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Figure 1-2 Solubility curves for a system with two polymorphic forms: (a) Enantiotropic

systems, (b) Monotropic systems
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Figure 1-4 Concentration profile of crystallization: (a) One crystal form, (b) In the presence

of polymorphs
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2E MK ENME 2 BB & Uiz CS-023 DLEHIE

21 =S

CS-023 (XD T NN A RPUEWE & AR THERNTORBIIRE WD, Fi#o
TR EDRERIAEEE LTHLETH L, 19 HTHERZL I B-T 7 X AT 4
BEROOTHEIEIC LV MKGE LTV, ZODFHEBREIZTEL 7 7 ALV b
fim T D ZENEE LYY, CS-023 [TKEMEZ =D L0 FixatAshTEB Y KIZHE
i Lo < AR AT IV, 272, CS-023 ORIE TIIKE & TLIERD D
DT AIRE SN DM, TOWMBTHMT 28NN D, Lo T, itz L
TCBUETTEORBENLEEND,

ARETIE, 7 CS-023 DK & OWHGHT 24TV ZE 72K O T %

AT, T LT, REEERF OISR 2 03 2 B 7 72 A T A DWW TGS LTz,

2.2 EBRIGIA

221 fHTHERR

KR HIZ 1T 5 CS-023 DR AEEHTIZLL T D J7ETIT 72, CS-02310g % 50mL D
AKIZHNZ, 70 °CITHIEN L CoRBICIRM LT, WfR%E, 02 um AT L7 gV H—%
HAWTAB LT, WKIZ~ 72 F v 7 AX—F—EHOTHRIE LR D, WEfEkER%.
EHIZ25°CETHH LT, CS-023 DAR~DEREEEIX, 25°CT 25.9 g/L, 70 °CC 280.1
g/L TH V. FIHhEEFI S (C/Cs: C I CS-023 DEE, Cs ITIARMRE) 132 7.7 TH 5,
15 RERIRGRE, SO E o7, 6.5 FEFRGEZICH M A 02 um X T L
T4 H—TAHi L, MERLEREICC 25 °C, 7] 1.2 kPa CTHAME L 7=,

BB OfERALTEE LT, =& ) — L A2BIREE L LIRS 217- 72, 1R

JEIE 25 °C—7E TITo 72, 10 gD CS-023 Z /K 400 mL (IZIAfR L, =% /—/L 1600 mL %
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TR P AN 2 72, CS-023 1% 25 °CTOKIZHT DIEME RN &b, 10g D
CS-023 ZIpfiE+ 21 DITITREDKPLETH D, Ll CS-023 D 80 vv%h=™ X/
—/L D 25 CCOWEMRIEIL, 0.277 gL & S IRV, L7eh3 > T, KIZ CS-023 A ¥
L. =% —N%&IZ 80 vv%e DAL E T2 Z LIk 5T, S=18.1 &9 K& ZefIii
fafntb 2 525 Z ERAEETH Y . REOHKEE +oICETHZENTEDH, =4
J—=IVEMZDE, BEOHICHmMAHBE L2, 15 5R%ICHmE A mL, =% /) —)b

THEE L, 25°C, 6.2 kPa Tl L 7=,

222 BALFHERE (ted) OWIE

& DI % 5 2 T B O 3B S D £ TORFM 2 B2 LE IR & E R
L. B & AW oA L ER B R [ 2 R AT & BEBERATIC DWW R E L7z, A Uil
fFNLE & 72 D S CEBREITV, ABAfkicx L CRI UERZ 3 Bl iR L, #
{LRBEREE 3 B OERE L LT,

BALRH BRI 2 E 3 2 72 DI L7228 X % Figure 2-1 12" Lic, ~LF=FE+
Z VTR OIRLEE A+0.1 CCORMIPAN THIEI L. WEE 48 e AIC]ET 5 2 & AV ATae
Thd, 2mL A7 A B/VTKEERR LIc—E&O CS-023 ffifha AL, Kezxi, &
%1% ¢ 3 mm & & 6 mm @ PTFE 82 W TR L7z, A7 U —% 80 °CE Tk
(AR L . 90 BORHIORFF L ThEAR 2 TRIR LTz, £ Dk, iR %z 25°CE TRMICmAI LT,
IR & MENZEET DHERIE, ZNE 90 & 120 TH -7z, BB TIZ25CT
TH )= )VERM LT, 7YX VRS (OPTEXFA) IC3E L7 7 A \—T m—>7
ZRAWT, &l L7 OREALEEE LTiesk L, MHBFRIIR LV~ Y iR %
AT 1 um Ki+-CHEEE 0.1 ppm ToH > 7=, Figure 2-2 [ ZEABESLHT I O Y DR E 2L %
ALTWD, CS-023 KIFHKRIZ=Z ) —vEMzxbE, =8 ) —LAnbxTH ) —)LIKD

BREMTIDHZ & T, =& 7 —VICEMRL TWeRR (2EX) B Ens o, —
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P AR I R IC B R IR T3 5, =& ) — /LR ~DOKUROEEMEE L, KD 22 %
(25°C) @V, ZTDI=s, BEEERITREO AL ERIL, FOMENRAMMITIET L
THb, KOBEMET T 5 ETORM L ER LTz, KOREIME T 5 FE TORFR
X, BEARRBTMY LA 3BT Lz, —Jh., GHETTIE, BEZ TR
Tz BEALTEE OB ML, WIRIREE A 25 °CICHE L7z & Lz, CS-023 1
80 CCTIAMESN D, ZOBIEIZL Y, CS-023 b DREE R S D FREENR S 5,

Ll B E AN ES DI 210 BT, $72 80 °CTHREF L7ZHHIX 90 B TH

0. CS-023 DAYfRITEHR TXx 5 L LT,

I_—_ r Thermometer

Ethanol == p=n

Photodetector Light 632 nm

Stirrer

Figure 2-1 Apparatus for measuring the induction time

15 1 1 1 0.1
> _
210 B
g =
k= 5 s
z 2
—

0
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Figure 2-2 Light intensity change to determine induction period (#nq) in the anti-solvent

crystallization
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2.2.3  CS-023 DIRIRE L OEIR D22 ek EER

WP B L OEEREBEOZEMHIZLL T O L 5 ITHIE Lz, KBEKRFT TO CS-023 D%
EPETIZ, 1 g? CS-023 Z7K 40 mLIZEfEL, 02 yum AT L7 4 W —ZHNT
A LTz, ZOWEE 2 mL TORBEICHEL, v~/ FF v I AL —F—THEH LN
HATEREDOKIBHF CTA o F =Lz, —EMKBT20uL 297V 7L,
HPLC % A\ T CS-023 DIREZ 53T LT,

FEACIREED CS-023 OREMERBRIL. KR OEZBET 5 7o OITHE SR O T2 & i
X CHEM LT, RirBEhizx 5729, X2 = v k I/ Nano Jet Pal JN 20 (JOKOH)
TAZ Y =%, A%, BRLEZbOERRIEE Lz, SRICHOWTIE, B
s ORIC L v, 221 ISR L2 HIEEZBRA L, BiShibirorA4 X
X, L=V —E/BEL D HTERE LA 960 (ESERAERT) 2 AW CTRIE L, “EAR %
6.2 um ORI+ % VT, BEAEERED CS-023 DZEMEAZE Lz, EiE 1 gZ2ZEDRWn
AT AN, MR ATRE R IR E 1T 40 CTHE L7z, Tk, FEREE %
FRIFAYIZ 50 mg V> 7Y 7 L, K 50 mLIZ¥EEA L, HPLC % AT CS-023 DL %
ST LT,

224  EHT

I E TN DR EIL, BT o3k %2 AW CHIE L7-, EXSTAR TG/DTA7200 (H
SINAT 7 )Y —R) EHWTREERTE (TG) IZK 28 T-72, & kF (20
~30 mg) ZBAKDOT /L IFNTEZ | 100 mL/min OZEFEEREL T 10 °C/min D
FET25CHH 180 °CE TMEAL . EHEWD 2 ]E LT,

BV B RO 4T P B LT E & R o BRIE A W CRE L7z, CS-023 @
KT OB 2 ZCHLREE S $RE LT 5 °C/min OB THIEA L, 100, 120, 150 °CiZ

BE%Y 7Y 7 Lz, GBoNEREZ, 13- AF )24 I X D) IR E
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ST, ~y RAN—2H 27T —G1880 (Agilent Technologies) # iz 7= H A7 m—~
~27Z 7 (GC) 6890N (Agilent Technologies) % Ty ZIRE Lc, KIZOWTIE,
GC TR NN, I—/VT 1 v v —K53EF MKA-610 (R#fE 1) ZHWT

HIE LT,

FEmZEOSITIE, MR X #EHT (XRD) 2E#E 2 AW TITo 7o, IR &0 2 Rl
FHE72 AT — V% 25 Bruker D8 Advance (Bruker AXS) # AV, 40 kV., 40 mA T
CuKo it (1.5418 A) ZHWWTHIE Lz, B/ SZ —0%, EHTA 2053205 42°
DOMIT, F3fREE 0.02 ° A7 v 7 Titgk L7z, F—284y F 27— DHS900 (Anton
Paar) ZHUO T CERERBE F CIRELZ L X WEEITo7z, WE=a L b —Lid

SRG-1R (##%¢) Z# T, 25°CTIRE 22 2 7= XRD € %17 > 7=,

226 MERAT—PREICBMEEIC L 2815

INEN R F 72 1 H P O L O I ELER LB EBREE A LIS O MR O 2 TRBIZRIX, L
To¥EE N TITo 7, MEFRFREATRE/RINEAR 7 — U % i 2 7o RCHEMEE & L T,
BX51 (AU v r8z) WV, MEAAT—1% 10002L (Linkam) % 7o, sEHE 2
IZ7 B A=a)L T, /4 ERKEZER Tz, EHREE T T 25 ChH 180 TET,
10 °C/min OHEETHIEAL . 180 CIZEZHEH%, 10 C/min DEET25 CETmAIL, £

D%, MAEIX SRG-1R (#f%) & FHWTHilfE L 7=,

227 KBILOTHZ ) — /)L OREFIRROMNE
ol oKkE X ) — VO WEFRMIT. DVS Advantage-1 (Surface

Measurement Systems) #ffi ] L C, FHXHZEE 0 %RH 7> 5 95 %RH OHiPH % 5%k THl
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E LT, TNENOIEIZBNT, HEAEN 5 5T 0.001%AK & 72 - 72 & & iy

THD LA LT,
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23 fEREBLE

231 WA X VIO NT-ZIE & £ OEFRERE 28

R F IR OB R IT AR N G EN TR WZ ERNEETH D, ZDOH, K
TR & D HEGAT 2 A3k 7=, Figure 2-3 [ZHAHTIC L W 557 CS-023 #E
BT, K 80%DRE A ERE L, K& 13K 30 um Th o172, Figure 2-4 13, WEIE
Prick > THELNLED TG MEDR RZ R L TWD, WA TH LN/ O
TG WE T, 13.0%DHEERDZ/R LTz, W=7 4 v v —IKGRHTHR B ITZKS
HIZ—HLTERY, CS-02310FH72D 430 FHUATHDLZ ERbhroTz,

ZORERING | RS 4K TH D Z ENRES L, ZOR % FormH (CS-023-
4H,0) L4 L7z, Figure 2-5 FB%C Form H DEHfr 3% — 2 ZoR Lz, KOSBiEE L 72
[ERDFFEZ TR D 72012, Form H ZZ=HFEEEE T C 120 CCE TMEAL =%, mAIL
XRD HIiE#4T > 7=, T OEKRIE, Figure 2-5 LRI HEREMEDEFTF — L 720 |
Z D% JE% Form H-1 (CS-023-K¥) LA fF1T72, TGHRIE TIX, 50 °C & HE &
ZIGOTND Z e h, FHRMBEIZIS CTKROBBES FRREIND, £ 2T, WESR

MAIET D &I, Fra RIBERRE N T XRDHIEZTT -7,

Figure 2-3 Optical micrograph of crystals obtained by cooling crystallization from the

aqueous solution
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Figure 2-4 Thermogravimetric (TG) diagrams of crystals obtained from an aqueous solution
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Figure 2-5 The XRD patterns of amorphous CS-023 and two types of polymorphs
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9. Form H % 25 C®D 90 %RH BREEIZE &, £ DOMEN DR 4 ITHE 2 T T

0 %RH & L. FHOYR~%IZ 90 %RH BREZIC LB EBZE(L T 5 WaE%ER % Figure
-6 [T Lo, FEHR & RRRRITA SRS 1269~ 5 e aL & il L I AR LT\ D
Form H Z Ik 2 KDOBBEE 2 BRFE TR Z 2 2 &3> 72, 90 %RH 7» 5
20 %RH TlE, FENT 1.0 FEARN DO KDRA L, 20 %RH 25 0 %RH T, 13.3 wt%
DARPBBEL 72, 133 wt%l3 4 FEOKDFITHET 5, RIT, 0 %RH 7 & FHRHEE
Z BT & 2 BEOKDOBRINA R BTz, 40 %RH TlX, 3.8 FEEO KIS FITHY
T 25 128 wt% DK ZRIL L, ZDH, 90 %RH F THIAREIZIL U TK 1.0 F&ORHES
TR DRI AT B LTz,

WAT, RO B CHREBREIE AL E U TV D DO ERERT D120, kEx 7248
X IZ31F % XRD ZlE L7z, Form H % 25 “CP 80 %RH EREZIZE X, Z D)
DIRZIZIEZ T TO0%RH & L, FFORAIZ 80 %RH £ T A LiF72 & & D XRD
BI85 — > Figure 2-7 1278 LT, WEZ NPTV <IEBFED 80 %RH & 30 %RH D dh
DEFr/XZ —AFF L TH Y, FormH Tho7z, > T, Figure 2-6 DR TR X
72 30 %RH £ TOKSEOZE(IT, Form H OREEEICHEEL 52 TRy, S5
IZWEEZ NPT 0 %RH & 9% & Form H-1 [ZHERE LTz, L7223 7T 20 %RH 75
0 %Rh £ CTOEER/IE Form H 75 Form H-1 ~D#sE a2 /R LTz B HND,
Z LT, MR E 2R % 12 P TS &0 30 %RH £ Tl Form H-1 TH > 7223,
50 %RH & 80 %RH TiZ Form H IZHaf L T 2, Ko T, KOWAESRMR & XRD HIE
FERDD Form HIZ 4K CToH Y . ZH KV EBFIZ2KORINIL, WEKTHD LEX
b o,
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Figure 2-6 Desorption isotherm of water for Form H (solid curve) and absorption isotherm of

water for Form H-1 (dotted curve)
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Figure 2-7 Reversible transition between Form H and Form H-1 shown in XRD patterns.
XRD patterns: (the bottom) the original Form H, (the third from the bottom) Form
H-1 at 0 %RH, and (the top) the restored Form H
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WIZ, B EIE X ONEEEFHHEIZ K 5 Form H 38 X OV H-1 O R/ 2 b 2 ME A 7
— Ut & ORICIAMEEIC CTHIZ L=, Figure 2-8(a)lL 25 C. 50 %RH T® Form H DA
WMEEEHETH D, EBHREMK T T 170 ‘CITNEAT 5 & Form H-1 85 55723, Figure
-8R LT Y — 7 VTR EINTEFERm D L D IR OB AT, D,
EHRFPAK T T25 ClITmAILEDN, REAITHFCOEELDLRN-T, TRbbH,
WAL THEEN 72 o 7=, FHXHEE % 80 %RH & 35 & Figure 2-8(c)IZ7~ L 7= Form H
DIFHIL, WIEEIEHEN ST L FEOEAIZRE 572, FormH & Form H-1 ORI X A
WTHDHZENFRRBINZ, BRPELL TV RN LG, FHEBTHL L
o Tz, WIT, Figure 2-8(c)DIRFEN HIRE A EIF 3712 0 %RH & L7z & Z A Figure
2-8(b) LRI CIREEN R I NT-, & 51T, JBE% 80%RH &9 % & Figure2-8(c) & [F U
IREEANBIE SN, WCBEMEEOBILZICIB VT H, FormH-1 & Form H @ [ 0 [ AR
RIS U TR TH D Z E N FERTE T2,

Figure 2-8 The polarized microphotographs: (a) Form H, (b) 0 %RH at 170 °C, (c) 80 %RH
at 25 °C after (b)
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2.3.2 KIEEM OERSLFEIHKDOLIE L L CTO Form H @ CS-023 D22 EM:

EIAFEHEIE, AR R, BRI LU L CLE TRITUE, ERE RS
ELTHWDZERTE WY, £D7H, W, FfNT BT 7 ADJEREINER S
No, o, WEPTHERTLEEST T, ZETRTNITRENRNEICR D, 207
¥, CS-023 DKIRIEF TCOREME . 7E/NT 7 A Form H DR EREE L7- KK H
TOREMZHR~T,

FT. KEETIZEIT D CS-023 DREOREEEZIE LTz, YIREAEZT-L &
D CS-023 DIEFE DRI AV % Figure 2-9(a)lZ/x L7z, CS-023 230 fif L CTE DAY
KGR TR Y . Z07=, RIGEEIL CS-023 LKDBEIKFTHEEZEZ BN
5o LU, SHTICH A4 2 KOEIT CS-023 DEICETIEFICEZ Y, LEzn->T,
IKOPEE TR T E | CS-023 DR EIL, X (2-1) TRINDZ R TRELTE
D EARGE LTz,

ac

&= —kyC @2-1)

In< = —kt (2-2)
Co

I T, ClECS-023 DYRLEE, ColIWREE, ko ITHETER TH D, B ORENIL,
X (2-2) DX HiTEEND, Figure 2-9(b))> 5 CS-023 D4y sk FE 2N WIHE FE IR FE L C
WRNWZ ERDND, EDT2H CS-023 Do L, A (2-1) ISR T RIS TEED Z
EERTELTND, ENTNDOEMMOME M5 25 COKFUZINT D 53 ffl B EH kol
8.6x10°h ' THDHZ L b otz

T 228 2 7= JERS SR A Figure 2-9(e) 2R L7z, TN OIRE T OB &R HH
SINTeled, Tv=uRATay Ne{Tolz, ZOREFR% Figure 2-10 (2R, Z DM
O, G b= R L — LR FIXZE NI Ey = 64.5 Kl/mol, 4 =212 h! Lk b

7o ZHHNG . SREONEM 11,28 25°CTIL 80.6h, 70°CTIL2.97h LEHE SN,

28



FZAL 7 B R R E Wy O VARFE R TIE, 80 CT 90 FPMISRMARE L TN ey, il
0.6 %EHHEIN, IFFERLTEZTINENS ZEBbhotz, —F., TEMRGR
PrEICBWT, BT 572DIINB L, A0 TREZ A THEIRIT 217 2 56,
) 3 h D 2 EDBRE S AL, IREN TR D T E R Do T, CS-023 1TKEEHK T
TARELEETHY ., ZOX D REIROEITHITIE, CS-023 1335 L < T 5 rTREtED &
-7z,

WRIZ, CS-023 DT ENT 7 A RSO L EMZJE LTz, Hickey HiX, —EDIE
FETTOD B-7 7 X LRFEROIMAKGIRT, FEAENERORRTEID Z &2 RN
L7, 2072, FROLEMITRIF-ORER (T2 bR ITIKFET 5 alRetEn
bHEZEZLND, 22T, BT =y NIV TKRKERP THRL, BRI (A
TURE) D62+02um &Aool AE A - LT Ve LT, TEAT 7 A
& Form H{IZ-2UW T, 40 °CT 0 %RH & TN 75 %RH 235 1) 5 &M % Figure 2-11 [Z/R L
72, 0 %RHEEHE F Cid, Form H !X Form H-1 (Z#5f% LT\ %, Form H-11%, 0 %RH ®
BB T CITEMMLECTCH 7208, TENT 7 A% 0 %RH B FCTH oM LT,
HPLC 53H7 72 & E72 01X Figure 2-12 (278 L 7= CS-023 D (a) K53 fif{k & (b) &Ik T
Holzy 0%RH THTENT 7 ADNKGIER L SN2 L1d, #idh & FREDK
B TR DBREDN AR5 T, SREICRE LK R L CWe Z ERRK E# 2
55, 75 %RH IZBWTIE, 7TE/LT 7 A THESCHICHME S, 50 H TIERIET T
DR LT ER IR RARD 90%, 2 BiRY 10% Tdh-7-, —77. Form H

X, 100 H T 90%5%AF L., EIHRLEEDLEIZ/RD 25 EE 2 LT,
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Figure 2-9 Stability of CS-023 in aqueous solution and 80 v/v% ethanol solution: (a)
concentration profile at 40 °C, (b) dependence on initial concentration of CS-

023 at 40 °C, (c) dependence on temperature
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Figure 2-10 The Arrhenius plot of the decomposition rate of CS-023 in an aqueous solution
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Figure 2-11 Stability of solid CS-023 at 40 °C under humidity at 0 %RH (a), 75 %RH (b)
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(a)

(b)
2 H
N N.___NH,
H
HN

Figure 2-12 Chemical structure of the decomposition product of amorphous CS-023: (a) -

lactam hydrolyzate, (b) dimer, (c) ring-open alcoholysis product
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2.3.3 ABRIESIT TR LD ZE

Form HIFNIKSGFRIZH L CTENLT 7 ALV RETH-T2H, KICEM L 7= CS-023
SRR CEIANLETH o7, WAEHT TIZ. ®iRT CS-023 Z iR 2 TR
BENDTO, ZOWETHMLTLE>RNNH D, £Z T, Form H ZULHE L < [H
T 27z, BlofEd7 vt 2 & U CREBERET & it Uz, B,
Bt pZ L, FFMCRBEZHDL ZENTED LW SN INLTH D,

25 COKEBHIZ 80 VW% T X ) — VKK E IR D X Dl s /) — )V ERIL THEDL
Ni-fE OB/ % — % Figure 2-13(a)lZ/~d, thi#g: L. Form H, H-1 Zit# L
7zo Form H, H-1 &[AHfi/ " F =R RRDFEEPGE DN, ZORif%Z Form A &
i Lz, 40 CIZH T KB & 80 viveT & /) —/LHTD CS-023 D4y s 1L —
B ) =)V OGHREBIKF O RE D By (Figure 2-9(c)) o 1ETEIL= R F =R X

)= IVKBEEF THKRKEFR U THD EIRNET D &, 80%TZ J — LKA D EHL

200 —
~ 150 .
5 (@)
s L
>
‘% 100 | :
g (b)
Eo|
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O | ' | ' | '
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20 (deg)

Figure 2-13 The XRD patterns: (a) Form A, (b)Form H-1, (c)Form H
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kalZ, 25°CT28x102h" TH V. 80 vW%T X / — L/KIRHE T D CS-023 1%, 25 CTHX
RO L 2T EREETH D, DD 92% & 755 L0 CS-023 D B-TF 7 % A
BALD T L a— Loy TEH Y (Figure 2-12(c)) . £ DL 7.3%IX MK EY) Tdo - 7=,
ZDT=, CS-023 531D 80 vIV%TH J — )VIKIEHK & AV 7= i, CS-023 O ENE
DBRNDEELWAREMEN D D, —J7 . — AT R O F8 iRr  1 E fa fn s
B MBI ET, B RDZENMONT VWD, Lo T, M TRATNETT 5D
ThiuE, CS-023 3+ DT, MBEIZRORWATREMENH 5, 2.2.1 THERR7ZL 9|

BUVEBLEATIZRB T 2 @R 18.1 L R&ETHZENTE D, Fiffkizbdn

ST DFLNRFHINICIE T Lic, 072, fRIZE L CIEREIC 2 B o7z,

Figure 2-14 {ZfAFNEL A28 2 72t EIRAT & BRI T 1T & 2 B2 AL % 8y R o I 22 it R
R Lic, mAEHT X0 & BEEEST OALF BRI ENC &L banol, o T,
BT CIIBERGEE N E L . 2 < O/N S REROERBEIfFES D, LiL,

TRV AR L 0 b RE RV A ORGSR N FF DAV, Figure 2-15 1%, BEBESHT

X > THRLNIAERO N FEMBETE TH 5, Misn DT A XIS L O #H

10°

FormgA !
10° : - 2

L S N
1% 10 20 30

Supersaturation ratio (C/Cs) (-)

Figure 2-14 Induction period, #q, in cooling and anti-solvent crystallization at 25 °C
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Figure 2-15 Micrograph of Form A obtained by anti-solvent crystallization

JELBRL TV D, mARHTES & OB EREEEAT TR S 72fE RO IER (CS-023 DX
BAEGRDCE) 1 XIEEAER—T, ZZ4 85% (Gross 8.71 g Net 7.46 g) & 86%
(Gross 9.45 g Net 8.92 g) Th o7z, EILAGEENHWGA ., Kb EEITHEMT 5720,
BONDREROY A TS <225, W, BIEHGEE DS EVIGE 1T, g D
<185,

BYRBEREAT CIE@mVIBEEZ 525 Z LN TE B0, —fRINC, IR E 23
W, RPN SL B Z e PRSI, L, Figure 2-15 IR L7z X H 1T
HEHT CFF DAL/ Form H £ 0 K& 22 kb i A5G Sz, BALFEERRTHIE D O 5L
BANZHEALEIZRENS DO, B OEEITES , MOERRENETTEY,
T OBEHZHHAT LLEND D,

oA — R Tl B AGEE T (-3 TRIND L AR, LT,
J DI ERT 2 FAR2RH OfR L LTRIND Z LR D7D, — ki
ICEALFREREIIRXQ2-3) TR EIN D,

11

= (2-3)

J - NNV

T =

AT — B B 1L, BB DA R P 2 B RBLT D DI REBEINTE
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b THY, BAENRERIRESME T, — RS ER LD & BRI —KEETE
AEL D & TFRISDY,

BREEITICB VTS AR RERICIE O 72 61X, RERICREITE
TN RZIERN A U 5 o D[R OMEERICHED Z &1t/ d, ZoMmTIE, BE
&R OTFAORER & O AR O BITER SN TV, HTHT 5281 & RO
M, T OREIZ L > T, RWFERM LR TRBEDBIAISND Z LN IE S
LTINS, JLHIZZ VT LY COEITIZEB W T, ERENPRESEDLRVIKE
A B ) — VAR OHEFAICE D 59, K& 10 V%KD A X ) — v &K Tk
WRERZENFERIET DDITx L, 30 VW% E B2 D A X J — VKSR CIXLZE 2%
kit 2 @G L2, Z OBBRRHICEEZEN BN 28 HR & LT, WK
LoT, BT DS TFOar7x A—a U RNEL L, BB ORE %2 XRS5 DX
BHEEETHD LR LIz, ZhBSMCH . BPT O@HTICE W T, BEHHRIC L - T
ZIOHBLENED D Z L BHE SN TVDY, BERO#EMmICE W\ TRy 1 & WE
STOMAEERANREND Z L7, ZRHLOBREHIATLZ LI3EH L,

Xing (%, [F CiEfIFEE 2 W CTmAI EINEEZE D K L, SHTHTH £ CoOFFEKRH
ERELIEEZA, BMORLENEL 251 EFERFRINEL ol 2 e BHREL T
W59, ZDZ LI, BIEMOBICAE L DEBREEDTER E L I En T\ 5,

INHLDOZENG, BEEERITOBIBEER BN &3, RO XD ITHITE S
EEXT, WRMEEOBLENG, CS-023 KEKICTZ ) — V2 i LT 56
KHPTIEEISILD CS-023 3 F DAy T A= a R FRERDa L T XA— 3
YDA 80 vIV%T & — /LTI LT TR H 7208 R NT AL LR U]
REMEN D D, TORER., BAOBALHFERNIRE NS DD H LW ORIE RN 2
. RERKMOERESIEEZILTEEEZDBND,

RIZ, 80 vIV% T ) — L IKERIR D g HiT T B ALTZftdil D TG HIERS R % Figure 2-16
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Figure 2-16: Thermogravimetric (TG) diagrams of Form H (solid curve) and crystals

obtained from an 80% ethanol solution (dotted curve)
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Figure 2-17 Measurement of water and ethanol content during temperature elevation using

a shelf-type dryer
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DR OBIFR TR LTz, 2% L LT, Form H ® TG JIERE R ERTRL TN D, £
72, Figure 2-17 \ZHHRCIEHE CHIE Le N HREEE L, fRx RIBETH AV 7L, F
—VT 4y —KgEtE A NI T TICEVKEZS )=V ERIE LTRER
R LTz, 2B ORERNS | Form A 13 CS-023 1 53 +&720 253 1 DX ) —L kb
0.5 3 FOKEGUHEEFIfGR THY . T7bb, CS-023-52 =%/ —/L-1/2H,0 1

(CS-023+5/2EtOH: 1/2H,0) & [RE iz,

2.34  Form A 75 ® Form H ~ EAHEER

WHIEAT T3 Form HIXHEMLETH o7z, L L, IEELSEMRL LS £75
&R CEVIREICT 20 ER H Y | FEERE CIIMER VWA TENIER 7 —1
TIXRHIME L I H RN 2 7o, WIRP T 28ENH D, — 5T, AR
FAT CIE Form A MG o528, EHME LTHE LMW ¥ /) — L% &Te, FormA
IR BN, FERRE RN D, BT 522 &R TED, £ T,
Form A Z 2/ & LT, Form H #5795 5iEx2 5 272, Form A 725 Form H #1525 7
rERE LT, N RS L EERE B 2 5D, B EER ClX, Form A
TR R RIS L2 TR R B2 WATRENE R H 0 | T 28N d 5, £0
72, B A RA T, EMEBICL Y =% ) — L E BT 5 5k E LR, nEl
T5, BERERT 5, KAKREIZT S, RENEZALND,

FP. WERET D2 L EB X, WERRT AL, W OoSEICEY . Eo
KBRS ENETRTONEMD ZENEETH D, DT, Form A Ot & I
[ZOWT, =& ) —/VOMMARIEICH T 2 EEL(bZHE L, Pe X /) —/LD
ARRUE, P =& /) — VEMARIEL T HE, =% 7 — VO EKIEDE S
IX. %Pp/Pr TEIND, BIEEMHTICT Form A Z B L=, WaESRARE ELE &

IZFHE L. 90 %Pgp/Pro DEREE CHEZLN/RL D E T L=, T D%, 90 %Pg/Pro
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Mass change (%)

Partial pressure (%Pg/Pg,)

Figure 2-18 Desorption isotherm of ethanol for Form A (solid curve) and absorption isotherm

of ethanol for Form A-1 (dotted curve)

25 0 %Pe/Peo MR & IZTF 7 — VRKEE N 7o, Bt E &2 L4 Figure 2-18 D3
FBRCR LTz, WRIT, 0 %Pe/Peo IZ78 o724, FFOY 90% Pe/Pro 1250 EE B 72, WO HE
B2t % Figure 2-18 DAHR TR L72, 90 %Pg/Pro 75 40 %Pg/Pro F TR FEEE D
f. 25F&OTF ) —/)VOEEITEMD 2, 20 %Pe/Peo (2T T20FEFEOT S ) —
JVISBE L T2, Z DT, 0 %Pe/Pr £ CEEZ(D R o7z, RIS, 0 %Pe/Pro 7> & FHXE
RETEEEL LIz, 0 %Pe/Pro 705 30 %Py/Pro D NTEEZ(L23 72 < 30 %Pe/Pro 105
50 %Pg/Pro DT O0HFEDO T X J — /LRI X7z,

20 B0 ) —VBBEL T2 AR~ 272912, XRDMIEZEIT- 72, £ OET
/N — % Figure 2-19(b)IZ7~" L7z, Form A (Figure 2-19(a)) & $72 5B/ — %
RLTEY, Hilc/eZB L LT Form A-1 L4, L7z, Form A-1 1% 50 %Pg/Pg LA T
Form A L [R Ui/ "2 — RS Z & g Lz, £ LT, Form A-1 DKy &=
J—=NERPE Lc, Kbz ) —id, ZREN 142 wi%, 442 wi% B £ TN D

ZENRDNY . THEN 052 FE, 054 FRIIHY Lz, £DD, CS-023-12 =4
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Figure 2-19 X-ray diffraction (XRD) patterns of polymorphs appearing during the transition
of Form A to Form H: (a) Form A, at the start of standing in an 80% EtOH
partial pressure environment, (b) Form A-1, standing at a partial pressure of 0%
RH, (¢) Form A-2, at 170 °C, (d) Form A-2, at 25 °C, (e) Form B, standing at
70% RH, (f) Form H, standing at 90% RH, (g) Form H, as a reference

J =L 1/2 /KF (CS-023-1/2EtOH* 1/2H,0) L [EE L7z, £ D%, ZEFRIZE Y Form
A-1 DHLIRZAG T To . AL R G oTz,

WIZ, B OEERERMD L TWEZ e Bbholzlzd, MAT 2 LickoTx
&) —NEBBESE D HEEZ 2T, £ LT, MO b Z Bl & — o CTiefll &
s L7z, Form A % 170 °CIZHNZEAS % & | Figure 2-16, 2-17 P HiffgaF O % J —)L
EORDTRTBIBEL Tz, ©F V| Form A 1%, Form A-1 Z#%H L C, L& £
WRRDHZITEBR L TV EEZbND, TD2H, 170 °CT XRD #liE L. £ DA
/34— % Figure 2-19(c)TR LTz, BN Z — o i3fGdmtEZ R L, Form A-1 &b~
5 & 18 LATOEIFTANDLT N7 ML, T 2mEMEMREAIER L TWD Z & AR
EnT, BAKYTHSHA, Form H-1 L&D 72> TE Y | Form A2 &g LTz,
ZD%., ZORfRmEHBHIL, 25°CTXRDMEE L1z, £ DRI/ ¥ — > % Figure 2-19(d)
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Figure 2-20 The water absorption and desorption curves of Form A-2 (the solid line) at 25 °C

(R LT, 8% =03, Form A2 LRIk TH o7z, £Dd, mAlT 52 LIk
HEBITAE L TV eWZ R bho> 72, Form A [T MEAVZITH Z LT, =% /) —
v EIRDMBEE L T Form A-2 12725 Z & b oro7z, IZ, Form A-2 OFExHEE %4
DI ERRD T2, KOWBEEZEE) 2B LT,

Form A-2 % 0 %RH BREZICE X, 80 %RH F THRAICHINEEZEm< L, D%,
80 %RH 7> 5 0 %RH |[Z{RE % FiF 7=, Figure 2-20 (Zf5% DAL K DO BLAS #i#R 2 ~ LTz,
Form A-2 /&, {2 20 %RH £ TIZ 1.1 wt% (0.3 5%5&) DOKEZWFS L, 25%RH 2B 2 72
EEATwi% (14%5) OKEWE LT, T0%, MHHREICHHI LT, 80 %RH T 7
wt% (2.1 5 &) FTKEWFE L7z, 80 %RH IZEI#E%, MHsHBEE Fifiz& 2 A,
25 %RH ¥ THMHI L TKRZBAE L 4.9 wt% (1.5%5 &) £ TKEBAE LTz, 25 %RH2 5
20 %RH IZ22F T, 1.2 wt% (0.4% &) ETAKEZMAE L. 0%RH CIHOBERIZKE ST,
Form H OWBiAEHARD L 570 2T U S AR N2 Ep¥vbioiz,

KEWFE LTS E2T_DT-DIZ, 70 %RH @ XRD % #IE L, Figure 2-19(e)lZ [A14T
RB = F R LTz, [ /3% — 1% Form A-2 ([ZFEHICEITIRY, 20 2 LT20° LAF

OEIFAB DTN 7 b L, ST 2 HEEREIERENL THND ZERRREND, 2
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D% Form B (CS-023-3/2H,0) & fnd L7z, Form A-2 & Form B DWW Bl & th#RIZ 1%
E ATV UABRALNR ol THE, REBEELDRNTZDTHLLERD
ND, ZOXITLT, H2KMYOfEE TH % Form B (CS-023-3/2H20) 3B
TELZENP LN ERST,

Z 2T B2 72K F) Form B 28 E A FEMGEARIZ /2 0 9 20 Z D T2 DI Z e
R4 550 L7z, Form H & DI ChL RO B2 HERT 2729, Form A 2=l =
v b S TKIRIER T TR L 7=, Form H E[RERIC, KT8 (AUT ) A 6.2+
0.2 pm & 725 £ CREmZ MM LT, Mftc. Al - 208 - % L. Form A-1, Form A-
2 %% T Form B ICHsBT 57 a2 THU 7 ER LT, 2 LT, BEOREER
Bk % FEhi L7, Form BIE. 0%RH Tl Form A-2 ([Z#5f83 5723, Figure 2-21(a)lZ”kd &
INCLZETH -T2, —J. 75 %RH Tl Figure 2-21(b)iZ/ <3 & 9 12 Form H X 0 22k
PENZ Embholz, D7, FormBld FormH LV EFHEMFHF L LT LT
WZ LD oTz, FormB 7225 FormH DB 2R SE 572010, S HITRE A& <
T 5 & ER ATz, FRHEEZ 0 %RH 75 95 %RH & 3% & Figure 2-22 D EHR DR
OURILHIHFRIZ "9 L 512, Form B % 80 %RH LA E o B EEEREE C 7.4 55 8402 O K&K
EFEL, 0%, HERADL 6.0 FE2OHERBTLENMLL, BEELILENLE
90 %RH TO[al{fi /3% — > % Figure 2-19(HIZ R L1z, Z OftishiX, Figure 2-19(g)? Form
HOEH /% —> & —FHLTEY, FormB 25 FormH IZZEL Lz Z ERbhotz, &
D%, HREL FF7es 2A, EROFTOMBEMREZ R L, B0, BEZE2(S
RN & BB, SEROIR L H ORI & BikEEZ R LTz, Z OWIL E BB, Figure 2-

6 12779 Form H & Form H-1 D2 LIZEE LW KO & Bl %2 R L7-.
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Figure 2-21 Stability of solid CS-023 at 40 °C under humidity conditions at: (a) 0% RH, (b)
75% RH

X 5|2, Form A-1 2°5 Form B Z##%H L T, Form H (ZZb S ¥ - BEOBMBE T E %
Figure 2-23 |Z7< L7-, BAMEED 25— T, FormA-1 (Figure 2-23(a)) % #& L. HH
KT 50 %RH (2 LC 1 Hf%i# L7-5HE % Figure 2-23(b)iZ-x L. T D%, 90 %RH Z L
T 1 H#f#H L7255 Figure 2-23(c)IZ7~ L7z, FormA-1 75 Form HIZZ LT % &£ THIC
fWiand s 2 & MBSz, Tz, FormA 7> 5 K14 Form H IZE MRS L7z
ZEEHMERT D ENTEZ, LLED Form A 7»%5 Form H ~DHisf DOF%EE % Figure

224 12F LT,
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Figure 2-22 The water absorption and desorption curves for transition from Form A-2 to
Form H at 25 °C: Absorption (red), Desorption (blue), 1% cycle (solid curve), 2™
cycle (dotted curve)

Form A 7> % Form A-2 ~O BRI IL, =& / — /L LKDBBEEL THA U 5725 fiFD
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AREMER B o 7o, L7z CS-023 OMMEIL 99.5% TH Y . HFE 0D Form A OFfEIE
HPLC T99.6% CdHh > 7=, FMEIINZHE LT Form HOME X Form A & [@ U TdH Y 99.6%
ToH o7, FormA-2 75 Form B ~DEAMERE THMRITAE LT TW W2 ERbinolz,
Form A 2 UNForm H TR HAVIHIEE OB, AT OREZRIC L 26D TH DL, W
ENELHT TIX 50%53 3 2 DOICxt L, Form A Z#%H L7 EfREEE Tlk, Form A OE VAL
ETC 2% R 228, BEFIESEE ClL 0% CTh o7z, Liohio T, Sz gl L CBi%

A DI T % Form H #8G&E$ 28 - /a7 m v A3 B Sz,
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100 um

Figure 2-23 Polarized microscope images during the transition from Form A-1 to Form H:
(a) Form A-1, (b) after one day at 50 %RH, (¢) after an additional day at
90 %RH following (b)

Form A
(5/2EtOH * lf2}120)

Under30%P,/P, | 4 Over70% Py/P,,

|
Form A-1

(1/2EtOH - 1/2H,0)
Heating at170°C *

Form A-2 Form H-1

(no solvate)

Ovwver 30 %RH : * Under 30 %RH

* ' In Water

Form B —_: Form H

GZH,0) " overso %RH (4H,0)

(no solvate)

Over ! *Under
30%RH W | 10%RH

Figure 2-24 A solid-phase transition diagram from Form A prepared by anti-solvent

crystallization to Form H
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%2 T, KI5 CS-023 @ Form H (CS-023-4H,0) /KFnifsdb 3 & bz,
Form H [ZEHELFEDOHBBEAIC /2D 2 D Th o7, Ll /KEHKIZIBWTN
BB L O HIBEIC KRS BT B 12D A — T v 7 LIEBRICIUERBE T 2 8& 08 H
Do 80 VIV% T Z ) — v Z W TEEPEEAT 24T o Tofi R, PGS Form A 73
oz, £ LT Form A S EMHERIZL Y Form H #BfGC& 72, HOZE 2k

[ZHUET 27212 ICH QUIV TRl EA L 5 2#HAE BB L, TV A o A_— AT
FoTHEEZRIAET 2 Z L ROLNTND, SHIZ, 80 viveT ¥ / —/VHLERIZT 5
eDIiZ= s )=V EREBIMEHT L7200, =4 ) —VOHIBREE LV, £D),
ARETIE, Form A WEEMIH/EONDL =X/ — VA RT =Dl =& 7 — /LR
23 80 VIV LA F DEA:T, FFIZ 20 225 70 vivse D=4/ — )VREER O FEFAIZ 38\ TR VAL

T 21T - 72,

3.2 SEERGIE

321 dbHTEER

20, 40, 50, 60, 70 viv% =% / — VAR T OBEIEEEATIZLL T O HIETIT > 72, 10
g O CS-023 MAfE L 7= 25 °COEIFI/KIFIK 400 mL 12, 20, 40, 50, 60, 70 VW% /
—VHEIZ 2 D K o= F ) — &2 N A T, FrEle . i U7 2 o g (2
FOEML L, AL [ U & ) — VR O KB 40 mL THH L7z, IRWT, #E
i A ARz C 25 °CH2 6 60 CCOPTEIREE, J£/7 0.04 kPa THZME L7, £7=, BlD
WoMR 15 & L CL Figure 3-1 12779100 mL DX =2 =4 /L KT 4 ¥ —% >, 25°CT

J£7) 1.6 kPa Tz X H7-, 2=V RT7A¥—ORESHE X 10 rpm (ZF%E L7z, ik
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c Motor

Conical dryer

¢

Water bath @ @ @

Figure 3-1 Drying experiment apparatus

T OKGEIZ, H—VT 4 v v —KSEF MKA-610 (REfEF) THIEL, =% /) —
V. CS-023 ZKICIERS BT, ~y RAX—RHP 7T — GI880 iz T-H AV

1~ k2777 6890N (Agilent Technologies) %M L CHIE L7,

3.2.2  HURESE XHRIEPTIC L D fEahiEE O E

T = VKBS O A I 2 N D T HARS RS AT 21T - 7o, HARG A
ERLIZOICACF 7 Pay TR DfieE 2 LT OGIETIT > 72, #id Bz

Hampton Research i D #E gLl /L (VDX Plate) & V=, 40 viv% =& J — )V KEEHR %

50



P N—VERE LT, T =7 LRI 0.5 mL Z M fEdb ke L NICEE L, 25
mg/mL @ CS-023 KIFHE 0.04 mL Z U I UAFR L7=hX—H T 2 BIZH Y FIFT4°C
T 24 FFEFHE Lo, MEEMAT S ATRE e A X F TR Lo dh 2 Peid & Wl i3 7o
TA v =T TN . LLTOJ51E TR SIS 21T o7, JEZ. 150K T
MoKa it #t (0.7107A) 2R L, /7774 FE /7 v A —4%—MSC Mercury CCD
(Rigaku) Z i L7, &R @Eix, SIR9727 1 7/ L%y /7 — ¥ CrystalClear
(Rigaku) Z W TITo7=, W& bit, SHELXL-973% i F L 7= 2475/ — 3Rk
X o THEIT LT, TN TOIRKRBIRFITESFTICEHE L, KERFOMEITESS 7

—VT{BIC R VRO, KBRFIETAT 47— FTHREL LT,

3.23 HEESOBEMT ~ o AT FAVHIE

W ORGSR EE A BT 51 OICLL T OIETHEM T ~ v A7 ML Z2JIE
L7ze T~ A7 FVHIESERE T inVia Qontor (Renishaw) % V72, 25 °COEIFN
KR T E LTz CS-023 HifE it L, RIERE 50 56 L o X & {2 7= SR
DM2700M (Leica) ZfEfH L. EA 2 ym O L —H— b — A& B OB & 72 IR E
L7z, I~V b —F =0 1L 5320m T, HIJESmW (50mWx 10%) & L7z,
BT AR VT, BRECREZ 10 2 (1.0 B/EIx10 [[]) & LT, A7 bV

fik 274~2008 cm™ & 3 fERE 1.5~1.9 cm™ THUE L 7=,

324  ByR X#RET (XRD) Z#Hr

By R XBREIFTIZ OV T, 22.5 T TR HETIT- 7=,
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15 5 T REd O A SR AR 1T, DVS Advantage-1 (Surface Measurement Systems) % fii
ML T FEHRE 0 %RH 725 95 %RH OHGFH 2 5% CHIE Lz, £hZh oI
BWT, HEEEED 5 53HT 0.001%AKd & eo7c & Tl TH D &M Lz, WES
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2 ) — VR D KRR L, SRR 10 mL 23202 = »~ bk /L Nano Jet Pal JN 20

(F) T LTc, BieSncibzigEm i, 96 viv% =% 7 — /L Cleidit, IRE
25 °C, FHXHZEE 50 %RH BREE FICHME L C, HIo, Bt okir&ixr—%—

[T/ BGEL AT [ LA 960 (BRGHEUERT) 2 AW THIE LT,

52



33 FERLBE
331 70VA%TH J—/LFTO CS-023 Dkl

FT. TOVV%TZ ) —)VIKEHR & 702 D 5T CS-023 DABH AT 21T > 72, 1361
Toftdn 2P L, 70 viveT™ Z ) — VKIS CUer L. IV RCREg TRzl L7, ARx 722
WS TR DRSO T ¥ ) — L L KDEREE Figure 3-2 (2R LTz, v v b0
(CHZBRRE E R AR LTz, =& / — L EKOEEIL, CS-023 DEEE 100 wt% & L
THH L7z, Figure 3-2 5, IRENREWIE Y /) — L L KOG BIMEWEHEIZH D
W, TH )= DOEREIT28 1D 6.2 wi%, KOGEEIL 0.6 05 1.13 wt% & IRHFHIZ A
DO EES>TWRNZ ERbroT,

80 VIV% =& J — )L DBV T H v/ Form A (CS-023-5/2EtOH- 1/2H,0) D=
B )=V EKRDOERIX, =H =T 214 w%, KiT 1.68 wlZHM 325, 24, 80
VIVBLA T DT 2 ) — VARR TR S 72 & 92T Form A Th 5 L HIRF S7=a3,
it b T ORBEAHRL N —E TRV &N D . BARDZEIEA REIGTIRES > 2IREY
THDHARRERD Y | [FEROFERD 20, 40, 50 viv%T= & J — LIKIER D B O T
B"Boilc, ZO7D, FlEOFIERHEE TN 2 EBNRKEB 2 bivlz, il
M2 L CRZIBE AT o 7288, it o= ¥ 7 — v LT OUKB e & oz ¢

Ji e L 72 T REMEDS 8 5
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Figure 3-2 The composition of water and ethanol in crystals by anti-solvent crystallization
from 70 v/v% ethanol after washing and drying. Washing: with 70 v/v% ethanol,
Drying: at 25-60 °C and 0.04 kPa, for 16-166 h

332 =& —/VKEEHEP D CS-023 DL

33.1 HTHfG SR, fkx RBIGo=Z ) — L e KEBURm CTholz, £
NOENEDEIRZIETHL2O0EHMT HI121E, £T . WIRTOZE 4 EMEICFEE
THILEREETHDLEEZ T, TOH, BfEREZIET 2 2 L2 BIIC, AL
B X pft a2 R 72, K9 300X 100X 100 pm A D HFEFEN GBI, FTA o L—F
THYHR L 7= B S O R CIEMEE 5 B % Figure 3-3(a)l2/Rk L7z, F72. Figure 3-3(b)i.
Figure 3-3(a) DIRFEA KT 90° [Hlds L 7-Re DR NEBMBI T HE CH S, £ LT, HFHNIH

it i O FLAE o XA AT 21TV RESAE 2 F5E L7z, WIS, R 2mE 0
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(a) (b)

Figure 3-3 Microphotographs of the single crystal structured Form C: (a) A polarized
microscopic photograph, (b) Rotated (a) by about 90 °, (¢), (d) the Miller indices

corresponding to (a), (b), respectively

R T —HREERE Lz, 27— EEARRE L BROBEMEE T HE (). (DIX. WOCEMEE
BHEO@), IR LTIHY , BEER X SREHTHIE R BRSO BR i O FE 3T 1 23
HiR T2,

S A IE AT IC K o TSR OB & =& 7 — VORI, EhvEh 1.0 &
3.0 FE L WESHL, CS-023EtOH-3H0 L REI N, ZhiE, famhicadEns—
H )=k ELT, ZREN, 10.04 wt%, 8.5 wt%lZFHY4 925, Figure 3-4 (ZHLAE M
& Form A D[R/ 32— DOz R Lz, Bifsh D 2 RouDBfr/ 7 — %, Bifish
OFEET — 2 2 L, Mercury (CCDC) ZHWCHHEEE 0.15 & LTAEK L, =
D%IIE Figure 3-4 7>5 Form A &R U TIEARWZ ERH BN E otz ZOHFTIZH

EINT=% % Form C (CS-023-EtOH-3H,0) E41FH1F7-, ZDOREENS. 20 viv%n»
55



100 +

E)
<
g
Z 50|
Q
=
0 ] 1 I 1 I 1 I 1
0 10 20 30 40

20 (deg)

Figure 3-4 The comparison of the XRD patterns: (a) Form A, (b) Form C estimated from

the crystallographic information data

570 viv% LLF D H ) — WIRIRD BRI S 7255 1E Form C TH D Z E DRI S U

7

3.3.3  Form C D7K DO Wt 5 ke

SR 35 30 um @ Form C D& fE DK DRI F K OWLEEN E 247> 7=, 0 %RH
725 90 %RH O E T xkF3 2 WA 2R % Figure 3-512/R L7, IREFOERIT, £
NENKOWIL & BiffEEEL T D, £ LT, ZOWRPEHBROREDH, =& /) —
JATBEE L 22 o 7o GRS 4.3.1 THCRLIA) . BEEERF (13, AHXHIEE 15 %RH LR T,
3.0 FEDKICHET D 925 wit% D E &) 278 Uiz, WIRRHZIL, FHZE 2 0 %RH
D35 25 %RH OFiFHT 9.25 wt% D HEEH N2 R LT,

25 %RH 7> 5 95 %RH ~DWIT & 95 %RH 7> 5 15 %RH ~BiBEERIZF VT, 9.25 wt¥%
w2 DROWAE &g O &EZ L% R LTz, FormH (CS-023-4H,0) & FromB (CS-

023-3/2H,0) T[RRI G EMABREDBE S, T, X Bk ahiE
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Figure 3-5 Water absorption and desorption isotherms on Form C washed with 96 v/v%
ethanol: Absorption (red), Desorption (blue); Effect of crystal median size (dso):
29.1 um (solid curve), 0.24 um (dotted curve)

ERATRE R DE O L Y D2 VKPRRESINTZEZERL TS, 20T
D, KOWREFD, FEERETOKDOEREIZL D EDONE D NEfENDT-, KOWEFE
SIDFERBEEICB T DL FEORE - METHL LINET DL, RLFRIZE-TE
HEENZETIIE, BREENENRT DT T THD, 2T, KFELZ/NSLTDHED
BT =y FINVERANT, AVT % 0.24 um F THFE L 725G S O W Bl AE SHERR
ZHE LT,

bR AN KA L, R EOWAE 25 I L TWD5E. Mkl 7O E miH
ERERBLAFOREREEEL D bREWTCD, NI RFEEICKERAE S5 LmgED
N3 2133 CTh 5, HRHENE LWRLFORLFEED 121 3D 1IZ7200E, WE&EIE 121
fFIZR DT T TH D, KR Z /&< LTHRAEERRZNE LR % Figure 3-5 DA
TR LT, & 24P, 29.1 um DOfEEE E 0.24 pm OFE SO TS HRITITE AL
ERR OGN0l LIeh> T, 3H0 Z# 2 THmRENIWIN S 7K, Rif o2

BIEKIE LW, BEERADOWETIZR N ERNbho -, fEeaFm~DOWE TR
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WO THIUE, 3H0 LA EOERIZ KO THRE N A~HAY T2 BHAKICE D D
ThHhHEEBEADLND, ZORONRBIL, MdbEELar 7+ A —va e s
HHEEN L LTKERINT 501 Tid/e <, MmONEHOMEL I KRE ER Lk
WZERR (RA R) IZKNBADZEICL s THIERIINTVDHEEZ BILD, AT
RIS LT, 2O &) RIHEFEROBRAKMBLOBANEL D Z N ) An~< A
VUARRTHHE SN TNDY,

WIZ, BEEWD LIcEZ AT~ 572912, Form C % 0 %RH [ZFHE L T XRD HllE %
1T~72, Figure3-6 ([Z[E#fi/ % — %R 72, FomC L B 52 THY ., D%
Form C-1 (CS-023-EtOH) &4 f11F7=, & L C. Figure 3-2 \Z& DA & 7ot <15
TN O DAE ORI /R X — % Figure 3-7(a). (b). ()R L7z, D720,
Form H, H-1, C-1, C ®EFF/NFZ = %R LTz, T HOfGEIL, Form C-1 2 ERSy
C. FormH, H-1 & Form C DIREMTh -7 & B b D, FEMidEl (33.7H) ¥
D, TF ) —VKEIET T Form C IXZERTH Y, Form A (TELERTH D, *
7=, Form H (X Form C 7> OEHHERE THRUGAIEETH 5 (43.15H), LD, LiEdh

T % Form C ZfERICEIST 5 7k z2 Mt L7,
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Figure 3-6 The XRD patterns of the crystals formed: (a) Form C, (b) crystals obtained at
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Figure 3-7 The XRD patterns of crystals washed with a 70 v/v% ethanol under various
drying conditions at 25 °C for 166 h (a), at 40 °C for 24 h (b), at 60 °C for 16 h

(c)
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334 70 VN%TH ) — VKR GHTH T 25 CS-023 fidh DO Peig & izt

70 vIv% % ) —)VEL N COBEBSITIC X - TR O i b I T e thic L v =4

)= BLOKOEEIL, —ELRWI EnbhoTo, MRS A L Tz
IToTBR, FdT o= % 7 —L I JUOUKDP RO CTHEE L - /TRt & 5, -
T, VRO IENEG TR T2 2 ENRR & B Z DT, BTN o 3 R
G OV BIAEEST D U A7 28 Douillet? 512 L > TH LSRN TWD, ffdh
b SE DU & e DV 2 VD & FEE L QO TRy TN s s X v
BrES AL, ITE L7 B RE s s IS C & 7, BRI S I CHERE L 72, Hsieh D
3 1 = Z ) — VR S0 O BEOKRS A 15 D To DI A TF IV 7 F Lo —T )L
(MTBE) TWeiftk, W Lic, o3, mRBRETEAYEZG L D & LT,
fEm T & ) — /WIS RHIZBEIC MTBE FUCHBE L TWe Z L2 RELTNDY, L
7o 5T, CS-023 IZBWT b RIESEMET Tldle <, HWiHFEFELEETH S AlREMEN
b5, €I T, HEIZForm CZHGT 5, T7Rbb, —EDTH ) —)L LKEGTek
Al 15 D T2 DRk & 70 & Bt 1A R T,

FT. K E 75 VW% T # ) — VKESIR THEE Lo, RIS, (BEDO R — M4 D72 <
TEHEOICI = a= VR AR LT, B 25 °C, JEF] 1.6 kPa (%I
50 %RH) TCHMgEZRA T, Figure 3-8 [IFEMMOFMET mEAF O X ) — /L LKDE
B%2/R LT\, Figure 3-8 TlX, £%& & LT Form C OfEfbtE &t o on-a&
LB B ) —)L 1.0 %R (10.04 wt%) LK 3.0 & (8.5 wt%) DOFE&EZ FRE —H
SHAR T LTz, RSNV ICHEDIT I N OB T H1FTTHDH, LiL,
Form C ®=% /J — /& &ElE, 1.0 FRUTO LV AR T, 7.7 wi% £ TZAIE L T
YL, EO¥%—EDEE 0Tz, —H, KiF=F ) —/L L ViENT Form C O 3.0 H&
LEOKRELD 20 124 wt% T—E L o7z, JEJ1% 0.04 kPa ICEE T 5H L, K

STIFET e EF TR T LR, =& ) — U3 b L oT-, WeEiRE LT T5viv% T
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Figure 3-8 Residual solvents in the drying process at 25 °C and 1.6 kPa. Washing with 75
v/v% ethanol. Reference: Intrinsic solvation of Form C: 10.04 wt% H,O (dotted
line), 8.55 wt% EtOH (dashed line)

2 )= )VKEERZE W56, Foom C LRICEZB AL Z EBREELWZ LvbiroTz,
ZOD, Xvx=Z ) — Ak Em< 52 EEamE LT,

WIT, Wik L LT 99.5% % 7 — /L% T, 25°C, 1.6kPa T 12 RffHlizfi =
7oo LA, =& 7 —/L Tk, WEHHPICRESE/N S SEIRAE L T BT3B S
Niz, MG OMKEATAIa~ NI T7 7 4—LKRPFHTHELZEZ A, 17.6 wt%
DL =& 0.9 wt% OKRNEEIL TN, 99.5%T 4 ) — /W X DWEEITKP=Z
J =L LT LE W, Form C LR U &2 50 Z EREE LW L vbho T,

LLEDORERN G W2F 80T Figure 3-9 IR T L O I TE D £ B2, £F.,
75 % T2 7 — /VIKESIR T U L T2 L% OFG s D & i O IE(a) DIRFE T, #E
#51% EtOH-3H,0 Th 2, FBmR I, AN BRI T ) — L BESERICZE

R D, HoEAET LRI T D05 (D)DK D ITHEFORE T, KON R <
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Figure 3-9 Behavior of the washing solvent during the drying of crystals: (a) Evaporation of
solvent, (b) Preferential evaporation of ethanol and the formation of the water-rich
phase in the vicinity of the crystal surface, (c) Diffusion of crystal ethanol to the
water-rich phase and the reverse diffusion of water to the crystal inside, (d)

Disappearance of solvent from the crystal surface and formation of the water-rich

phase in crystals

2%, WRIZ, DXL IITHERT DT X ) — MTIRMICIEE L. —J7. AKITEE S O PNES
SR D, LT, MmEEOKBERE L, AN RLLo7cl ZATERLD
PEHUX L ¥ B (d), Figure 3-22 2020 PRAISND L HIZ, RO 7 — LITRER] OF%
EEHITWOTHIETTHY, ()DIREETIE, TP o= & /2 — LR OO
FIIZ K > TKICEZHD > TWDIET Th D, MmOIMUDEMIT=F /7 — VAR
FEPBHRRL K& 0 IRV B T A SRR 0 DIRIE K72 AR D, o T
()DIRREIZH D & 9 7, Vet L ORI OB ORI EZMHENDO D Z ENEETH
Do LonL, MidmNEOKE TS ) —VEBEBENET 2 Z LI3# LV, —J7, fidao
BT ~ v A7 MAVIIEIZ L 29007 Tl s 0SBELOE#RERDH Z LN TX
HAREMEDR B D, £ 2T, KEBEEF T Form CED L D R ZALE RT ONEMDT-D
2, BT ~ v AT MARIEEIT -T2,

Form C {Z%f9 % 25 °COFIFNKENE H I Hifk il D Form C % & % (Figure 3-10(a)) . if
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Figure 3-10 Raman spectroscopy measurement on Form C’s (001) surface exposed by a
saturated CS-023 solution: (a) Schematic of experimental apparatus, (b) Form
C’s (001) exposed surface: A, B, C, D: Laser beam irradiation sites, (c)

Schematic of crystal appearance corresponding to the Miller indices

EFRENATREREIN AT — I L0 Hidho (001) E Lo A, B, C. DDA L
—H—b— A% L7 (Figure 3-10(b)), D (%, (001) WOHLTHD, KHCTHE
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BIFIZK IS T Form C & Form H O#fEdh D 1200 cm™ 725 1800 cm™ D 7 v o A7
kL% Figure 3-11(a)lZ7~ L 72, 1386.4 cm™ @ B — 7 |% Form H TiXid 7213k L T
FY . Form C D 1548.9 cm Dt — 7 % Form H T 1558.7 em™ {127 F LT\ 5, K
DIFBEIZ, KalplZ LD AR L A IXRA BEOZ VXX AORIEKRE S
BT LT, 13864 cm™ DB — 7 [ THRE MBI AN, Figure 3-12 (2R L= A k2 DB LR
F VIO -C=0 i FMifEHI sk T 5, Form H & Form C O HfE L HEEMEATRE R (4.3.3
) /6. Form C TIXA/VRF VDRI L BEHREOFRF BRI, 1.257 A & 1.252
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DIE. KEDKFEREI Lo TP T 50 FORENR DR IRoTNDH D TH
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NENAOEIZE > TTI~ 7 PR 10em! ZBlL L7zt EBEZ DN D,

Figure 3-11(b)IL, L —HW—ME A, B, C. D IZBIF 25 T~ AT MNLORFHIZAE
fEZRLTWD, T _XTOAT, 13864cm' OE— 7 HEDAD &, 15489 /5 1558.7
em!' D=2 by T DOYT FRBIE S, FormC 5 FoomH ~DEEBE TH D LB R
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W5, FormC 725 FormH ~DZ ki, =& 7 — /LA L TR F 23RN S 4L 52
THHDT, T3 AT MVIEN LS L RERIX, Figure 3-9 (TR L7 A
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Figure 3-11 Raman spectroscopy data on Form C’s (001) surface exposed by a saturated CS-
023 solution. A, B, C, D: Laser beam irradiation sites. (a) a comparison of
Raman shift between Form C and Form H. (b) the changes in raman

spectroscopy with elapsed time
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Figure 3-12 Chemical structure of CS-023
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335 70 vN%TH J —)VEEIEH> SR L7z CS-023 filida DU 3 L LR D i

334 THTIE, Form C A3 /KIFEH T Form HIZA L35 2 L &R L7z, FEFEIC Form C
EERTEWEAICHE T o A TERERZ &%, EaOIMUTHSF O 7 — LDk
BMEFRETIRVKDBREOHRMEZERSERN L THD, £z, BHOTZ X ) —
TR W & EATHEGANER D = & ) — VAR S 2 b L 72 2 & 3B B )T 2 Ui,
Figure 3-9 |Z/RTHEA W= XL LA TH DL Z ERFEENS, £2 T, @V=X
J VIR DRI & AERET 2 051k, DE D, =& 7 — L KM E CHE CHRRET H 3
T UADOBNI R T v AR FEBT D010, PRREEE e % ) — VKRS Y
2TV 96 VIV ) —ZEE LT,

Figure 3-13 12 96 viv% =¥ / — /L CYs LIz O 7 et Ah D= & ) — /L LK
DRIFEAC %77 LT, fEd O 2 ) — V5T OBiBEAFH5T 2 RO & 5 &k
S3 R BE DWRAR & AR S B2 W IR O BRI R I 2 F W - 2 sic k. TARE D .
Form C L[AIL=% /) —)L - KOG EEZAT HEMmETET 5 2 LA K, Figure 3-
14 1T BRSO BT F — 2 R Ui, W% ORES ORI S 2 — 0 9 b Bk i
REERATIC K WV IRE SN/ Form C L RILZECTh D Z &M R S 4Tz, L7ehi» T,
TH ) —)VIKFR T DR CAERT D Form C Dfkh & L EMICEAFT 2121, ko
WA I B S D BD 96 Vv T X / — /LA O THE L T LT 5 2 &3

il Tdo % &R biv s,
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Figure 3-13 Residual solvents in the drying process at 25 °C and 1.6 kPa. Washing with 96
v/v% ethanol. Reference: Intrinsic solvation of Form C: 10.04 wt% H20 (dotted
line), 8.55 wt% EtOH (dashed line)

100

Intensity (a.u.)
(V)]
S
I
|

0 10 20 30 40
20 (deg)

Figure 3-14 The comparison of the XRD patterns: (a) the crystals recovered from 70 v/v%

ethanol solution, (b) Form C calculated from the crystallographic information

data
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3.3.6 Y ZaPi & RIS KD T0 vIvYekLER L T D= & ) — L KRR T O AT AT IZ

& % Form C D Hf5

70 VIVYALRL LA R D= 2 7 — VoKEEHR T b . Vel 3 i 8) THiiE, Form C & Hufg
TEDLDOMERFT LT, =& 7 — VA 20 vivYeds KT 50 vivve & L 7ol fafniasig %
LU . BRI 2T o 7o, ISR HT I L2, AL, 96 viv%e =X J —)b
TYeig Uiz, ZDO, 25°C, £ 1.6 kPa TR LT, 20 VW% T4 J — L IKEIE D
15 5 T A i O BEMEE 5 E & Figure 3-15 (R, R 241349 30 um T - 7=,

20 vIv%I LY 50 viv%e & J — VIR B RN S T fa O a3 % — > % Figure
3-16 IR LTz, ZTHUHIE, 70 viveT™ ¥ J — VX E R U Form C Th o7z, L7725
T, Form C ZZERICHAFT HI21%, B PRSI & AR EE TH L

Enbnoiz,

Figure 3-15 An optical microphotograph of the CS-023 crystals obtained from ethanol 20
v/v% solution. Crystals were washed with 96 v/v% ethanol and dried at 25 °C1.6
kPa
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Figure 3-16 The XRD patterns for the crystals formed in less than 70 v/v% ethanol

3.3.7 FormA & Form C D BIf&

80 VW% T X ) —)LKEEHE 1 TlE Form A 28545 B AL, 70 vIv%LL F D% 7 — )VIKES IR
HC Form C MG 6472, £ 2T, 2 DOEZEMOBMRER T, £, Haxlrxk /
—/UHERIZ 31T 5 Form A & Form C DO¥fEE Z|IE L7, Form A & Form C Of&fh %
25CHTH J —VKESHRIZIGE L, PrE R, A o> CS-023 §i2)E 4 HPLC THIE
L7z, Figure 3-17 I3k % 7o =% 7 — /VHRRIZEIT 5 Form A & Form C OIEfEEZ /R~ L
T2, TNENDEMETT S/ —NARRA R < 78D & &b ITHE B 3
DI ENbhol, LT, TXTOZH /) — LR O C Form C O¥EEE 1% Form
A DFEMREL Y bI& o7, bbb, =& ) —LKIFKT TlX, Form C NEERT
HY ., Form A ITELZERTH D, ZDTD, =% ) —/VKEEKRFT T, Form A [T
MHEBIZL Y Form C IZEEBTH B2 bivd, £, =% 7 — /WHEBMELS 72 5122
AT Form A & Form C DIEREDFEIIIRN D Z ERboodz, Lieido> T, EBEE

T % 7 — USRS 5 ATREE DN B D
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Figure 3-17 Solubility of Form A and Form C at 25 °C in ethanol solution

% Z T, Form A 725 Form C ~DEEHBEITEREIZ OV THET L7z, 25 °CD 40, 70,
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HE L7, Figure3-181%, 3 2D/ —AF X TIZBW T, WIRIRED LIXS < Off Form
A DIEREIIRTZI, £ D%, Form C DR E TRA Lz, BWHIRED Form C D#%
fREEIZZE LT, Aidb 2B L, XRDMIEZIT o7z, £OREK, T XTFormC Toh o
oD, WA LT Form A 75 Form CIZHE L7- Z L3 hoTz, 40 vive &
70 v/v% TlZ, #HX°2MZ Form CIZHERE LT Y | 80 viv%T= & / — /LA EL ClIsisfm
TELS oo, —MRANIS, MELTEM & ZEMMPFET 27 T, WIS HE%L
ERmPEICHTHT 22 M bN TS, Z20O7D, 70 vivieLL FTH Form A 23T H
L CWZRIREMED & 2 23, BBl EE 2N 72D Form C 3G b EBx bbb, —F
T, 80VV%LL ED T % 7 — LHHEL T Form A 2SS HE TV 2 D1, B AR T2,
Form C 2T T A HIICENIL TE TNV b THH EE X HID, Form A %% EMIZHL
59 5121%. FormA 75 Form C ~DVEEIE AR AN 06 £ D AT, #lGnJE P2~ BT IE4
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Figure 3-18 Changes in the concentration of CS-023 during the solvent mediated
transformation of Form A to Form C at 25 °C. Solvent and the prepared Form A
slurry: (a) 40 v/v% ethanol, 56 mg/mL, (b) 70 v/v% ethanol, 30 mg/mL, (c) 80
v/v% ethanol, 3 mg/mL. Form C was recovered after (a) 60 min, (b) 60 min, (c)
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Form A OZEN 2GR HiE LT, IBAWT X /) — VLA CRIEE ST 21T o 7=,
70 VW% LA R DT 2 7 — VKR 31T 2 BUIERAT 24TV fEf b S E7oiit & R C
TH ) — VKRR DOVEIE THd L, Hx RIBE THBRSED L, ez ¥ ) —L bk
DL FEORE R MF DT, KT OZHERFET D72, 70 VWL FOT X ) —
IWHTAYF 7 Fay PR Db 21T o7, Bifid X BEr 242 2 &
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WU, 75 V%™ Z ) — VKIS IR 2 Waiia it & LT LT 25 °C. 1.6 kPa THil: %
{Tolcl 2 A, Form C &R UM sh 2 G325 Z N TE oz, EDJRIK
LT, R ELOWM SRty ) — LB LUK T OBBRNBE > TWD EF
Zbilc, £ 2T, KEHEH T Form C DM T ~ MEZ{T>72& Z A, FormH ~D
HRENBEINT, ZUE, =8 ) —LVEBIXOKG FOBEBNPE > TWND I & 2R
LTW5, BT THRERRZ ENDEZDREENB X O D, WAV =
X ) — VR E e LTz, ZORER, 96 Vv T ¥ J — NV EFEREEE L THAT 5 &
WIFFHE Y OFEEN SO, L7 -> T, Form C O TEAPEITE N DY L OIS
TED L ST, ARACEW D K 5 72 570 2 W ik oy % & A TR S D 2R R D
EERRE I S5 2 & T, BEICS Uk S35 2 & Al T X 5,

Form A (I Form C (ZHNTEMREN = < ELZEH TH o7z, £ LT, 80 vivhDT X
S — VAR DR LA ClE, Form A 1% Form C (230 IR 8 L=, £ D 7=
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5 Form H ~D[EFHELE A 7 = X KOV TR L 72,

4.2 FEERGIE
421 FormH & Form A @ B o /EL

Form H DLk Z BfG9 2 7212, KIEEIE D D OWENGT 2 LT O HETIT - 72,
CS-023 10 g &2 50 mL O/KIZANZ, 70 °CITINEA L T 2ITiafE L=, W%, 0.2 um A
YTV T AN BN TAE LT, WiRE Y ¥ — LICHRE L, 25 CCTHHE L7,
REAn AT LT 24 W, Mt L2 d B8 ORI 2 By M TRWEY | 30 g/L
D CS-023 KIFIE CHRE LA ORK Z B LTz, D%, OB ORRE ¥ 50 A
TCEHEHY . 60 %RH OMXHREREE Tzl Lo, EO%, HAESE XMREHT 50T 21T
>7,

Form A OHAEEEZ2 BGT 272012, Bt 2 LT O 51ETIT>72, CS-0235 ¢
Z 50 mL O/KIZINZ, 70 °CITHNEA L CERICIRR Lz, WEith. B HIZ 25 °ClTmA)
L, 02um AT VL7 4 —HnTAr@LT, RIZTF L7 4V AEBN
VX — LA LR E R L, £ O@IRIZ250mL O % /) — L&z, 25°C T
L7z, FEMAMWTH LC 5 Reftg, AT Lo B ORI %Z B2y M TROERDY |
96 VIV%RLRR D& 7 — L IKERHR TR i JE P O VR IR 2 B L, Pevd & v 3T o7 HLARS

i X BRET AT 21T o 72,

422 EARESL XRRIEPTIC X DRGSO E

BLAE L XORRIETIC L A SRS AT IZ. 3.2.2 0 & [F U 1E CRIE L T 21T - 7.
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43 FEFR LB
4.3.1 Form C OFHEREZEEN

Form C ODx% / —/)L L KON EN 2 515 7212, TG JIE %17 > 72, Figure 4-1 (%,
Form C DIREIZxT A HEEEILE R L TN D, 2EBEEOEERD DR S, §80 °CE
T2 9.0 wt%. 80 °C2>5 180 °CT 6.0 wt% N EE LTz, BRI Loy 2 RE T
% 1o OB RIS X D IR FER ATV, =X ) — L Lk & JIE LT, 80 °C Tl
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Figure 4-1 Thermogravimetric (TG) diagrams of Form C
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I HIT, BRI O WEE S JUEEVE A 1% 72912 DSC ORIE %17 > 72, Form C
% 25°C 5 180°CE T L 7-t%., WmH L 7=BEDEEZE L % Figure 4-2 12~ 7, 2 BepE
DOBEZEAR B, 25°CH 5 90 °CTHGhn 1 mg 2720 252 m] OWEZ R L, 90 °Ch»
5 180 °CT 29 mJ DWW E A /R LT, 25°CH 5 90 °COFFH OB EZLIX, KO BIBEIZ
D LB L REIEHARE I LE O B 5 VT REIE 2 55, Form C O 1 mg lZ& £
HKOET0.09mg TH D2, KO XL —225Tml/mg (25°C) ZHW\T,
KO AN —E LCHETD L, 205m] (25°0) ([2HINT 5, ZD),
ROKRBEFET 255G LIFFFELVEABEL(LEZ L TWD, £72. 90 °CH 5 180 °COHE
PHOBEZEAL Bk & RERIS, =& 7 — )V OBIBECEE 5 B L IR S E D WD 5
VIIFRENE 2 51D, Form C OfER I mgiZE&Ens ¥/ —3007mg THDHT-
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—LLTCHETDE, SOmIICHY L, =¥ ) — LVOERBBEEOR LI Y T 52 &
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Figure 4-2 Differential scanning calorimetry (DSC) diagrams of Form C
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WRIT, Bz 720RE T XRDIC K DHIEZATV, FEEEIED & O X 5 IZE6T 2 D0
~Jz, Form C % 25 °CH 5 180 °CE THEFHEIFZIHS T TMELL T 180 °CIZHIEHK, 25 °C
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Figure 4-3 The XRD patterns at various temperatures and humidities: (a) Form C at 25 °C, (b)
at 80 °C, (c) at 180 °C, (d) cooled to 25 °C, (e) at 25 °C, 80 %RH
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HbH, T, 80 %RH ITBEFHE L THIELZE ZA, (IIRT LT, Form H &
[f U2 = dE b,

WIT, Kk & 7o IR CIRCBEMER IC K D2 BB OB 21T > 7=, XRD HIE & [FERIC
25 CHHEZFIAK T TMEL T 180 °CIZH:E%, 25 °CIZHm A L7=, Figure 4-4(a).
(b). (©)IFX. FNZH., 25°C, 80°C ., 180 ° CHOEETH Y . (d)i 180 °C/n B 25 °CITHy
HLTHEONEREROEETH S, ()LL) SOFEFITHERITHN OB A-T
WS ZERBE SR, £ LT, Motk (010) mm. (100) mAS (001) [EIOHL
IZMAWERT 5 2 EnBlEshe, 2, (010) @S (100) A HKDIBHEL

(a) (b)

Figure 4-4 The polarized microphotographs during heating and cooling: (a) Form C at 25 °C,
(b) at 80 °C, (c) at 170 °C, (d) at 25 °C, 0 %RH
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HENE L2l B NS, (& (dFLARD &Rz > TV, Form C
MIEDIEEIZR > TWRNWZ LR bh o T,
LLEDZ E75, Form C OEFEEER X, Figure 4-5 128 Lo CAELT 5 2 &3

Hnkigoiz,

Form C
(EtOH - 3 H,0)

T
— I 1 [nd
3 x -3H,0 1 +3H,0 5 X
g X ! g S
D ! O«
Form C-1
(EtOH)
L9
& 3
Form C-2

(no solvate)

In water

1
o 1A v
T o 1 o
5:'- 3 g
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(no solvate)

1
+4H,0 | *—4 H,0
\ A
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(4 H,0)
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Under
10 %RH

Over

e o o o o

A

Figure 4-5 Diagram of the solid-phase transformation of Form C to Form H
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432 CS-023 DZFERIX

% 2 TCIX, KT T Form H (CS-023-4H,0) 72U SFu, AHHE I U T
Form H-1 (CS-023-#E/K¥) ([ZAFHICEARERE 5 Z L 2R LTz, 80 viv%eT™ ¥ /) —
JVIKYATE D 5 1% Form A (CS-023-5/2EtOH- 1/2H,0) 28EfF &4, 25 C, =& J — 7%
LJEIZIER U T Form A-1 (CS-023-1/2EtOH- 1/2H,0) (2 A3 A [E FH#RF L7, Form A-
11X, 170 CT=4H / — /L L KDiBE L, Form A-2 (CS-023- BEyAEFIY)) |2 AR
L7z, £L T, 25 ClcHAIL THZIEDOE{IL /> 7=, Form A-2 |37k 25 C,
80 %RH LA FOAAXHEEEIZIEG UC, Form B & Al WiIC B L7, = LT, 25 C.
80 %RH LL_FOFH%HE T Form H IZFEFHERR L 7=,

%3 B TIX. 20 viv% B 70 vV%D X ) — VLR O KL T Form C (CS-023+
EtOH-3H,0) AHf§ S 47z, Form C 1% 25 CIlZBW THIXHZEE M U C Form C-1 (CS-
023-EtOH) & WfRIZ[EFRERTE L7z, F£72. 40 viv% B 90 vv%D =2 ) — LR D
KR TIE. Form C 2% Form A IZXf L CLEM TH Y . WIS 55 L T Form C I2#5
B Lz,

ARE T, Form C-1 % 150 CIZMET 5 L& 7 — /23 il L, Form C-2 (CS-023-
AEERY) Mo, TLTHEATS &, 120 CTH5 110 Cl2ayF T Form H-1 12
[EFH#R L 7=, Form H-1 21432 &, 110 CH>5 120 CITHF T Form C-2 (Z A A
(Z[EFEERR LT,

ZNETIZH SN2 122 RO BARISR % Figure 4-6 IZF & 7z,
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Figure 4-6 The solid-phase transformation map of CS-023 crystal polymorphs
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43.3 FormA. Form C. Form H DA% 1E o bk

B ab O IEARAT IO D) L T2 2B O b /)7 — & % Table 4-1 127k L7z, Form A @
gesR L =AML R  (triclinic) T& Y, Form H3B X O Form C (XE 7 §4%  (orthorhombic)
Tdh-o7-, Form A DZERIFEIL P1 TH Y, Form H 3 LT Form C I P212:2, Th o7z,
Form Al Z=2 TH YV, HAE - HIZ 2 2D F0MFAET D, 524 7 —/L 12 KFiy

L7, BT 2T ¥ ) — D 551 KIS EET A,

Table 4-1 Crystallographic data on Form A, Form H and Form C

Polymorph Form A Form H Form C
Solvate 5/2Ethanol 1/2H,O 4H,0 EtOH 3H,O
Crystal system triclinic orthorhombic orthorhombic
Space group P1 P2,212, P2,2:2,
Unit cell dimensions
a(A) 10.23 9.879 9.857
b (A) 13.21 13.322 13.1136
c(A) 14.04 23.45 24.1859
a(°) 78.07 90 90
B(°) 89.02 90 90
vY(°) 76.63 90 90
Volume (A%) 1805.1 3086 3113.2
V4 2 4 4
Density (calculated) 1.125 g/em? 1.351 g/em? 1.361 g/cm®

Form A, FormH, Form C D FEIEMEEIL, CS-023 57 1 DIGHESH T ST 5
= OWRFEREIE 2 fEICHH 3 5 72012, CS-023 53 F D 7 7 =)V FEMil % Head, B-7 7
Z LS Z Tail & L, fEmfEET CKE/HET DI NAVR=VORBRRRFI0 L THF
5% oF 7= (Figure 4-7), Figure 4-8(a)i%. Form A % HNAKFH1D ab FmEh 5 772K
(EE) L. be Frns Rz (FB) Z/27L TRV, Figure 4-8(b). (c)ixZTnZh

Form H, Form C % ac “Fmm» b 72K (BB & be Pt A=K (FE) #RLT
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W5, KERFIIEE A BT D 7o OICRE A B W o, 2O DIRIESH O BIRITEE Y &
IIEESHORARZ R LT\ 5, MBIESH DM XX, Figure 4-8(a)?® Form A @ be i T,
WABESH D LA Head, FHl4 Tail & L T4+ A TR Y, KFEMEIT L - T Head-
Tail-Head-Tail T STV 5D, ZOXTIHX, $REEHHA be Fii T Tail 205 Head (Z1H]
T2 mNE, ab i TIRARY & LTHED LTS, Form A, Form H, Form C O£ ##
JERBEOREEL, D FDarT7x A= a 3bTMNCRR2L0DLTHDZ Eiib

Moz,

» Head

Figure 4-7 The carbonyl groups forming the hydrogen bonding numbered 1 to 4 and the
corresponding directions in a molecule named as "Head" and "Tail" for a helical

chain
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(a) (b)

ab plane ac plane

11.725A
. Tail Head
Helical chain center Helical chain center Helical chain center Helical chain center

Figure 4-8 Helical chain structure (a) Form A, (b) Form H
Element color: black (Carbon), red (Oxygen), blue (Nitrogen), yellow (Sulfur)
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(0)

ac plane

bc plane

12.0923A
Tail Head

Helical chain center Helical chain center

Figure 4-8(Continued) (¢) Form C
Element color: black (Carbon), red (Oxygen), blue (Nitrogen), yellow (Sulfur)
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434 Form C 7>% Form H ~D[EAHELE

Form C 7% Form H ~DFEHEERE OFi A 2322 7, BB Z FRV 2 Form C & Form H
T, WBHEREES TR AT oIy T A=y a VHIEFICEL L TV D, WO
LMD Form C 7> & Form H O ERERRE ITIABEA ANEED D Z L2 CTRIRETH 5 &
Ez 51, Form ClE, Form H ~DEFIEBNES Th L Witttz mE LT\ o, L
L7235, Form C 7>% Form H ~D BRI Tid, KHBEL 7212, =%/ — /LD
HERS BT, ZDHRKOBINNLETH D, TDRAH=ALIDNTELELT,

T, fEaEE T O CS-023 4y 11X, Figure4-9(Z-x L= L 912, (001) HIZFEATTH
% b OO [ & TIRFESH A TWD, BKFO (002) ik, HAA& 77T c i
D& HBIEEORMFFLTH D, KEOTH 7 —uiE, ZOBBERHZ T 5 CS-023
DFOREZHD L L) ICHREINTND,

W, BB & kk 2 (O 2 CEAMimE Z i 7o M5iE (Void) % Figure 4-10 (2R L7z,

ETHENENE & & 0 B ORIET, b BT H AR BT 5 7 — s

Helical chain
center

Figure 4-9 Miller indices corresponding to the helical structure of Form C. Red: (001) plane,
Green (CS-023), Purple (Ethanol), Blue (Water)
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FHEIN T\ CTh 72 (Figure 4-10(a)) . MOPAC (2L DK EZH ) —LDoyrT
BFEIL, ZNEN19A3, 543 Tholz, £L T, (DIZRLT0.0001 eau® Tix, =4
J =V EKRD G FRFRIZIE 163A3 DZER N BINT-, =& / — /L RIEET 2729121,
KBWEET 2 X0 b L0 B REZVHAEEORENLETHDLEEX LD, SHICE
FEEEZm< LTV & b 7 i U7z S it OR8N T2 (c), TP,
KBEOZY ) =N D5 FIXEICIBEHATERR T 2 b il & ORREE CRE MmN I B
HELCWhEEX BN, (001) HiX, TORBEOFLIZHDZ b, ks LT
FIL<IRoTWD AR & 5,

% L., Form C % 0 %RH BREZIZHE L, Form C-1 & L 7= SEM % Figure 4-11 |71
L7z, Form C-1® (001) (Al FAT 7210 CThidb A EIRICEBRE D A>T\ D, BROME
THDHEOE ST 300nm TH Y . ZHUIETH 250 AOIBFESICHS T 5, ZHid, #&

M DA 22 T T < L AEFRNER O K D 5y TN 2 D iv7e < 72 0 NED

Figure 4-10 The electron density isosurfaces of the Form C structure, excluding ethanol and
water, calculated at isovalue levels of 7.5x10° e au(a), 0.0001 e au(b), 0.0005

e au™(c)
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i 3
L W
% "_Qioo)

2.00 um

Figure 4-11 SEM image of Form C-1

L RDTEDITELTEb D EHEIND, £ LT, ZTOBHZE L THRIGIMBIZKNR
L 7= &E 2 b5,

—J7. KR ClX Form C 7> 5 Form H ~OEAHEER T, BT ~ > X085
(011) mEFH LV (010) A HFEEPEIZA N> T Z ) — /L L AKOBEHPAE LT T
7= B34HEZM), iU, BIEHOT M THD b AICHE LTS, 2Dl L
o h, bR ) — L EARBHAY THRER DD EEZEZBND, LEDZ b
225, Form C 225 FormH ~O#RB Tk, EIZb#lZin > TS 2B L Tnd &
EzbNnb, LT, # T OB F OBl & I ST, LR OMMERART-,
Form C 7% Form C-1 ~O#af TiX, b ®li G MR- CTOKBBRMEST 5, £ LT, @iRgk
T CS-023 D4y THEENAEFRIT /2 0 BRIIASEA D & Form C-1 22 HK X 0 (KD K=
W& ) — )V EEL . Form C-2 ~DEEBENAET 5, KETZ 7 —)V3BES 575,
ENRTZNL TV D IREEDY Form C-2 ThH D, £ LT, miENHERIRIZZR D &, &IRT
RN T ZBEE DD LT Dy T A—va Y RNEL L, BERBETHD
Form H-1(272%, FormH-17>5 Form H ~D¥E T, KO FRESITERIL L, CS-023
DF ERFREETENT D, £ LT, TOWEBETIE CS-023 77 F O esid k& < £1k

A NG AY/SAN
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435 Form A 7>% Form H ~D [EAHELE

Form A & Form H OR§EIIRE < 72> TH Y| FormA 73 E D K 5 IZ Form H 124 #
D DINTHONT, EAHEERB D A 1 = X L OFH 2 A7z,

Figure 4-12 1X. 3 DDOLFED 9l (3x3) DOWRFES (A-, B-, C-F=—2r L4 31)72)
MOMARREZ R LTS, (a)lX Form A, (b)i% Form C, (c)iX FormH T %,

30D OME & IR T 27201, KFBRF. WS+, Thbbkexs
J—IFE W2, Form A 1% ab i, Form C 3 XU Form H X, ac FHiz L TW\5,
SR D 7o dIZ, BIRBESH T DK 112 1~6 DFFEEFID M T,

Form A ClE, c i FMICIBENTER SN CTE Y, A8, B, CHOBY IR LIEED
WONT, BEESITIF C M Az mnTW 5, 72805, 3ARMIER LI ESHIT T~ T
A UM & CAERY THhsb, —J. Form C & Form H TiX, b Bl AR ES TR S
THY, A#, B, CHOMVIERLEETIT, AHE CEHARUIME TH DA, B#

WA E &7 o T, A-B->C DIATHIESH O F TR BIZHEE L TS, T72b
B, FormA OB d 28 ES M OM A PRI, Form C X ' FormH & 138272 > T 5,

Form A 7>% Form H (21, Figure 4-12(a)?> Form A O Bih4 2 W ESH E o0 AR B EFR A
5. Figure 4-12(c)? Form H OIZFESH OFF A BFRICE L LT iU/ b2 L &R L
TW5, Form A ® B-1 & B-623 H L7z (Figure 4-13(a)), 2 2D5 11X, EH L4 A-
3L C3 DOEFITHDARGTEARFERBAELTND, LT, TOKZEMEZENT, B-1
& B-6% 180° [Hl#izXH 5 & Figure4-13(b)D X 9 1272 > 7=, Z OREEIX, Figure 4-13(c)
IZ7% L7z Form H O & L L T 5, Form A O[AlfE L7= B-1 & B-6 43 1% Form H
D B-3 & B-4IZF% 9% (Figure4-12(c)), L7=23-> T, BEHD I D[Al#RIC

Form H 3B ATRETCTH D Z L b mo Tz,
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(b)

Figure 4-12 The comparison of the three-helix chain's mutual relationships observed in (a)
Form A, (b) Form C, and (c) Form H, where the crystal solvents (ethanol and

water) are omitted. The expansion ratios of the three lattices are same

WKIZ. Form A OAEETIL 180 ° EIEAT 52T\ o, 40 7 DRIERDS B A
TEDXIITHAE DO Z AT, Figure2-22 (2.3.41H) TiX, FormA-2 (/KM
VL) DSKEWRIL L, FormB Z#%H L C FormH IZHsB 5 2 L &/R LTz, Z 2 CHEH
T2 LF EOBEICBNTKE T4AERETRNLTWZ L THD, FormBIE,
Form H DK D L~V Bz, @RI7ZKEZRIL L TWe, ZOmENIHIN L7zK &
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CS-023 77 F-/KRFAEA LT, MREHMIC P 2 A2 %25 ZE 2 L, Figure 4-13 O X 5 7245
FOEHENFTREIZ R o T L B2 b D,

Figure 2-20 (2.3.478) @ Form A-2 DIRIREEEREE CE T 5 0.5 E R OAKIT, BRIEsH 2
DI LTIOORMAETHDLZ LICHEHRL TR, thoKEITERRLBEEZLTWD
TENRBEND, DK CS-023 531D IR = (Figure 4-7 D 1 DFEEFEIE 1)
EOKRFRES L CEREN S L CHEBE L. Form H ~DOEBICEE BB A2 RZLTW5H L
BEZbhb,

(@) ) (b)
%1#L

Figure 4-13 A possible mechanism of the solid-phase transition of Form A into Form H. The
rotation of two CS-023 molecules (B-1 and B-6) in Form A results in the
formation of a similar structure with Form H: (a) The B-1 and B-6 molecules
shown in Figure 4-9. (a), (b) the relationship between the B-1 and B-6 molecules
after those rotation, and (c) the mutual relationship between the three helix chains

in Form H represented as a reference of Figure 4-12
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44 #F

Form C (CS-023-EtOH-3H20) 7> Form H (CS-023-4H20) ~D[EHHIEE A3 2725
72 ®WMNT, Form C % 5 %RH LA FOS&MFFIZEL Z & T, Form C-1 (CS-023-EtOH)
N HNT2, I, Form C-1 % 150~180 °CIZMET 2 Z & T, A Fil- 72 \WE BT
& % Form C-2 3% H 7z, Form C-2 1% 110 °CE THEIFT 5 Z & T Form H-1 12k L
7z Fet2lZ, FormH-11Z2 B CTHPI L7z L 512 FormHIZZ L L7z, ZDfER. Form C
ZKIHRICHE T, CS-023 D B-T 7 & LMEEDOMAKDZRD U A7 b3S, KFnks
AR 22 ENTE D, ERELLSE D HEE L CHMEBEZRATS Z &0
HHE CTh o1z,

2 DOVEMEFHFEEL T D FormA & Form C 28/ UK s Ic A s N5 2 £ 03
Mmolz, 3 2D%, Form A, H, CIEZ N FURIESHMEE TR STz, Form C
& Form HIIHEEDNIEFICEITRY . =& /) — /L L KDOEHRIZ X > CTEMEE NS T3
%, —J. Form A [Z[R] UJ5 M OMEHESH CHERL 7273, Form C & Form H (%, MAfESH
D] & N5l &2 lis LTz, Form A 2> 5 Form H ~O AR IE, B A+ T IR
TEBH DAL Z BN EET D > T2, CS-023 73 F13/K3F L DKFAREE A BER T 5 &
Form HZHAFE AIRE CTdo > 72, Form B 2NIBFNIAKZ WA L. Z DO/KDMETEH D2 IZH

BIREERI-TEEZOBND,
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BOE  AhEim

IR I D% < (TG OTRE CRRR SN D, Bk el fRE D P TR ILERD O
BEMICEE T T2, ZOHENXRICEERIETH D, KL TIL, K,
fhipm AR, BRSO AR L BERI T e SRS, B-T 7 X LG A FF O LS
R LRPUAEWE CS-023 2T /MbEW e U TERTEIE L 2 ORBRIC O W TRF LT
fEREE LD,

%2 BT, ETKEED D OWAEEHTIC X 2 KTk s O BG4 ik iz, % O
B 4 KFfuftss (Form H) #5372, Form HIZEZEME L THEHL TWD EF 2 b,
LU, KICEE L 72 CS-023 DINKR IR FE LW Z &3 binoTz, £ Z T, FormH %
ZEANILE T 2 SATIEICOW TR LTz, 80 vIv%e™ &/ — /L % HI To BRI AT &
RATAER ., B R EEAAE L. 52 =% 7 —)b 12 KFnWfhsh (Form A) 235 b,
BRI S5 2 L1k b, FormH 28325 Z L loih LT,

% 3 B TIE, Form A OZLERRBUENRIES LD =% ) — VA O #iH 2 IR E T 5
7212, 70 VW% LA F D Z ) — VR CE BT 237 7o, Ln L, Uit L iz
WL CHLNIRE T, =& ) —L L KIC X D RBEFIAR R & R E T & 72 & D [
WHolz, TIZ T, RiFBIOHBEEITHOARNT, MITREICRE L £ EOHK S
2N T XAFREFT I L DR E DR EZRS T, ETORE. 70 vl TO = X
J VIR T L7/ @ (X Form A L 872 5 1 =% / — /L 3K Ffbd (Form C)
ThdZ ENbhotz, —JT, Form A (T4 / —LKIRIEH THRLERTHY . %
ER R BEE RN RFES LD =& ) — VAR DFIFA SN2 E BB b & e o T, KIER
Form C Z 57 272012, KERT TEROEE T T2 & Z A, CS-023 DINKSiF
XHET B2 E D D Form CIIKIEIR TR & IZ Form HIZZE LT 2 Z L binoTtz,
WA, SRR R & BT IR S ST B 2 2 5B DWW CREMIC RS L. Form

C ZMERICROES D IR 2N LT,
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%5 4 = TIX, Form C 25 FormH Z BT 2 HiEa MGt L. R Z 0 S 22V EEERR
C Form C 75 Form H # B335 Z LICI Lz, ZOHEICRY | KRS T
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MBI O A 7 = XA OWTHRE L7, BEREEMRITICREI L. 3 2DOZE,
Form A, H, C Of§@EIE, T CHEREH DK ST, 7272 L, Form A
ITIRFESH AT 2 49 T3[R UM & IS A 7EREE T 2 A3, Form C & Form H I3 7>
FINRIR DM E IR AW ATEHEE Th 5T, TILHEEDD Form C 75 Form H ~
DEEBII R E R E LN o =¥ ) — L LK EBEHDD Z L TR T TEDHN,
Form A 7> 5 Form H ~D#5f% (3 Form A OESES DAERL Sy 173 —FI{E X 12 180 FERI#EA

DRERBANBETH Y ZOHFORERIZIIKFERENEE TH D LRI,

LIED X ST, RBFFETIIME 2 oot Fik At ot 2 &Ik - T CS-023 %
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& BR DT, AR THWEEMHEEEE Z I 5223 5 kT IUHBICEERY)
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HRfS A 1 = XML, 01 VoL T OB 2 BT 5 72O O 5% ORFSEIZ D03 %

EEZABND,
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