ncentrating the resultant solution, or by a nethod of
a conbi nati ¢oo33] the above two net hods. [0034] Next, the

T o T e bRl BB ™
pyranof 2, 3- %ﬁgﬁeﬂ%&@éggéﬁﬁmgﬁﬁ&w@%@a%10&%5]1{0%& s thev@hitalligathp ivsed i s

c
2- propanol . anou propanol to be used is 1 to 50 tine(s) by
wei ght, 20prpedferaalyl perdrined BY atetibsd inyludisiggheating and Hissolpingfmgisiupd g1 tin 10
times by weight, relative to 1 of the weight of oynd . [ PO36]
The crvgtml 9haﬁn&mqy%ﬁﬁﬁwﬂl%m%mﬁéﬁfﬂghﬁﬁﬁP%ﬁ%§§“§@%§éﬁﬂThg%g
tenperature apfsAvingid it duBAREiA kB0 hndcsiRbiteing thiowever , t he
crystalIizagﬁgﬁ&?gﬁgggFgge?agﬁg 5§$%org2§_by a nmet hod including: heating
and di ssol viregli@anspbitiod, ¢r1)y & methodrodpanwbination af hewbare &% BEEPFs. as
possi bl e; agﬁ g@oling the resultant solution, by a nethod including:
di ssol vi ng W% und (1) in 2-propanol; and concentrating the resultant

solution, or by ayd@!heprddlciot@eional i Gifcdih driealaliduieista®propbindaslvate
R pﬁ 2gﬁ%ﬂzﬂ{sr)q7(312%%f}lrmgtﬁgl-zbf,ﬁ?ﬁn%'th@?ﬂ-(%ﬂégetf%aiﬂl%?ﬁ NiRaspound (1)
pyrano[2,3-g]quinolin-3-ol is described.
{0035]
The solvent to be used is 2-propanol.
The amount of the 2-propanol to be used is 1 to 50 time(s) by weight,
20 preferably 2 to 20 times by weight, further preferably 3 to 10 times by weight, relative
to 1 of the weight of Compound (1).
[0036]
The crystallization of Compound (1) can be performed at a certain temperature
between 0°C and a reflux temperature of a solvent. However, the crystallization is
25 preferably performed by a method including: heating and dissolving Compound (1) in
2-propanol in an amount as small as possible; and cooling the resultant solution, by a
method including: dissolving Compound (1) in 2-propanol; and concentrating the
resultant solution, or by a method of a combination of the above two methods.
Further, the G-form crystal can be obtained only by suspending Compound (1) in 2-
30 propanol.

[0037]
Next, the production method of an H-form crystal which is a cyclohexane-

solvate of (3R, 48)-7-hydroxymethyl-2,2,9-trimethyl-4-(phenethylamino)-3,4-
dihydro-2H-pyrano[2,3-g]quinolin-3-ol is described.



[ 0037] Next, the production nmethod of an Hformcrystal which is a

cycl ohexane- solvate of (3R
4S)-7-hydroxynethy1-2,2,9-trinethy1-4-(P?enethyIaninO)-3,4-

di hydr o- 2H pyr ano[ 2, 3- g] qui nol i n- 3- ol i dldescribed. 11 [ 0038] The sol vent
to be used is an ether-based solvent, preferably di oxane. The anount of

di oxane to H¥38$ed is 1 to 50 time(s) by weight, preferably 2 to 20

ti mes by weight, r I . L ERSHRrNW difxand €l ative to 1
of the Swei ght oﬁ%%@%%ﬁ@%ﬁﬁ%%?@ff B sbiEREpreler P oteed s a
cycl ohexane. The Thsatounioff diyxcine hebanediol beStdmd(s) by weight3gefefatly( S by

i ght, f bly 2 2 [ b [ . ' i ght of
Conpound” (190 U sanihs furheeGry et 31770 rieeRY o Bengalixg o bR O ©
prefer %bl Y R&EdRLredP%udd it hod i ncludi ng: dissol ving Conpound (1) in an

et her-based sdfvent 1n an unt as smal | as possible at 60C to 70C, and
addi ng a cy¢da#9g¢xane rapidly to the resultant solution and crash cooling

the solution to roomtenperature to crystallized. Here, 15"rapidly"
means "within 30 Tg'@é%‘ﬁa%""tf) b%ﬁﬁ%?—'ﬁﬁl‘%%h?#‘ﬁ\l OF THE DRAW NGS [0041] [FIG
1] FIG 1 is a pawdemotnf cydidhbxaette8e asadat 1 ansouifre{dnbyrwedgia) proferabBR,
2045S) - 7- hydr oxynet hy1- 2, 2, 9-tri net hy1- 4- (Phenet hyl am nQ) - 3, 4- di hydr o- 2H
pyr ano[ 2, 3- §Jtqulnivhasrby3vaighioriativiedel 1 of tsrwrigly afSoampoupd ébent i nvent i on.
[FI G FI (15914% is a figure showing a powder X-ray diffractogramof a
B-for ryst 9403+ (3R

4S) - 7- hydr oxy met hgpdc2yséal Bzdtioh B8 Udybodnd Oh éngefeydtdppa@®mBiddby a method

-di‘hydr o- 2H-pyrano[ 2, 3-g] qui_nol i n- 3- ol obtai ned according to the present
i nvention. anqledicg: ct;qsog'mg Cgmpguagd §1) gugrbetgsﬁgwsggs v%mgq ar;kg‘];rg)?s Bhar
di ffractogr %gnpgésitﬁg atE60°C to 70°C; and adding a cyclohexane rapidly to the resultant

solution and crash cooling the solution to room temperature to be crystallized. Here,

15 “rapidly” means “within 30 seconds”.

BRIEF DESCRIPTION OF THE DRAWINGS
[0041]
[FIG. 1] FIG. 1 is a powder X-ray diffractogram of an A-form crystal of (3R,
20 4S)-7-hydroxymethyl-2,2,9-trimethyl—4-(phenethylamin0)—3,4-dihydro-2H—
pyrano[2,3-g]quinolin-3-o! obtained according to the present invention.

[FIG. 2] FIG. 2 is a figure showing a powder X-ray diffractogram of a B-form
crystal of (3R, 48)-7-hydroxymethyl-2,2,9-trimethyl-4-(phenethylamino)-3,4-
dihydro-2H-pyrano[2,3-g]quinolin-3-ol obtained according to the present invention.

25 [FIG. 3] FIG. 3 is a figure showing a powder X-ray diffractogram of an E-
form crystal of (3R, 48)-7-hydroxymethyl-2,2,9-trimethyl-4-(phenethylamino)-3,4-
dihydro-2H-pyrano{2,3-g]quinolin-3-ol obtained according to the present invention.

[FIG. 4] FIG. 4 is a figure showing a powder X-ray diffractogram of an F-
form crystal of (3R, 48)-7-hydroxymethyl-2,2,9-trimethyl-4-(phenethylamino)-3,4-

30 dihydro-2H-pyrano[2,3-g]quinolin-3-ol obtained according to the present invention.

[FIG. 5] FIG. 5 is a figure showing a powder X-ray diffractogram of a G-form
crystal of (3R, 4S)-7-hydroxymethyl-2,2,9-trimethyl—4~(phenethylamino)-3,4-
dihydro-2H-pyrano[2,3-g]quinolin-3-ol obtained according to the present invention.



formcrystal of (3R

4S) - 7- hydr oxynet hy1-2, 2, 9-tri net hy1- 4- (phenet hyl am n0) - 3, 4-

di hydr o- 2H pyr ano[ 2, 3- g] qui nol i n- 3- ol oghai ned according to the present
invention. [FIG 4] FIG 4 is a figure owi ng a powder X-ray diffractogram
of an F- formcrysta

| f (3R ] .
ggzj Z gydr (2)xy met H{IG-5] gFIéi( ﬁ&ﬁ ?r&gﬂff’lshﬁ‘-”(w@t | i Pfaﬁyﬂ%gac@gggm ori an H- |
i ro- <3 i resen
y '[#ﬁ%éf;%g@[ ﬁ @Rggg}iglhghﬁ&g&emym, ,@hﬁﬁahﬁaagjgghaaym He.p

i nvention. ure-"show ng a po X-Tay di ff ract ogram
of a G for mdilipdss-aH-pfraf FR3-g]quinolin-3-ol obtained according to the present invention.

4S) - 7- hyd t - -tr. hy1l-4- (Phenet hyl amd 110).,- 3, 4-
di %ydr OYZI[I?ngnEF%?’é}SF%ﬂ Fflﬁgl%l ué-%llow ‘gfr&ﬁ"efﬂ%’g%?8%ﬁ0ﬁb“@§°{ﬁ‘éﬂ Bp'raélgent
i nventign. aErlﬁ?ch?i crystglgkp(gfé]4sgj7qud§o,{?§neg§nimg@ri@mw-mgptﬁnﬁmw&mina§= ray

di ffractogr ah Hformcrystal o

4S) - 7- hydr 0dyéreittysito-2H Dyeanof 2, e qujinelin-3-ohebiaingg peserding toghg present
di hydr o- 2H pér ano 2,3-g]quinolin-3-01 obtai ned according to the present
invention. ['BY@"°%] FIG 7 is a figure showi ng water adsorption isotherns

of A-, B- and SE-[FpsreiCFIisak s fiplrd shBwing the high-temperature X-ray diffractogram
4S) - 7- hydr oxynmet hy1- 2,2, 9-tri net hb/l- 4- ( phenet h%:r?g‘gi no%-

3, 4- di hydr o-Fithgpérfamspesel gf QR A8/ iydraymsHyiilre tiHRe 8 dtng to the present
i nvent jon. FlG. [ i | Y Halc® i &apergt ure
X-ray Lq)f fr 6(81{1%n§£h Irlﬁ%cl)lfl gi'%g '(%1}’%??721?{ C st%?’%%]a%l‘%lﬂg Stk ®

45) - 7- hydr oxli@rpichent iddiedtidn.t r i met hy1- 4-

10( phenet hyl am no) - 3, 4- dj hydr o-2H pyr ano[ 2, 3- ui nol i n<3-01.0bt ai ned
according to the F‘ésgénflq-r?\ﬂéﬁtf}z%‘gé‘o“”“é %‘ﬁ?@'@]ﬂpﬁa@m 58 ik dé&%c%lg%n

showi ng the I t 70 )@ﬁ{quﬂ_qm’@.&irhm Btform crystal of
(3R, 4S5)-7- hc{/p roxyfﬁg?ﬁﬁ{ag%(%ﬁ’???gyﬁ% 4- o Y . .

( phenet hy| anfphajetld/laninb § drdhpdio H-aymeho[28-glayinohat3rol-obianedsseaidigdo

accordi ng to, 15t he present invention. EXAMPLES [0042] Hereinafter, the
present? i nvhe PERTYCOB®described in nore detail referring to 20Exanpl es
whi ch should not be construed as |imting the scope of the present
invention. In Exanples the nelting point nmeasurenment was perfornmed by a
capi | l ary néiX8¥RIdihg B-545 (manufactured by Shibata Scientific Technol ogy
Ltd.) (tenp % rerising rate 1 mn.); the differential scanning

cal ori metryﬁ? ) was perfornmed using DSC 8230 (manufactured by Rigaku

Cor por ati on) (tenpecahitee tyresangveston whlltendescrjiedam thorhdetpidwelenrinX e ay

Sci encad Go. . Eereples Waigh sbune 80! RS FORBVAEAAEER 11 SEORTHBE PSS ).
invention. In Examples the melting point measurement was performed by a capillary
method using B-545 (manufactured by Shibata Scientific Technology Ltd.)
(temperature rising rate: 1°C/min.); the differential scanning calorimetry (DSC) was
performed using DSC 8230 (manufactured by Rigaku Corporation) (temperature

25 rising rate: 5°C/min.); and the powder X-ray diffraction measurement was performed
using MXLabo (manufactured by Mac Science Co., Ltd.; ray source: CuKa,
wavelength: 1.54056 (10" m)).

[0043]
A crude product of (3R, 4S)-7-hydroxymethyl-2,2,9-trimethyl-4-

30 (phenethylamino)—3,4-dihydr0-2H-pyrano[2,3—g]quinoiin—3-oi {(Compound (1)) can be
obtained by a method (Synthetic method A) described in International Publication No.
WO 2005/090357 pamphlet.

In addition, Compound (1) can be synthesized also by the following method

(Synthetic method B).



[ 0043] A crude product of (3R, 4S)-7-hydroxynethyl-2,2,9-trinethyl-4- 30
(phenet hyl am no) - 3, 4- di hydr o- 2H pyrano[ 2, 3- g] qui nol i n-3-o0l (Conpound (1))
can be obtained by a nethod (Synthetic r'ﬁt hod A) described in International
Publ i cati on No. WD 2005/ 090357 panphl et.*”I n addition, Conpound (1) can be
synt hesi zed al so by the follow ng nethod (Synthetic nethod B). 13 [0044]
Ref erence SyP@44dtic Exanple 1 Synthesis (Synthetic method B) of (3R

4S) - 7- hydr oxy . j y1-4-
(phenet hyl aﬁe%%%%ﬁg%ﬁgg%%@gﬁgyr ano[ 2, 3-g] qui nol i n-3-0l 510.05 g (32.1
mol ) of ( 3Ryn#Sis (Syrdhaieansth@] B) 6F (3R, #8)-AyydByamgthiy)-a2dd-rimethyl-4-

pyrano[ 2, 3-g]lquinolin-7-yl)-neth acet synt hesi zed according to a
met hod desc%PlEfé’&'HWY lﬁ?bi%é%lbxﬂtﬁ%%kb%%‘ﬁggr@HXIHBH“'%%2005/ 090357 panphl et)
was di ssolved in 1%%52%9(39.1%%?}_ AR 4@90(@,4-&&6&(12329ftﬂﬁl'éihtyﬁﬂﬂ-cﬁl@idiw@ﬁ1 40

(40 mmol ) of a 1M sodi um hydr oxi de aqueous sol ution was dropped,_ followed
by stirring pybmofZ34gldquamilintDyi)xnethyl acetatosimthesisdrageard@gnto p 138hed nut es. To

the resulta reaction mxtu 60..06 - H20
were added Akeerind m jepaiend] BuRiRPRNg, Mo SR SNaRs PhaRtel dal bidoRta
reaction mxhonegow dfinGhdrl @I thaeduldRSsolutioe, 40 gANH0 nmyiepf al
concentrated to produce 9.53 g of a pale brown soli g S-gli(fjr,ir;g?fgasm d, 49.85 ¢

of tol uene wedivateisoxifelaqueeuy edlulieraryes rgBpPRSh gqlksw reéfdt%c for 10
m nut eg, 15and, ?%lét?r%o%ﬁ\é\%p% OFLng(ﬁ'r?) ing\.’és.t ofthd kgﬁétaﬁipf'eagﬁdhs&ﬁdture:rﬁ)?O@r ystal

was washed WYY uene an rred at 5 under reduced pressure
to produce % S&hibrofor@laid 69B0720f IO (F added and the layers were separated,

4S) - 3, 4- epoxy- 7- hydroxynet hy1-2, 2, 9-tri met hyl- 3, 4-di h dr.o-21ﬂ,— .

byt anol 2, 3- gpHeIeLPY AKtBcEne His ackionuxtes peh SRl ANe IR 7 Be igppig
2011-1- NWR ( of % own s8I, (Bd the sBlid MB)85 2. 59
(3H s, M) ,l%%%sé’&@&%eggﬂb%ﬁ%gg ,Of?i.pfigb%rm d, J=4.3 Hz, c_;4),524. 42
(111, t, J=%fGoldEne «A243dkd add 88 r¢RiHantusgendiof vz sti@eR @H§0°CHo070 indktess,  Ar)
7.31 (111, s, Ar), 8.08 (1H, s, Ar). Mlting oqilil: 143 to 144%(125 0 a

i qui dloi xt wnd copled domngo P36 onbelpity fifier theTtsiAlail e BrypaRYVas wpshed 21l oy -

7- hydr oxymnet -2 9-trimet.hyl-3..4 dihydro- = i i42- 3- ol
and 16,07 5 05 sy and Bod shfslie skl TN bR O P Pl

2- phenyl et hydqap S |ackraRel 7t Ers:8amdtliy iz 2 Hitpinethe]- 9@ sdihgdrd &f-and
refiuxed fo?lﬂgﬁﬁ(\gg %ﬁgsijsolpge%t HVB\E; di,sti}?fyéd of f tg pr oollltfg 14.52 g of
(3R, 4S) - 7- pptansk3Aelayinelin-3-oh a3 ¢ white §ohd. 4-

30( phenet hyl ]ggeré?a)néé’vé}ii%iswigro_ 2H pyrano[ 2, 3-g] qui nol i 11-3-0l as a brown

oily substa .
20 IH-NMR (CDCl3, TMS)

& ppm: 1.31 (3H, s, Me), 1.65 (3H, s, Me), 2.59 (3H, s, Me), 3.60 (1H, d, J=4.3 Hz,
C3), 4.15 (1H, d, J=4.3 Hz, C4), 4.42 (1H, t, J=4.0 Hz, CH,OH), 4.83 (2H, d, J=4.0
Hz, CH,OH), 7.07 (1H, 5, Ar), 7.31 (1H, s, Ar), 8.08 (1H, s, Ar).
Melting point: 143 to 144°C

25 To a liquid mixture of 7.98 g (29.4 mmol) of the obtained (3R, 45)-3,4-epoxy-
7-hydroxymethyl-2,2,9-trimethyl-3,4-dihydro-2H-pyrano[2,3 -glquinolin-3-ol and
16.07 g of 1-propanol, 4.30 g (35.5 mmol, 1.2 equivalent) of 2-phenylethylamine was
added and the resultant mixture was heated and refluxed for 5 hours. The solvent was
distilled off to produce 14.52 g of (3R, 48)-7-hydroxymethyl-2,2,9-trimethyl-4-

30 (phenethylamino)-3,4-dihydro-2H-pyrano[2,3-g]quinolin-3-ol as a brown oily

substance.
[0045]
Example 1



[ 0045] Exanple 1 14 Production of an A-formcrystal of (3R

4S) - 7- hydroxynet hy1-2, 2, 9-tri net hyl- 4-

(phenet hyl am no) - 3, 4- di hydr o- 2H pyr ano[ dqui nol i n- 3- ol To 14.52 ¢
of a crude product of (3R 4S)-7- hydrox;zzlﬁ‘et hyl-2,2,9-trinethyl-4-

(phenet hyl am no) - 3, 4- di hydr o- 2H pyr.ano

| bt d
Ref er ence SMWBQIF ef mxArfprma crystal of R, [d%%"f% k@’g%@%&@ggi‘t?@é i tﬁ&‘dzgd :azd t he
ggsg"lt gngf mr('pﬁf] el Iérlpe?& o%égal‘?%;trgnct{gscg 1asiRbd.oif O | owed by droppi ng

res ant solution at 49 to 58C to be
crystallized. Therorlelsiﬂ g aha cmdxq)mcblct/m“ﬂﬁoﬁ)ﬁ}hﬁ@mym@thﬂ Adddsimetyd43C and

then th t al fil d h t. th
mixture of IpngapEpeytiade SR St R en R SR Relte
8.0 d tthd re@filtdno miaured (1

a V\/mgtgjfcr ys HP%H@ERS}#E{?LI gg%ggonﬁgaﬁ%égﬁ?gﬁ%%grt sidgl tWas 124 tg) )1ng

The obt ai nedvashyatedko HBRC iy dissobad) bilDSE! hyndropping aof pheptpesigia | an
endot herm ¢ peak was confirnmed at 130C. di ffractogram

of the crysttag reselfant seltaen %‘t”r%toé@a@éo %F@S‘Bhgé‘? v’gﬁgﬁ"?m&e}“ﬁ ’étb“ﬁ ¥H angl es
20) of 5.6, 12.0,..14. 7 5, 27.6.
gl'he) rgsul t 8o ?ﬁ&?ﬂnl Hh‘if‘f“@“sﬁ’ to @3@? tl‘égl it f%ztgp‘gagﬁ%%? cll %ﬁlhg\?ed;ﬁ‘yB_ form
crystal of (3Rnhing $1)1e3 Emmhy}mhb&dmz)fz sggwamﬁtahmtezbﬂd7sgofn-heptane
(phenet hyl am nolz)gﬂnB d| hydr o- 21- 1- pyr ano[ 2, 3- dqu 4)I n- 3- ol gg 2. 23(9 of an
A- f or M@r ystaad then, vk 8. QLSPf m—hw@ﬂ@i@mtiwﬂ%ngg FR eR(Fil gf Compoun

henet hyl di h I | ved
23773 o of U s ool e 3oR: of hedb bR Mg S E LR, o

sol ution, 27helbtdindf cryfthiokasvad; ddfedp@mcaﬁna@rstmiﬂasaluamewlofanﬁﬁddtberﬁﬂ(: over
20 m nutes, and the resultant mxture was cool e fij down to over .3 hours,

fol | owed by psakwasn@ﬁm@d%ﬁﬁQﬁr]@tthQ‘ﬁ@f%ﬁ%’ 185 o8 Begtys®: ni nut es

to filter off the .ct r e e ed
pressure unt BReERESULPGHE Y CHEN R Lot e P B 120 G s, 22
g of ajph 21656”1'6@ ey, m@d,m@% sThe. 60b[th%|r8@ﬂi1ﬁély@ﬁ1ﬂinm15um ect ed to DSC
anal yS| s an as thé result, an endothermc peak was confirmed at 91C. In

t he powder X0046) dlffractogran1of the crystal, characteristic peaks were
30o0bserved diff%action angles (20) of 6.4, 8.7, 12.8, 17.5, 19.1, 20.7,
22.0, 24.8, he result is shown in FIG 2. In addition, the crystal

was subj ect ggolgtionof HEREHHEEREthl off(SRASF 7-hpdrbenhethgi-28, Qatritznthiyl - s cher
noi sture neter (volunetric analysis), and as_a.,r mug E)l wat er content of

3. 2% by masgphensitdaraioprd.4- @lbmdmm—psranop 3-glquino

20 62.23 g of an A-form crystal of 3R, 45)- -7-hydroxymethyl-2,2,9-trimethyl-4-
(phenethylamino)-B,4-dihydro-2H-pyrano[2,3-g]quin01in-3-ol was dissolved in
247.73 g of ethanol with heating the mixture to 62°C. To the resultant solution,
275.19 g of water was dropped at a temperature of 55 to 67°C over 20 minutes, and
the resultant mixture was cooled down to 5°C over 3 hours, followed by stirring the

25 mixture at the same temperature for 30 minutes to filter off the crystal. The crystal
was dried at 50°C under reduced pressure until the weight of the crystal was not lost
on drying, and 59.22 g of a white solid was produced. The obtained crystal was
subjected to DSC analysis and as the result, an endothermic peak was confirmed at
91°C. In the powder X-ray diffractogram of the crystal, characteristic peaks were

30 observed at diffraction angles (20) of 6.4, 8.7, 12.8, 17.5, 19.1, 20.7, 22.0, 24.8, 26.6.
The result is shown in FIG. 2. In addition, the crystal was subjected to the
measurement of water content using a Karl Fischer moisture meter (volumetric
analysis), and as a result, water content of 3.2% by mass was detected.

[0047]



Exanpl e 3 Production of an E-formcrystal of (3R

4S) - 7- hydroxynet hy1-2, 2, 9-tri net hyl- 4-

(phenet hyl am no) - 3, 4- di hydr o- 2H pyrano[ 2, 3-g] qui nol i n-3-0l 14.99 g of an
A-formcrystal of (3R, 4S)-7-hydroxymnet h‘?l- 2,2,9-trinethyl-4-

5( phenet hyl am no) - 3, 4- di hydr o- 2H pyr ano[ 2, 3-g] qui nol i n-3-0l was di ssol ved
in 75 mL of Example hicetate with heating the m xture to 63C. Thereafter, the

heating was 4 et ni.nated ar L Rt j } ) id¥het@f1-41- hept ane
of room tenﬂ}é?éut%h%ogﬁr‘sﬁgglaég&aswoa %gffgge %ﬁ%@%&%& iﬁgiydown t he
resul tant m(ﬁﬁéﬁ%ﬂw&iﬁm,43E1’ﬂl@yd‘r@‘§m-p3aaﬁo[ﬁj3xg]quiaoli\mé-oslti rred as it was for 1
hour to filter of

th tal. Th t dri ed, at, 40C
reduced pressure 1146991".;@%{]%/34%@ 612’3%“1 §£é§ %MJ’ &Xﬁﬁ’:‘iﬁ’g}'aszo(’f" rﬂ?&gﬂ%{"

obt ai ned cryst al &gﬁ, 0k 8CHRrb LP% al3y S 8indHAL 398 WRRI%GERE in 7ML
endot hgérjm' c (gltéegfth S @cj?g%lgﬁﬁrr@gkg? 1 %ﬂl n @Hempowder X-ray diffractogram
of the crystalethyt hestae ithitehiicg he akistunetost360's diheredfter, thiiHebtigwadn angl es

(20) of 9.1, 12.8, 13.1, 14.6, 15.2, 16.4, 2.1. 23.6,.24.8. The.result is
Shonn i n_Fi Germgnates pabigihe sealiptaotion il GhABEPERC B PG EEPISRET *of | (3R

4S) - 7- hydr oxynet - -t -4 i 26°C. Th
(phenet hyl a#%Oa)dﬁécf%f%zlz%n%&%ilaﬁ%%é%gﬁcg[ngdgy&tl&alreggllteilnr%_rrg@gllretfo.ﬁm g gf an
A-f or m cr ystraduliaht hdfure 4% siirby d¢ DwasdthyAou i@ filet off fhetdnystald The crystal

20( phenet hyl am no) - 3, 4-di hydr o- 2H- pyrano| 2, 3-g] c1§| ol itn- 3-IOI was .di ssol ved
in 60. 20 g ofasalriedrnbf06 wnrden seducedpiepmiraiogofucetls 67620t arlIoMeRaRY 3

sol ution was cooled down.to : r g g gfirred at
5C for 1 homfpﬁﬁ'olrg? P?tg‘wegffysf%g%\é?é@%%‘%@%%@%?ég%la vvélsgmgrr%gd’ at 50C under
reduced presgibeticipealt Was vaifithied af 119%€. dn yisd piwdsaX-rgtdiffimstogemm of theng,
and 10.96 g of a white solid was produced. The 25obtai ned crysta

| was
subj ect ed t arp®C, cmadopsistic praksazere hbseresiat diffrastionanglasd?® of Podi-8ndd 1,
confirmed at. 99C._In _addjti in, the powder, X-r i f.f ract ogram of the
crystal, chalﬂa‘gt%ér%véﬁgcg%i’aﬁg@v%&e ﬂﬁ"s%?‘ag Sl&?wﬁiﬂ?}f:ﬂ%gfi on angles (20) of
6.8, 1157, 23018] 16.8, 18.0, 19.3, 20.4, 20.8, 24.6, 25.6. The result is
4

shown in FI . I'n addition, the solution of the crystal in CDC13 with
t et r amet hyl sitasmye 4s an 30i nternal standard was neasured by 1H NVR The

ratio of an jntegrati.on.val ue ' tRNS. Elﬁ?éﬂﬂj!'-ﬂ?bﬁiﬁﬁl‘%ﬂlﬁﬁ-5 3.7 ppm
to that of 1}"f8ﬁ‘6‘?k9ﬁOSF‘“E-%E&CE%%%SEJ%O@?u‘%“?) 574 T 1. so that the
gryzt alt ~was (?ﬁé}fei(tjﬁy;lﬁﬂinbmJﬂe?jh?rdro?%%ﬁmﬂz,Sg]quhmﬁn—i-OD49] 16 Exanple 5
roduction of a O-formcrystal of (3R .

48) - 7- hydr oxynet hifibg of g}l ﬁrfowthpgzﬁ 2L (GR, 48)-7-hydroxymethyl-2,2,9-trimethyl-4--

20 (phenethylamino)—3,4-dihydro-2H-pyrano[2,3-g]quinolin—3-ol was dissolved in 60.20
g of ethanol with heating the mixture to 76°C. The resultant solution was cooled
down to 5°C over 1 hour and 45 minutes, and stirred at 5°C for 1 hour to filter off the
crystal. The crystal was dried at 50°C under reduced pressure until the weight of the
crystal was not lost on drying, and 10.96 g of a white solid was produced. The

25 obtained crystal was subjected to DSC analysis and as the result, an endothermic peak
was confirmed at 99°C. In addition, in the powder X-ray diffractogram of the crystal,
characteristic peaks were observed at diffraction angles (20) of6.8,11.7,13.7, 16.8,
18.0, 19.3, 20.4, 20.8, 24.6, 25.6. The result is shown in FIG. 4.

In addition, the solution of the crystal in CDCl; with tetramethylsilane as an

30 internal standard was measured by 'H-NMR. The ratio of an integration value of 2
protons of ethanol detected at & 3.7 ppm to that of 1 proton of 4-position of
Compound (1) was 2.4 to 1, so that the crystal was confirmed to be a 1.2 ethanot

solvate.
{0049]



(phenet hyl am no) - 3, 4- di hydr o- 2H Pyrano[ 2, 3-g] qui nolin-3-0l 1.00 g of an
A-formcrystal of (3R 4S)-7-hydroxynethyl-2,2,9-trinethyl-4-

5( phenet hyl am no) - 3, 4- di hydr o- 2H Pyr ano| % 3-g] qulnOlin-3-0ol was suspended
in5 nm of 2-propanol and stirred at 21¢% or 19.7 hours. The crystal was
filtered off and dried at 40C for 6 hours under reduced pressure until the
wei ght of tFea@plest al was not lost on drying, and 0.97 g of a white crystal
was produceg, &2 1 (VRSS90 1266 ISP aaktgl-s- and as the
result, an g)ﬁ(édg{aﬁgl?%%bg@g%%mgs cor(lfi rrrS?sd 1%at§gl_5€fﬂg’c. In the powder X-ray
di f fr act ogr gphepbthyeiseyXtalihydhdtagirend[28iglqpeelie3wér e observed at
diffraction angles (20) of 6.7, 11.6 . 3.6 abla 1; 6; 19.1,
19.8, 20.1, 50 8.1 Ofeof wehriprm e R Ry 4B -ty ay sy %lﬁtl%’%ﬁr,lm%tﬁ%l Lol uti on
of the Lrys Ly W tdnd s 2 Bivd[3 13l S 8€inakn-3 Fol Waks Blispendad is Sanidar d
was rreasgur eﬁey“%% N'VR&) Thelr%ti o of an [i ntgggr ation value of 1 proton of

2- propanol @¢tesbgtohindstired gpAMTE GortIRat havks. 1Theraywal wis Miepxkef pach of
Conpound (1) was 0.83 to 1, so that the crystal. s. canfi.r.med a 0.83
2- propanol dsisil abd®q Gosdpursomdsigsiuces Berss d‘f’f‘bw%d’?el Oﬁ[qeo%rﬁt'éérvgagt al of
(3R, 49)-7-h %ﬂ'ﬁ}y F -t S ity dal roduced. The obtained crystal
(phenet hyl aﬁ%g%’%ﬁ( ) Q?%?%% gggligp%}ar ano[%?r& dvaausipnol in-3-ol 19.95 of an

A-f or m cr ystvads sabjet3Rio BSL-dhalysisrand perétetrysul2 ap eiglothermiq ppk-was confirmed
(phenet hyl am no)(—)3, 4- di hydr o- 2H pyrano[ 2, 3-dqui nol i n-3-0l was dissolved in
140 251G i L &t 78P¥xane. An insoluble material was filtered off, and washed
with 60 nL of di Enon > PAvV arh b fHelchRhi OdtfardéReBtic pefeGRe: pressure
to obtain 50 g oﬁﬁglper%os‘g ge)fpdgo(ﬁﬁhco . The rgecsxl%gﬁual sol uti og was heated to
60C, and t hems&Qd aildifffactiys bogiex@eg ofag, bdeldd . AllB.6al 6.6ntk7.ak¥db,t1Ad. sol uti on
was subjected to crash cool iqulj:lg_from 6'0% 0_28C. The solution was stirred at
25C to 28C {8,804, Bo8r Ihesesuiyis ehovgowrilGi fe crystal The crystal was dried
at 50C for 2 hour SWsBil 4PEDICE REh YRiaatthydfilahdes &1 yst al
was not | ost on J?f?ﬁ%ﬁﬁhﬁgg@%ﬁg‘%%&gfi‘% white q%ysta.l vvas_}(ppi oduced. The
obt ai nesl cr Vigtedral WaSdHEbjae eicasurtd bPSA- MR yBiegatmdf asintageatioasiglue ofdn

proton of 2-propanol detected at 8 4.0 ppm to that of 1 proton of 4-position of

Compound (1) was 0.83 to 1, so that the crystal was confirmed to be a 0.83 2-
propanol solvate.
[0050]
20 Example 6 _
Production of an H-form crystal of (3R, 48)-7-hydroxymethyl-2,2,9-trimethyl-4-
(phenethylamino)-3,4-dihydro-2H-pyranof2,3-g] quinolin-3-ol
19.95 g of an A-form crystal of (3R, 48)-7-hydroxymethyl-2,2,9-trimethyl-4-
(phenethylamino)-?),4—dihydro—2H~pyrano[2,3-g]quinolin—3-ol was dissolved in 140
25 mL of dioxane. An insoluble material was filtered off, and washed with 60 mL of
dioxane. The solvent was distilled off under reduced pressure to obtain 50 g of a
residual solution. The residual solution was heated to 60°C, and then 600 mL of
cyclohexane was added all at once and the solution was subjected to crash cooling
from 60°C to 28°C. The solution was stirred at 25°C to 28°C for 5.1 hours to filter
30 off the crystal. The crystal was dried at 50°C for 2 hours under reduced pressure until
the weight of the crystal was not lost on drying, and 21 .96 g of a white crystal was

produced. The obtained crystal was subjected to DSC analysis and as the result, an

endothermic peak was confirmed at 80.1°C and 86.1°C.



endot herm ¢ peak was confirned at 80.1C and 86. 1C. 17 In addition, in
the powder X-ray diffractogramof the crystal, characteristic peaks were
observed at diffraction angles (20) of 6.0, 16.4, 17.0, 19.2, 19.8, 20.3,
21.0, 22.8. The result is shown in FIG 18 In addition, the solution of. the

crystal in CDC13 with tetranethy|silane_as an 5i né%{rinal ?tf%nda{?d was
measured by 1H NWRadditien,rintheopastdes X-jaydbigragiogsmn oLihg sl a8 TEHs of

cycl ohexane det ect ed. at ) I Iy 70f
Compound ( 1peteevS gpRrytd ATPRk SR dofe AL 7D A2TESIO R, 2 067
cycl ohexane 23q) yaige Thk Q&allis dkbkasin FE&GAEP! es Herei nafter, Test Exanples
using crystal forms A B, E and F obtained b e above t hads of Exanpl es
1 to 4 are descrilpedditippobeolyden ofthaspsel Té@%ﬂe a}h@itrﬂ%‘g&’igﬁﬁflﬁlet‘iﬁ,anhum dity
() vere exdneRER ERHE bk e e BF JEnuR, TR of &Y MRl Sl o 1 £0MPOUNE
Ther nost abi Igréténd 66dyclobikaneietictidtay Svbppato tandf Dploeehs of metlek sf i n

air-tight container 20Hum dity stability test: 25 _C, 90% R weeks, in
opened cont &iamepourdgtlosaseh69 iq s sodhat thegysteywies qepfirpetio bBsel-RH 57 hours,
i n opened contﬁhner 1 tIn addition, the stability of the crystals was

eval uat ed bfyf eﬁ@g&ﬁ%gagf increase of the total anmount of inpurities by

HPLC anal ysi[gg5ifhe result is shown in Table 1. [0053] 25[Table 1] A-form
crystal B-formcrystal F-formcrystal Initial val ue0.84%).55%0. 25%
Ther nokt abi |Test/Bxamolgs 7099. 37% Huni dity stability0.83%). 53%). 35%

Hereinafter, Test Examples using crystal forms A, B, E and F obtained by the
above methods of Examples 1 to 4 are described.
[0052]

Test Example 1
15 The thermostability, humidity stability and photostability of the A-, B- and -

form crystals of Compound (1) were examined.
The conditions for each test were as follows.
Thermostability test: 60°C, humidity was not controlled, 2 weeks, in air-tight
container
20 Humidity stability test: 25 °C, 90% RH, 2 weeks, in opened container
Photostability test: 200 W/m2hr, 25°C, 60% RH, 57 hours, in opened container
In addition, the stability of the crystals was evaluated by the degree of increase
of the total amount of impurities by HPLC analysis. The result is shown in Table 1.
[0053]
25 [Table 1]

A-form crystal B-form crystal F-form crystal
Initial value 0.84% 10.55% 0.25%
Thermostability 0.83% 1.70% 0.37%
Humidity stability 0.83% 0.53% 0.35%
Photostability 0.85% 0.72% 0.74%

[0054]
In every crystal form, the increase of impurities under the conditions was 1.5%

or less. It is confirmed that the A-form crystal among them is the most stable as no

30 increase of impurities under the conditions.



Phot ost abi i ty0. 85%0. 72%). 74% [ 0054] In every crystal form the increase of

I mpurities under the conditions was 1.5% or less. It is confirned

that the A-formcrystal anmong themis the nost stable as no 30i ncrease of

i mpurities under the conditions. 18 [0385] Test Exanple 2 The A-,
and E-formcrystals of Conpound (1) were subjected to an accel eration test.

The conditi §0Aor the test were as foll ows. 5Accel eration test:
RH, 6 nonth
addi ti on,

t

r-tight container [Measurenent conditions]

in _an.al
ﬁ?ﬁ X&B}Hl%y of the crystals was eval uated by the degree of

In

B-

40C, 75%

increase of the trabal-, BrRWDE-fofm brygtals dfiGenfmyun@iPL)Gvanathjested tolwe result is
show? :n Tabl e 2. [0056] 10[ Tabl e 2] A—formcr%)ﬁtal B-formcrystal E-form
crysta

1.15%

5

10

15

20

25

30

| ni epeglergtign sty Thewpndions 7 fros st re

Acceleration test: 40°C, 75% RH, 6 months, in an air-tight container
[Measurement conditions]
In addition, the stability of the crystals was evaluated by the degree of increase

of the total amount of impurities by HPLC analysis. The result is shown in Table 2.

[0056]
[Table 2]
A-form crystal B-form crystal E-form crystal
Initial value 0.70% 0.42% 0.64%
Measured value 0.80% O LIS% 0.64%
after test
[0057]

In every crystal form, the increase of impurities under the conditions for
acceleration test was 1.5% or less. A-form and E-form crystals were confirmed to be
remarkably stable because no increase of impurities in them was observed.

[0058]
Test Example 3

The A-, B- and E-form crystals of Compound (1) were evaluated by water
adsorption analysis.

[Measurement conditions] sample amount: 0.2 g; pre-treatment: 60°C, 20 hours;
temperature 25°C, Volumetric adsorption apparatus (trade name: BELSORP 18
manufactured by BEL Japan, Inc.) was used. '

[0059]
In the B-form crystal, although the adsorption of water was observed, the

adsorption was reversible. In the A-form and E-form crystals, there was observed no
adsorption of water. It was observed that the adsorption of water on A-form crystal
was less than that on E-form crystal. The resuit is shown in FIG. 7.

[0060]

Test Example 4

The solubility and the specific surface area of the A-form, B-form, E-form and

F-form crystals of Compound (1) were examined.

J%Pue after test 0.80%



0.64% [0057] In every crystal form the increase of inpurities under the
conditions for acceleration test was 1.5%or less. A-formand E-form
crystals were confirmed to be 15renar katil y stabl e because no increase of
inmpurities in themwas observed. [0058] Pest Exanmpl e 3 The A-, B-
and E-formcrystals of Conpound (1) were eval uated by water adsorption
anal ysi s. Zﬁ[omwrenent condi tions] sanple anount: 0.2 g; pre-treatnent:
60C, 20 hourgs . C, i T : t feade
name: BeL SoierRE AbH oA P AL OR (0 o RRR AR A AR e
B- f or m cr ystaali 3.53 ¢ dfomphdiobe daddiomgtydoogenfphosphete indissaipgbinwedcr to jpetain

25adsorption was reversible. In the. A-fqrmand E-for rystals, £there was
observed no Idﬁ§69fp°'91%ﬁ9no1‘bflhﬁétvé’?‘?m? 9f@5§88€%}5\;@§e{1 @Qtﬁehiv rogt“(ag‘ﬂ of

wat er A- LB mtg%{@{@ dogssuteban that on E-formcrystal. The result is
shown % FI é 7.39{006 Tez’t Exalrlrpl e 4 30The solubility and the specific

surface area of taheordingde the JBpinssaPhamaoonacimiaftqeniioeditien, gisselutontesiConpound

(1) were exapi ned 9 Soluhility sure it ) 6.8
(3.40 g of Eg‘oa%fgﬂa aidwal,lﬁﬁggﬁe%%@%ﬁgp@%ﬁﬁ%&@@%g@?ﬁ%ﬁ% ’ﬁ’%g‘@di sodi um
hydr ogen phagphat &ainplifls 56t d5] 30, 6akeHh, faddlelbaiional shéddet 0bppmdatii i on. The
1 volume of the solutionis mxed with the 1 volune of water 5to obtain
JP2, pH 6. 8.tymp@aturd: diites according to the Japanese Pharmacopoei a

fifteeﬂih e 'ti.%g,wgi ssolution test (Protocol of the dissolution test;
sanpl e AmountP®* G SH%4%%¥ sol ution: JP2, pH 6.8, 500 L, sanpling point:

S, _ 15, 30, GRieakemPRABhEitioASR adipliorReHIianikO07 1KY Mdsdrptidn equilibrium
| time: 300 seconds
[Measured value unit] square meter/gram
The measurement was performed by the BET method using the nitrogen
15 adsorption in liquid nitrogen after a pre-treatment in refluxed liquid nitrogen. The

result is shown in Table 3.

[0061]
[Table 3]
A-form B-form E-form F-form
crystal crystal crystal crystal
Solubility 36% 27% 23% 30%
Specific surface area 0.7 0.3 0.3 -

(“-” in Table 3 means “unmeasured”.)
20 [0062]

Every cryst'al form was soluble in the JP2 solution. Particularly, the A-form
crystal had high solubility. In addition, the A-form crystal also exhibited a high value
of the specific surface area.

It is surprising that the A-form crystal has excellent stability and high

25 solubility. In addition, it can be said that the A-form crystal possesses excellent
characteristic as a drug.
[0063]
Test Example 5
The A-form and B-form crystals of Compound (1) were subjected to the high~

30 temperature XRD measurement.



tenperature: 37C) 10Specific surface area [ Measurenent conditions]

adsorption tenperature: 77K, adsorption equilibriumtinme: 300 seconds
[ Measured val ue unit] square neter/gram The neasurenent was
performed by the BET nethod using the nizprogen 15adsorption in liquid

nitrogen after a pre-treatnment in refluxed |iquid pitrogen. Tlh@Og sult is
shown in Tabl e 3As[sbosnjin Fitan} and3qlG. éoqhelﬁiqutq%sesﬁ@gm Flﬁ?g‘gﬁflfl%c a(ﬁgh
A-fornmB-fornE-forpF-form.crystal crystal grys r . -7 00 30
0,70 30,3 (repovides pamy et of Ak B SR T YRRl BBt
crystal for g].\l%ﬁdiﬁ&lc £ loP 8-tk BRer§ b tHagtibul P8y, tHeCAHfam yrystaheasA- f or m

[ sol u

crystal had Il1ty. In addition, the A-formcrystal also exhibited
a hi gh val ueondiddrbtospdiiif satisfuotorneabilifveds a dregi s surprising that the A-form
crystal_ has excellent stability and high 25solubility. In addition, it can
be sai  that the A-formcrystal possesses excellent characteristic as a

drug. [0063NDUSTRIAL APPLICABILITY

[0064]
According to the present invention, there can be provided a method capable of

producing a chemically stable compound having the same quality and the same crystal

10 form as those of 3R, 4S)-7-hydroxymethyl-2,2,9-trimethyl—4~(phenethylamin0)~3,4-
dihydro-2H-pyrano[2,3-g]quinolin-3-ol useful as a drug, and novel crystal forms
thereof.



Test Exanple 5 The A-formand B-formcrystals of Conpound (1) were
subjected to the high- 30tenperature XRD neasurenent. 20 As shown in
FIG 8 and FIG 9, there was observed nq change until 100C in the powder
X-ray diffractogramof the A—formcryst%1 and until 60C in the powder X-ray
diffractogramof the B-formcrystal. Particularly, the A-formcrystal was
considered to exhibit satisfactory stabi Ih&/] as a drug. 5 I NDUSTRI AL

APPLI CABI LI TY [ 0064] According to the present invention, there can be

provi ded a net hod capabl e of producing a chenmically stabl e conpound havi ng
t he same quadl. AnyA-domh tiystabafiBRe 4§57 diydioafmetiy b2, 2t higkectofl-4-3R,

alIS%ygrgyglr_fxyrret g’[)'%m@ é’éﬁt‘{\%‘fﬁﬂ%}%a{(@gﬁuﬁt % lgr[é'oq)()fﬁgﬂ%mﬁg)l\):el crystal

forms thereof 21 CLAIMS 1. An A—formcrystal of (3R
4S) - 7- hydr oxymet hy1- 2, 2, 9- tI’IW-

(phenet hyl am no) - 3, 4- d| ydr o- 2H pyianol 2, 3 gl quinolin-3-0ol of Formula (1):
HNP - OH (1) HO '\P (1)

= 0

having characteristic peaks at diffraction angles (20) of 5.6, 8.2, 12.0, 14.7, 16.6, 16.9,
17.9, 18.4,22.5, 24.5, 27.6 in a powder X-ray diffractogram of the crystal.

2. A production method of an A-form crystal of (3R, 48)-7-hydroxymethyl-2,2,9-
10 trimethyl-4-(phenethylamino)-3,4-dihydro-2H-pyrano[2,3-g]quinolin-3-ol,
characterized by comprising crystallizing the compound of Formula (1) in an ester

solvent.

3. A production method of an A-form crystal of (3R, 48)-7-hydroxymethyl-2,2.9-
15 trimethyl-4-(phenethylamino)-3,4-dihydro-2H-pyrano[2,3 -glquinolin-3-ol,
characterized by comprising crystallizing the compound of Formula (1) in an aliphatic

hydrocarbon solvent.

4. A production method of an A-form crystal of (3R, 48)-7-hydroxymethyl-2,2,9-
20 trimethyl-4-(phenethylamino)-3 ,4-dihydro-2H-pyrano[2,3-gjquinolin-3-ol,
characterized by comprising crystallizing the compound of Formula (1) ina nitrile

solvent.

5. A production method of an A-form crystal of (3R, 48)-7-hydroxymethyl-2,2,9-
25 trimethyl-4-(phenethylamino)-3,4-dihydro-2H-pyranof2,3-gjquinolin-3-ol,
characterized by comprising crystallizing the compound of Formula (1) in an aromatic

hydrocarbon solvent.

6. A production method of an A-form crystal of (3R, 48)-7-hydroxymethyl-2,2,9-
30 trimethyl-4-(phenethylamino)-3,4-dihydro-2H-pyrano[2,3-g]quinolin-3 -ol,



havi ng characteristic peaks at diffraction angles (20) of 5.6, 8.2, 12.0,
14.7, 16.6, 16.9, 17.9, 18.4, 22.5, 24.5, 27.6 in a powder X-ray

di ffract ogram of the crystal. 2. A production nethod of an A-form
crystal of (3R 4S)-7-hydroxynethyl-2, 2, %

10t ri met hy1l- 4- (phenet hyl am no) - 3, 4-di hydr o- 2H- pyr.a 2, 3- ui nol i n-3-ol,
char act er i zshatagtetiaedopy eqmpyising ey stpilizgibe %%%P‘E%lﬁﬁggf[ﬂﬁn‘gﬁ%g?ﬁﬂﬂegmﬁ 1) in an
ester solvent, 3. A production nmethod of an A-formcrystal of (3R,

45) - 7- hydr oX9PEPhy 1- 2, 2, o-

15tri met hyl- 4- (phenet hyl am no) - 3, 4- di hydr o- 2H- pyr ano[ 2, 3- dqui nol i n- 3-ol ,

characterized by conprising crystallizing th onpou of Fornmula (1) in an
al i phatic hﬁdﬁoéépﬁ'@ﬁfﬁ@i ERR, 43)-%YSF%&@EHY@%%HB%%#%n A-form cryst al
of (3R 4S)- B9V 9H- 2,3-g]quinolin-3-ol of Formula (1)

20t ri rrest hyl(ﬁﬁ%ﬁ{gﬁﬁ%ﬁﬁﬁ gﬁﬁ%&% 4- Hjlfrﬁ%[r 6-%]&!- pyr ano[ 2, 3- dqui I’(IO)| in-3-ol,
characterized by conprising crystal H)‘IZi ng the conpound of Forrmula (1) in a
nitrile solvent. 5. A productmr@ﬁ\n'é od of an A-formcrystal of (3R,

4S) - 7- hydr oxymet hy1-2, 24 9- A~ _sOH

25t ri net hy1- 4- ( phiet 11 ) - 3[ 4- di blXdr o- 2H pyr ano[ 2, 3- dqui nol i n- 3- ol ,
characterized by conprist % I I'izing the compound of Formula (1) in an
aromati ¢ hydrocarbon sol vent. 6. A production nethod of an A-form

crystal of (3R 4S)-7-hydroxynethyl-2, 2, 9-

30t ri met hy1-fhy aRichyisahan) aBdidfratitloy dngle2 20 wf 44082, B2.§] Ifih6,1811, 30.3; ol ,

22 characterized by conprising crystallizing tthg corrpaf)und of Forrmula (1) in
a ketone sol22ht24.8726 A iBanemidreKyay diffiggtograp of the crystal.

4S) - 7- hydr oxynet hy1-2, 2, 9-tri net hyl- 4- :

5( phenet hyl am no) - 3, 4- di hydr o- 2H pyr ano[ 2, 3-dqui nol i n-3-0l of Fornula (1):
havi ngi@har o8: /a1 Egbint ciyeakst @R, dBJ-Tydtixymethyl2@s9-(ri0gthylt4-6. 4, 8.7, 12.8,
7.5, 19. i’0éﬁ@é&@%&%@-ﬁ%&b&&%ﬁ%—%ﬁqﬁﬁoﬁ?ﬁyl'(gj]eq%in%ligl—%xold(l)ff Fforrr%%fao(%:am of the

crystal .
4S) - 7- hydr oxynet hy1-2, 2, 9-tri net hy1l- ﬁ

| 9
Ho” N (1)
x o

having characteristic peaks at diffraction angles (26) of 9.1, 12.8, 13.1, 14.6, 15.2,
16.4,22.1, 23.6, 24.8 in a powder X-ray diffractogram of the crystal.
15
9. An F-form crystal of (3R, 4S)-7-hydroxymethyl-2,2,9-trimethyl-4-
(phenethylamino)-3,4-dihydro-2H-pyrano{2,3-g]quinolin-3-ol of Formula (1):
| HNNPh
N ~_sOH

n

N\

HO
O

having characteristic peaks at diffraction angles (20) of 6.8, 11.7, 13.7, 16.8, 18.0,
20 19.3, 20.4, 20.8, 24.6, 25.6 in a powder X-ray diffractogram of the crystal.

10. A G-form crystal of (3R, 4S)-7-hydroxymethyl-2,2,9-trimethyl-4-
(phenethylamino)-3,4-dihydro-2H-pyrano[2,3-g]quinolin-3-ol of Formula (1):



(phenet hyl am no) - 3, 4- di hydr o- 2H- pyrano[ 2, 3-dqui nol i n-3-01 of Formula (1):
HN OH HO(1) having characteristic peaks at diffraction angles (20) of 9.1,
12.8, 13.1, 14.6, 15.2, 16.4, 22.1, 23.6, 24.8 in a powder X-ray

di ffractogramof the crystal. 15 9. An“-formcrystal of (3R

4S) - 7- hydr oxynmet hy1-2, 2, 9-tri nmet hyl- 4-

(phenet hyl am no) - 3, 4- di hydr o- 2Hpyr@no[ 2, 3-g] qui nol i n-3-ol of Formula (1):
HNP HOOH( 1) havi ng chdfctéristic peaks at diffraction angles (20)
of 6.8, 11.7, 13.7 .2 0@9.8, 20.4, 20.8, 24.6, 25.6 in a powder
X-ray diffractogﬁ§h1o : i@. AG formcrystal of (3R

4S) - 7- hydr oxynet hy1- 22 ] .
(phenet hyl am no) - 3, 4- di hydr o- 2H pyrano[ 2, 3-g] qui nol i n-3-0l of Forrmula (1):
havi ng characteristic peaks at diffraction angles %?0 of 6.7, 11.6, 11.9,
13. 6, 16.6, hivingchd@clristiopenks agliffaction angle(28) pib. U()a@sdér% X3 a}0-6,

diffract oo am. ol e LUFo STEE 1 Bk Apobdb Pk B bl §Re crysta.
(phenet hyl am no) - 3, 4- di hydr o- 211- pyr ano[ 2, 3-dqui nol i n-3-0ol of Forrmula (1):

FiNPh OH (1) having characteristic peaks at diffraction angles (20) of
6.0, 1634, 17.0pHGrm crygabof (38, 45)-Phydroxpmedyl-A29-worirl-4x- r ay

di ffractogr %gllxé%llcetﬁy?aer}ni%yiﬁ-atiihyd]rg-ZH-pyrano[2,3-g]quinolin—3-ol of Formula (1):

Ph
_ HNN
N s

N

HO

(D

O

having characteristic peaks at diffraction angles (20) of 6.0, 16.4, 17.0, 19.2, 19.8,
20.3, 21.0, 22.8 in a powder X-ray diffractogram of the crystal.

10
12. A production method of a B-form crystal of (3R, 48)-7-hydroxymethyl-2,2,9-

trimethyl-4-(phenethylamino)-3,4-dihydro-2H-pyrano|2,3-g]quinolin-3 -ol,
characterized by comprising crystallizing the compound of Formula (1) from a water-
containing organic solvent.

15
13. A production method of an E-form crystal of (3R, 45)-7-hydroxymethyl-2,2,9-

trimethyl-4-(phenethylamino)-3,4-dihydro-2H-pyrano[2,3-g]quinolin-3-ol,
characterized by comprising: heating and dissolving the compound of Formula (1) in
an acetate ester solvent or a ketone solvent; and performing one shot addition of an

20 aliphatic hydrocarbon solvent and crash cooling.

14. A production method of an F-form crystal of (3R, 48)-7-hydroxymethyl-2,2,9-

trimethyl-4-(phenethylamino)-3,4-dihydro-2H-pyrano[2,3-g}quinolin-3 -ol,

characterized by comprising crystallizing the compound of Formula (1) from ethanol.
25

15. A production method of a G-form crystal of (3R, 48)-7-hydroxymethyl-2,2,9-

trimethyl-4-(phenethylamino)-3,4-dihydro-2H-pyrano[2,3-g]quinolin-3-ol,



12. A production nmethod of a B-formcrystal of (3R

4S) - 7- hydr oxynet hyl- 2, 2, 9-

trimethyl-4-(phenethyl am no) - 3, 4-di hydr % 2H pyrano[ 2, 3-dqui nol i n- 3- ol ,
characterized by conprising crystalli zi é t he conpound of Fornula (1) from
a water-containing organic solvent. .15 13. A proeductio t-hod,of an

E- f or m cr ys Charagerizodby cpaynrising Ay SalAe e PZ’[E@S of Formula (15 o 2-

trimethyl- 4 gdi%ﬁ&-et hyl am no) - 3, 4- di hydr o- 2H pyr ano[ 2, 3- g] qui nol i n- 3-o0l,
characteri z& y conprising: heating and di ssol ving the conmpound of Formula
(1) in an acetate ester solvent or a ketone solvent; and perform ng one

shot additi f ap 20aliphati rocar hon vent r C ing. 14.
A product i oﬁgngtﬂ‘i%gwgfm W%E%f‘bfcr%qﬁ% %{Vgglfoﬁgg, @s@'@ﬂﬁg r%%}%?’?y 1-2, 2, 9-
trimethyl- 41&@9@5}?&%@1@1@@3@%@}%,dtdamd:r@aﬂh%ﬁm@mgEéqﬁndmusm,l in-3-ol,
characterized by conprising crystallizing the conpound of Formula (1) from
et hanol . 25 chaactetizaddest eompprisings eatngng sisselvingythe spmpoydfdiREniddbdind of
Formula (1) frgm 2-. pro o] i rystal
of (3R 45) 53¢ aP%x%&%ﬁg&r@?@_é%e%ﬁgtdiﬂﬁﬁloﬂ%f@&gﬁ&aﬁé afcriEH Qolth§.
5trinmet hyl-4-(phenet hyl am no) - 3, 4-di hydr o- 2H- pyr ano[ 2, 3-dqui nol i n- 3-ol ,
characterized by conprising: heating and di ssolving the conpound of Fornula
(1) in an ether solvent; and perform ng one shot addition of cycl ohexane
and crash cool i ng.



