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2HBA.: 2-hydroxybenzoic acid

2,ADHBA: 2,4-dihydroxybenzoic acid

2,5DHBA: 2,5-dihydroxybenzoic acid

3HBA: 3-hydroxybenzoic acid

4HBA: 4-hydroxybenzoic acid

ASD amorphous solid dispersion

AUC.n area under the serum concentration — time curve between 0 hr and 8 hr
BA bioavailability

BCS biopharmaceutics classification system

BE bioequivalence

Ce eutectic point

Crax maximum drug concentration

Cu transition point

CLZ cilostazol

[CLZ]ey eutectic point of cilostazol

[coformer]e, eutectic point of coformer

GRAS generally recognized as safe

AHp, enthalpy of melting

AHgo enthalpy of solution

M jet-milled

K the binding constant for the complex formation of drug/coformer in solution
Keu eutectic constant

Ksp solubility product

LAG liquid assisted grinding

MRT.gh mean residence time between 0 hr and 8 hr

PXRD powder X-ray diffraction

Scc solubility of cilostazol cocrystal

Scc-2.4DHBA solubility of cilostazol/2,4-dihydroxybenzoic acid cocrystal
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Scc-25pHBA
Scc.arBa
Sdrug

SGF

tmax

Ty

XRD

solubility of cilostazol/2,5-dihydroxybenzoic acid cocrystal
solubility of cilostazol/4-hydroxybenzoic acid cocrystal
solubility of cilostazol

simulated gastric fluid

maximum drug concentration time

glass temperature

X-ray diffraction
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PEEHSEL 2 AT DM RIS H Y, U BRI LS ORIG I L Tnb, £
7o, IR E OB AW AR EE (Bioavailability, UL T BA &) &l KERHE
R 2 LBNEETH Y, ZBUIEY ORI & FEF MO HRITEE LTI
TRDPEZRNWED Lo TS, ZOFEEE L LT Figure 1-1 (27”779 Biopharmaceutics
Classification System (BCS) 2M2R SN TRV Y, WML & BB IEIEIC X - TR % /588
3% BCSIE, AIEEICHIT 2LEMOFHiEREEL LTI SN 5721 T2 <, 2000 i
I3 FDA 77 A % > 22T BAIBE BRIZI51F % biowaiver DFFE L L THIAIEM SN T
W5 3, 2010 4EICHER SNTZA ST L D &, IR OB A ORINE S35 X
T, Em SR OK 40%, KOR&D /31 77 A 21T 5 I 80~90%78 BSC
Class Il £721% IV O{bAP L @E STV D (Table1-1) ¥,

Do 1 10 100 1000 10000
A Class | Class Il
High solubility Low solubility

High permeability High permeability

Class Il Class IV
High solubili.ty Low solubility
Low permeability Low permeability

Permeability — intestinal absorption

—_3
-

Solubility — dissolution across the physiological pH range

Figure 1-1. The Biopharmaceutics Classification System (BCS) of drugs according to intestinal
absorption and oral administration parameters. High/Low solubility is defined with reference
to the Dose number, Do, which is the ratio of the highest drug strength in the administered

volume (taken as 250 mL = a glass of water).”



Table 1-1. Low solubility drugs in the market and in the R&D pipeline according to the

Biopharmaceutics Classification System (BCS) *

BCS solubility permeability % drugs on % drugs in R&D
class market pipeline
I high high 35 5-10
I low high 30 60-70
" high low 25 5-10
v low low 10 10-20

LB O R, £ ORMUEEICET 2 ERERSND L9122,
JFSE OB, FESE B BAR, HE, Cocrystal O X 9 7e AR FIESTEFRITHFFE S 4L
T& 2, TNENORMGETIE LAY OWEALFAIMEE IS U T2 b 0 258iR
THIENEETHY, IREMEOEWEAY ClE Lipid-based formulation & L Cakitd
% Z & TR R A KRS S S W7 0 50, fRBEEL Ok S LA oS A I3
ELTRET D 2 & TRV A R bl ST Y, E, THIER
B ARG BUR T @ R RUGE N R & IS PE D R NI E2 R T A% < i S
THEH D, HAKEH LA ORMUEETIEE U OURKIEA SN TE R, —5T, b
HARRBIZ I 1T 2B = 2 L F —iRiEIE s <, MR LR ZEMEICRERN H D 2 &
HEIHALTNS B % LT, HX° Cocrystal @ L 95 732 fE S AKI I B L 190 28 C
BB —AN%L Y, RO I BD & PR L O FEEE O Coformer (2 & - Tig
EEN 5 Cocrystal IZFIEFIZHEHTHD Z L2ve, 2000 £ S HEAfEMAALAE Y D
Cocrystal FFZEA NS 5 & RIRFIZ, TEARME0RE ORI O UGB T RS L 7= 61 & 2450
HER T 1019,

Cocrystal |ZHEE D ORI D FHiEmDZ & ThH, FFICEHELD
Cocrystal TiZ, FIE (AP1) K OWINAIN D 22 5B AR &2 R4 2 & A%\, Figure 1-2
(VB % G Ty T s OG22 R 37203, JRFE 72 B R ClE(f)IZ R~ 7™ Cocrystal Ottt
12, (©)RL(NZ R TIRBEFNY) (hydrate/solvate), M ONe)IZdHE (salt) HEFEEIL D,
Cocrystal DRSO HT, TEVERSY & 72 2 IEIESM LG LIS O 531X, Coformer,
Cocrystal former, %7213 Guest & FEIEAL, R FRIOFMAAEH OHIZA A kGG 0MF
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1E L2V il % Cocrystal & L CTEFR L TWA O, Z0E&IC L 5 &, AF# (hydrate)
SOVAEFIY (solvate) ¢ Cocrystal [IZBT 5 2 &2/ 208, — 7 Tk i 2 k4
50 FRNEIRCEEO L DIZRET H Z & % Cocrystal DEFEE L CTHRET Dam L H
HERTND D,

(a) E %
(e) ()

Eh Neutral API
@ Water/solvent

‘ Charged API
- Counter ion

. Cocrystal
former

Drug Discovery Today

Figure 1-2. The range of single crystalline forms that are possible for an API: (a) pure API; (b)
polymorph of pure API; (c) clathrate hydrate/solvate of API; (d) hydrate/solvate of API; (e) salt

of API; (f) pharmaceutical cocrystal. Salts and cocrystals can also form hydrates, solvates, and

21)

polymorphs.



KGR A S TAIZK S U7z Cilostazol (B5h4 7L % —)L, LLF CLZ &7R”T)
(A LSRR 2 £F 5 P/ MR & L CRIs Sz v 2, Figure 1-3 12T
K D I2oy TS iR L & 57 72> BCS Class Il DLEMTH % 2, Bramer H DA
LB L, 50mgiEEat MBI LD CLZ O Mg EE 7 a7 7 A )L O R Tk

(AUC) 1F% /) — /VESIRIZ % LT 13% & Wi S TR0 2, RV KEFRIEL R 0k
INDBEEL 72> TS Z LRI D, CLZ 13 1980 HARITH— D5y fffdh & L CH
FHINTNDN, CLZ DILFEEDHFIZT b T Y — R HIVAR AT UL b o 7ok FEfE
BN S N DB 2 ETel- D, Cocrystal DFEHELC L 2 O WRIN Ot 2 4% L THFSE
Z Bt L7,

N._O
N—N
N\ »\/\A
N O

Cilostazol (CLZ)
Molecular weight : 369.47

Figure 1-3. Chemical structure of CLZ.

ARFFED B9, HHAMRMSEY TH 5 CLZ O Cocrystal K12 X 2 & D WRINM: ok
ELELET, B2ETIAZ V=0 VRET L VRS HR Sz N e % o2 55
FHER & 0 Cocrystal FRELTE K T QI FHOMEE OFE, 5 3 CTlke Fr¥k v
R EHBFHEIRON B RMEARIZ K 0 R S D CLZ cocrystal O ERFHED M & in
vivo % PRI M & OBRIRMEZGR U 5. 35 4 B CIEE 3 BT TH b2 & 72 o o iR D
$L72 % CLZ cocrystal ODOIRAFEE & ifafn & o BRM A REI 35 & 361, menfniiliE 2
HAY L L7=RFgRICBE L CHlE T 5,
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28 b oo BERRFEER L O CLZ cocrystal DOFHEL & = DWELERY

P DR

HL WS

Cocrystal ?FE#L (213 Evaporation 7% 2%, Slurry # %27, Grinding 1% %239, KT Melt
FEWRL, BEICHNDL ODRE SN TVER, ERAZ Y == 71TBIT 5 AL —
Ty b, BIETEMCBT B a2, 27 —LT v FhREZHET S L,
Slurry IER IR BIASILHESN TV S

Slurry 1£1334) & Cocrystal & ORfEEZZFIH L CTHE SIS RFIETHY, b
B T O KL O Coformer DVEREE L, R SN 2 ) OBIREE & O BRI 22
BIDZENEEL D, TNHUS, FHTIRRAZ V== TERBED X O I — DM
THRE 21T 2 HAaICiE, RS- LT 72 Aiic Cocrystal 235 S v 7q
WHHEME S B 2 B IF D,

Grinding I IXEAMBIGIZ & o> TR EZ AR ST D FIETH DN, TOERA T =

AIZiE, Grinding OEEEIC L 250 Ik, e, FESEIREBZ R H L7
Cocrystallization 72 D7 ¥ 22 & A TS O, kIR FIETH L OO,
1822121 Piroxicam & %cf# > Carboxylic acid & ¢ Cocrystal B35\ C, IEIEE Tl
R E 7)o 7z Cocrystal 23 Grinding 12 THERR SN2 6] b STV 5 D) IT4E Tl
Grinding iED X 572 A 7 & I N TR FE L Slurry YEICRE VD KD 7R s A %
radnfS & fL 7 & 7= Liquid Assisted Grinding % (DL F LAG &7”797) biEsh TR
h B3 h B OV A RREE L LRI % 2 & T THEE 04 b & B RIS
FiEE LTHA SN TS, LAG EITxt4 & 72 % Coformer Z i IEIZ AR S & 2 B2
RNT L (Mg & VRAREE & ORI A KIS T D LB ZRN),  Cocrystal JERRIC B EE R
Solute---Solute f1 A % #3535 Solute---Solvent R E/EAMNHIR S5 Z L7 En b,
)iV Y Coformer C Cocrystal TR 2SI T& % 39, FZERIC, Slurry 15 TIERERR S /e
~7- Cocrystal DZTE S LAG HEIC THROLNT-FHI L H 0 2, FrloEREE TS
DR FEEZEENIERHT A2 ZENEETHL EE X DD,

CLZ T, @EICH VAR B, BfE, 7 3/ Bi/2 L 61 ffiod Coformer 54 & Cocrystal
WRAZ Y —=27% Slurry {E T3 L 7=#%23H V , & DT 4-Hydroxybenzoic acid
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& DAY T Cocrystal DHERSNZEERH DY, Zok 5% FuXF v REEFRIX
WEIZDH Caffeine & D Cocrystal XA HER SN TER Y, KBEOBBRMEICL > TR
RAHFER NNy XU T ERETHI L HBEINTVS P, b Fu XU ZRBERRIT Cocrystal
R LBV DHDKBRFET— V= A LTV &3, HBRRE 25
BRMEEER (v MEER) bEIFTE 5%, A% T Figure 2-1 IR TREFRE -
Tt FeX v REBFMFEMREZ SR L LT Cocrystal MR 2 EfE4 5 L Itiz, £Z
T DHALD CLZ cocrystal DB FROME K& U sa & O FFAM 2 3R A 7=,

OH
OH
OH 0
OH OH

Benzoic acid 2-Hydroxybenzoic acid 3-Hydroxybenzoic acid
M, :122.12 (Salicylic acid) M, - 138.12
M :138.12

OH OH OH
HO
HO HO OH OH
4-Hydroxybenzoic acid  2,4-Dihydroxybenzoic acid  2,5-Dihydroxybenzoic acid

M, :138.12 M, :154.12 (Gentisic acid)
M, :154.12

Figure 2-1. Chemical structures of benzoic acid and hydroxybenzoic anid derivatives.
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CLZ IZ KRB AS . (JE) IS TEK - I niony ~— IVRER K &
M L7z, Coformer OfiEfifis L CREH L7, ZEFBEITE Fr ¥ o ZEFBRFHEERD
9 5, Benzoic acid, 4-Hydroxybenzoic acid (2L 4HBA & 7=:797), 2,4-Dihydroxybenzoic acid

(LL'F 2,4DHBA L 7x), 2-5-Dihydroxybenzoic acid (%114 Gentisic acid, UL T 2,5DHBA
ERT) IFFOGHEE TR S (KIR) OFFfhia3E%, 2-Hydroxybenzoic acid (5144
Salicylic acid, LT 2HBA E7R9) 1 EBIRLFHEASH CGER) O#E/ L —F%&, &
U 3-Hydroxybenzoic acid (LLF 3HBA L7Rd) 1370 7 A 7 2 7kt ) o
T L— R L, FEaEEIARSBURORRE Tl L7 Hypromellose (type 2910,
grade TC-5E) 118 TEMXSHE R oz, ZOfoRIEITFILMZE
TEEMRAS (K ORE T L— FEEH LT,

1. LAG (2 X % CLZ cocrystal O FHR T

Figure 2-2 TR TR 7 v —TfE > THRFT L7z, AT U LAY % —(2400mg D CLZ
ZRELL, CLZIZH L TbZE &k T Ll 722 L9 I & L7z Coformer 1%, EH
£Z10mm DAT U L AR—/LEHEA LT 30 R IR IRETZ, IBE6%, 99.5%T ¥
/—/v% 50 uL %, Retsch £t (Germany) @ X &4 — /L MM 2000 % ]\ T 25 Hz
DR & 9 BT 60 R 2 320t L 72, 15 DIV iioR 13 40 °C T 12 hr 2250 L
7



CLZ Coformer Solvent, 99.5% Ethanol

Manually o
Stainless jar Mixing Grinding
0.5 min 60 min Vacuum
Stainless ball _} _} drying
(10 mm) Vibrational 40 °C, 12 hr
frequency
25 Hz

Figure 2-2. The preparation flow of the CLZ cocrystals by Liquid Assisted Grinding (LAG)

method.

2. Slurry ¥£(Z X % CLZ cocrystal O FR kR

Figure 2-3 |Z/R TR 7 o — |29 > THRET L7z, Slurry #5 Tl Cocrystal D58 2 g
SHB7=OIZHENMNT 5 Coformer # & L7=, S0mL OF T ARLEILEIZ 4.0g D CLZ
ZFEL, CLZIZxf L T{LF &L T 12 £72 % X 5 IZFF & L7z Coformer MM % T,
99.5%T % ) —)VEIIZT & b2 40mL FINL TRESHL, IRES|H LMD T
A =R TR Z ke L7z, 150 /-l %5 1186 L TREZEIL, 40°C T 12
hr BZERefR L7,

Coformer cLz
~—

Stirred until Z Stirred

dissolved (suspension) ;{ﬁcutl_lm

~ i iltration
30 ~ 60 min 7 days Vacuum
’ drying
[— 40 °C,12 hr

L Solvent , Ethanol or Acetone

Figure 2-3. The preparation flow of the CLZ cocrystals by Slurry method.
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3. Spray-Drying %12 & % CLZ-4HBA cocrystal M OV & B [ {445 HiofAs o i il

Spray-Drying JEZEFH 3 2RI 7 aw X 2 2 L 99.5% T & ) — /L % {KFELE 80:20
TIRAEG LRI A 65 Uz, Table 2-1 1R 3 FEALA CRRBNALBLICBFRAM L, 2
7L —R7 A Y — GB-22 (¥~ MRFEHEASA, a0 #HWT, fAXIRE 80 °C, f4
SUE R 0.40~0.45 mifhr, BEHEE 10 g/min DStk TR LT, 15O NS EE R
140 °C T 12 hr 225z L CEIN L7z,

Table 2-1. The formulas of CLZ cocrystal and amorphous solid dispersion prepared by

spray-drying
SD formula CLZSD-01 CLZSD-02 CLZSD-03
CLz 509 50¢g 50¢g
4HBA 199¢ --- 199¢
Hypromellose, TC-5E 10.0¢g 10.0¢g
CH,CI, / EtOH (80:20, v/v) 200 mL 200 mL 200 mL

mixed solvent

4. Powder X-ray Diffraction (PXRD)

PANalytical 1: (The Netherlands) ¢ X’ Pert PRO MPD |2 CF = — 7 FBJE K OVEF M
Z 45 kV KT 40 mA I TN EIEGE LTt Lz, JIEIE 20 & LT 30 5 400 D#iPR
T, 0.04° O step Y AT 1.905 step/s 7 E THE g L7,

5. )RR O FEAT

TA Instruments t1: (Newcastle, DE) ¢ DSC Q2000 (2T, 3-6 mg O#BrY > 7L % )
XT NI = LRI, 7 U 7 L2 IREE T 50 mL/min O CTEENX—T LT
2641 F ¢ 5 °C/min O 1R E T LT,

6. 7~ oir
Kaiser Optical Systems - (Ann Arbor, MI) @ L —#—J & 785 nm & MR-Probe-785

$Efi X 717= Raman WorkStation-785 (Z CakliRt- o 7' /L & 54 L 7=,

11



BB (SEM)
A F—x X (KR OEFBMEE VE-7800 2 W CRlEt OBl A 8122 L7z,

8. CLZ cocrystal single cocrystal %4
At AEERRAT O 7= 6 @ Single crystal O FH%LIE, Cocrystal (25 U T FRCIZRT 45 4 Ji

Bl 72 S CHESL L 7=, CLZ-4HBA single cocrystal i%, 100 mg ¢ CLZ } 0" 374 mg @ 4HBA

(CLZ Ik LTI BT 1:10) Z220mL O 7 & M ICAEfEL, 0.2um DY vy
7 4 VA — Tl L TR CTFRE L 7z, CLZ-2,4DHBA single cocrystal (%, 100 mg @ CLZ
J 18834 mg @ 24DHBA (CLZ (7t L CLF 3L T 1:20) % 20mL D7 & kTR
fiEL, 0.2um DY T 7 4 & — Tl L C=EIR CHfii&E L7z, CLZ-2,5DHBAsingle
cocrystal (%, 409 @ CLZ & 16.7g ® 25DHBA (CLZ IZx%f L C{b¥&Eimbt T 1:10) %
20mL D7 & M AL, 70 °C FCHNEA L Tl & CIEM L RIS

o), BIRFETHALT02um OV Y7 4L X —"TlEi LT 30~40 °C THE L7,
CLZ-3HBA single cocrystal (%, 1.0g ® CLZ & 7.5g ® 3HBA (CLZ IZxF L T{bF &bt
T1:20) 220mL DA X /7 —/VIZEINL, 70 °C E TMELL Cilbfa R £ CH&M L CR
Wiy Zate), REFTHHLT02um DY V7 4 L X —TClfil L= #%ICER
THFHE L2, WTNOFARSEAETE 1~2 mm £ O Single crystal 23658 X5 & ChE
L7,

9. Single-crystal X-ray Diffraction
B &4Y 72 (B0 @ RAXIS RAPID diffractometer % V2 C, RAPID-AUTO T
HIE A FEhi L=, 5 5Hh7=TF — %1% Direct method (SHELXT®") & 77—V =ik
Tha b S 2 it L, ISR TORMEERT/ N A — 213 CrystalStructure
crystallographic software package & SHELXL®\Z k- TEH L 7=,

12



03 HI  FEERRIR M OB
1 b No o2 BEMEHEAR%EZ H iz Cocrystal A7 U —=27

LAG ¥£ ) O Slurry #5121 W CLZ cocrystal OFASR G 2306 L, 155 7= D
PXRD /3% — o % 5l L 7= % 4 Table 2-2 (127”7, LAGIEIC TR SN2 6 FED O b,
Benzoic acid ¥ 72 1% 2HBA & ZLEE L 7= Complex |& CLZ [& A @ PXRD v°— 2 %7~ L, 3HBA,
4HBA, 2,4DHBA, } U*25DHBA & 4LEE L 7= Complex (% CLZ K O Coformer H2k & %
#7207 PXRD ™% — 2 OEAL R S iz (Figure 2-4), %t LC, Slurry £ Ti% 99.5%
TH )=V ROT R b AREPIC TR &AL 25, 4HBA XU 2,4ADHBA Tl
IEFEIC K &3 PXRD /3% — 0 OZ{LAF8D b7z, 3HBA KT 2,5DHBA Tl LAG ik
TRD HIIZ PXRD ™2 — ZBAGITRO G, CLZOE L TH D Z & AR S 7,
Slurry %12 8 % 3HBA & OFERETH —#8 CLZ H12k D PXRD /N — U 3R HiL T
BY, LAG LD A CLZ cocrystal % X Vg )A < PRI TX D AlHEMEN R ST,

Table 2-2. PXRD pattern of CLZ/coformer substances

Coformer LAG method Slurry in Ethanol Slurry in Acetone
Benzoic acid Drug + Coformer Drug Drug

2HBA Drug + Coformer Drug Drug

3HBA PXRD pattern changed Drug Drug

4HBA PXRD pattern changed PXRD pattern changed PXRD pattern changed
2,4ADHBA PXRD pattern changed PXRD pattern changed PXRD pattern changed
2,5DHBA PXRD pattern changed Drug Drug

13



CLz

CLZ/Benzoic acid I/
complex

CLZ/2HBA complex |

CLZ/3HBA complex x/

Intensity

CLZ/2,4ADHBA complex /
A

CLZ/2,5DHBA complex /

/R U W

.

CLZ/4HBA complex |/ * H '
VOV W

CL.z

CLZ crystal
A

0 S 10 15

20 25 30 35

Position [° 2 theta]

Figure 2-4. The PXRD patterns of CLZ/coformer complexes prepared by LAG method. The

closed arrows indicate the specific peaks of CLZ crystal. The open arrows indicate that the

PXRD peaks don’t correspond to those of CLZ crystal.



LAG 7£1Z2°C PXRD /3% — AL F8 8 H AV ARk (Cocrystal & HEE) % XF5RIZEL
FIF IR Z B L, Figure 2-5 (2 DSC v — I, Table 2-3 [t (Melting point) &
U'ElfiZL\E  (Enthalpy of melting, AH,) % 7~”¥°, CLZ-4HBA cocrystal Tl&@l s CLZ &
IZIERFEEE D 161.5°C TH - 7-DIZ%t L, CLZ-2,4DHBA cocrystal Tl 152.6 °C,
CLZ-3HBA cocrystal & OF CLZ-2,5DHBA cocrystal CTlXZ 4141 132.2°C, 120.1°C &KW
Bz~ L7-, &% Cocrystal (ZffiAZA&E@ Y, CLZ & Coformer & 2MbiF&Edmbt 1.1 THE
FRENTWD EREL, @igEE (Umol) XiBE0HAE 2552 *), Cocrystal DE /L
AR ) 2 mol #H & L CHA%L L 7=, CLZ-3HBA cocrystal & CLZ-2,5DHBA cocrystal
X274 32.2 J/mol, 29.3 J/mol & CLZ ¢ 51.0 J/mol & b U TR IRV MEZ /R LT,
CLZ-4HBA cocrystal % U8 CLZ-2,4DHBA cocrystal T % Z41Z 41 36.5 J/mol, 34.4 J/mol &
BRI <, MR IS LB e = R L F — X CLZ £V BV 2 &V RIB STz,

Figure 2-6 {213 LAG 7412 T PXRD /X% — DAL RFRD Sk d SEM EH %
T, 20 um FREE DN~ — I JVALEE CLZ %, LAG IZ L > T bk um FEEIC £
THEBEITLTWD Z E DR Sz,

15



Melting point of

CLZ-3HBA cocrystal CLZ crystal

y

-5 1 CLZ-4HBA cocrystal

g 10 1 ¢Lz-2,4DHBA cocrystal
3 15 - o
2 CLZ-2,5DHBA cocrystal
T 20 -
g '
cLz
25
=30 -
40 60 80 100 120 140 160

Temperature (°C)

Figure 2-5. The DSC curves of CLZ crystal and cocrystals prepared by LAG. The dashed line
indicates the melting point of CLZ crystal (159.7 °C).

Table 2-3. Melting points and enthalpy values for CLZ crystal and cocrystals prepared by LAG

Substance CLZ CLZ CLZ CLZ CLZ
-3HBA -4HBA -24ADHBA  -2,5DHBA  crystal
cocrystal cocrystal cocrystal cocrystal
(LAG) (LAG) (LAG) (LAG)

Melting point (°C) 132.2 161.5 152.6 120.1 159.7

Enthalpy of melting  32.2 36.5 344 293 51.0

AHy, (kJ/mol)?

? The enthalpy of melting for cocrystals is normalized by moles of component molecules (drug

+ coformer) per mole of cocrystal.
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a. CLZ-3H BA cocrystal (3000x) ! b. CLZ-4HBA cocrystal (3000x) i
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C. CLZ-2 4DHBA cocrystal (3000x) '
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Figure 2-6. SEM images of CLZ cocrystals prepared by LAG method and CLZ hammer-milled.
(a) represents CLZ-3HBA cocrystal, (b) represents CLZ-4HBA cocrystal, (¢) represents
CLZ-2,4ADHBA cocrystal, and (d) represents CLZ-2,5DHBA cocrystal.
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%5 2 IH CLZ-4HBA cocrystal O FFSLER R & WAL 2ROV O FEAfh

PXRD /X% — » OEAL DT D HiL7e CLZ-4HBA cocrystal (23T, LAG %, Slurry
BRI L DA Z T, 2 UL 72\ Dry grinding 725 &% OF Spray-Drying 1512 X %
A & O PXRD /X% — > O ki % Figure 2-7 (27~ Slurry 15 OV LAG 15Tl
Cocrystal 13k & HEE X315 200 £1T D PXRD B — 7 23MilEd8 S #u7=, Dry grinding % Tl
e D HELTITAEVRE S VIR S, 16° RTOR23° 130D CLZ RO B — 7 Z7R Lo
b, FEEEALOEITIC L D PXRD /3% — > D —{b)SHERR S 7=, Spray-Drying %
(2 X DMK TIALBRIE % TIIFEREARICFE D e — "2 — SRR S, 40°C
7SR 1213 Cocrystal H1K & HEl X415 PXRD /3% — 2y 7 b3 DA DS HERR &
iz,

| )
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CcL.z
4HBA
CLZ

©
—
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O
o

Slurry in Acetone

S

i, P |

Dry grinding
without solvent

LN
N

LAG with ethanol A,AA’AA/ n

Spray-Drying,
(before vacuum drying)
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Spray-Drying /
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Figure 2-7. PXRD patterns of CLZ-4HBA cocrystals or CLZ/4HBA complexes. The open
arrows indicate the specific PXRD peak of CLZ-4HBA cocrystal (around 20°), and the closed
arrows indicate the specific PXRD peaks of CLZ crystal (around 16° and 23°).
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Figure 2-8 {21 Slurry 7%, LAG %, K O Spray-Drying {512 CTai#d L 7= CLZ-4HBA
cocrystal D 7~ o HTRE R AR, WIS Cocrystal Z7RIET 5 T~ v 7 R SR
S L3z, 1250 cm™ (15T D CLZ MR ORI 22 B — 7 ARSI T 5 Z L DR S
720 LAG 1} O Spray-Drying i Tl & A EFERILD T~ > AT RV ERTDIZH L,
Slurry HEIC L 2B TIX CLZ B3RO B — 7 NI R & <, RGO CLZ #%< &
T2 ENRBEINTZ LD, BBBA YV —=2 ZIZRIH L7z Slurry ORISR T
RHoTHY, HKE{LOLEMENRYE S 172, Spray-Drying 15 Tix CLZ DFEAFITRED
2N DD, Figure 2-7 12351F % PXRD B — 7 M99 < , FEMERAED CLZ V& £
ATV D AIREMEDS R S U7-, Figure 2-9 (2”7 &L 942, FESLEIREEN S Cocrystal (%
ZIER) ~OEBINTIREM DT T AR Ty BB L TEBY, T T TIIARRER
IEAEIRBE A MERF Lo W — T, T d 2 WIEZ L B OWREE S TIRER E -~
DEEBNHETT LoF < 725 04 BRI Spray-Drying £12 T 40 °C TEZE@ 45 = &
TIEMEIRIEN S Cocrystal ~#EfT L7 Z &5, CLZ/4AHBA complex D 57 AHLE S
TglX=EIRNS 40°C FHTlZdH D b D EHER S5, Figure 2-10 (21% CLZ crystal LT
CLZ-4HBA cocrystal D Ty DSC F ¥ — k=323, A Sz Wi s 30~40
OC FHIEIZH T ABEREIZEE D DSC B —7 > 7 F3alh B 7= (CLZ crystal @ T, 1349 33 °C,
CLZ-4HBA cocrystal @ T, 3/ 36 °C IZffERB S 4172) o

Dry grinding ¥5(2 T =R TERIMLEL X 7= 4B © [RIAE O B2 IR CHE AL ERIRBE SR &
NTWbHHOEHLEIND, —J7T, LEOFRENTIME Lz LAG IETIXFRSGMET
Cocrystal {23 L7z, FEEEARASDOKLEEEED UHINL FT¥ERIVER Z /£ L Cocrystal 1t
EHDLWE DD LD P, LAGIETIET X /) — /L O BURINAMIER 72 VE LA
SMZH Tg& FIF 2R E2 R L2 &b Cocrystal (LS HEATZ—IK & LTEXHNDD
Liviauy,
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CLZ-4HBA cocrystal
(Slurry in acetone)

CLZ-4HBA cocrystal
(LAG)

CLZ-4HBA cocrystal
(Spray-Drying)

Intensity

4HBA
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Figure 2-8. In situ Raman data of CLZ-4HBA cocrystals prepared by Slurry, LAG, and

Spray-Drying and raw mterials. The closed arrow indicates the specific peak of CLZ crystal.
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Figure 2-9. Gibbs free enthalpy curve for crystal (stable), liquid (metastable) and glass. Paths

1 and 2 correspond to conventional and solid state vitrification paths respectively.*?

o

=)

o
'l

-0.15 -

Heat flow (W/g)

-0.25 e o e
0 20 40 60 80
Temperature (°C)

Figure 2-10. DSC curves of CLZ crystal and CLZ-4HBA cocrystal around glass temperature, 7.
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%5 3IH CLZ cocrystal Ot i it

LAG 7% C PXRD /X% — U Z8{b D38 S 4U7= 4 FiD CLZ cocrystal {ZBH LC, Slurry 75
TORRILM 552, £ Eh Single crystal F55LZwE L= 2R R LT,
CLZ-2,5DHBA cocrystal [34R5E A7 U —=1 7 ® Slurry ERERSA: TIIER S e o
7S, WAL TS 5 2 & TRIMAES T Z L 2 R L, IRESRMFOFE &3k
|2 Single crystal DRI % Th L 7=, Figure 2-11-1, Figure 2-11-2, Figure 2-11-3, & O® Figure
2-11-4 121%, LAGIEIZ X VG 6N T-A AW & Single crystal & D XRD /3% — > D L

T, WTILH XRD XZ — 0 O—ED R I, LAG IE Tl L7244 & Single
crystal [Z[F]—ifidh T D Z & VR S fv7z (Hfs SRS AR TR TORIE D=0,
LS DR A 52T CTHRE RS - OGS AE S [T A ORI R XU ITEED H5v%), Table

AT IIRE SR SR RO — #, Figure 2-12-1 }2 OY Figure 2-12-2 |2 130 S & g 1
B Iy ¥ 7O—fErd, Wb CLZ & Coformer & 23 &kl
1:1 THERL S 415 Cocrystal T 5 Z & 23 S 4172, CLZ-3HBA cocrystal, CLZ-4HBA
cocrystal, U CLZ-2,4ADHBA cocrystal |33 DG gL/ Ny F 2 7 2R LTEBY, CLZD
T RIS NVERKT I ER Rax U ZEFBRO I NVERX T (N---HO-C), B/LAR
AFVNVERT I ReXx o ZRFBRO VAT L (NH---0=C), BT/
RAF VU NDANER=NHL e Fu kL BEBRO /N TALFETIEA 2 AKERE

(C=0---HO-C) & ® 3 D FrD/KFEREE DR I IL7z, Figure 2-4 ® PXRD THEHLID
NY =R LTEY, ZORRNS GERBOMMRE T2 % T& 5, CLZ-2,5DHBA
cocrystal |Ifth 3 fli & 1T B A5 MEEZA L TR, CLZDOT h 7Y —/VHET I &
2,5DHBA D A Z fii/KEEH (N---HO-C), CLZ DI /NVKRAF VIV FREH VR =) H &
2,5DHBA D1 VAR 2V (C=0---HO-C) &2VKkFEMEGZA L, HIZIZCLZ DAL
NAFVIVEREED 2 3 FHCTKBEREZ AL TV D 2 LR ST,

Figure 2-12-1, }2 O Figure 2-12-2 |2 X % & (ZE & kLo Figure S1, Figure S2, Figure S3,
S Of Figure S4 1253 F-BLA) 2N » % > 7 %2 504) , CLZ-3HBA cocrystal, CLZ-4HBA cocrystal,
J% Y CLZ-2,ADHBA cocrystal Dt (2% L C, CLZ-2,5DHBA cocrystal Ti3/KERE &
LI <, TV AT U VIFEBR OB S O F FEREED © - FHELVEFT O AT RENE
HEZLNDHT, HEAIREZR M/ Ny F 2 72 A LTS AR bR ST,
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CLZ-3HBA single cocrystal

Intensity

1 CLZ-3HBA cocrystal (LAG)
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Position [° 2 theta]

Figure 2-11-1. XRD patterns of CLZ-3HBA cocrystal and single cocrystal.

CLZ-4HBA single cocrystal

Intensity

CLZ-4HBA cocrystal (LAG)

----—-r—rTrr T r -t TS TrTTrTrrrDreTTm
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Figure 2-11-2. XRD patterns of CLZ-4HBA cocrystal and single cocrystal.
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CLZ-2,4DHBA single cocrystal

| bl

CLZ-2,4DHBA cocrystal (LAG)

3wl

0 5 10 15 20 25 30 35 40
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Figure 2-11-3. XRD patterns of CLZ-2,4DHBA cocrystal and single cocrystal.

CLZ-2,5DHBA single cocrystal

Intensity

0 5 10 15 20 25 30 35 40
Position [° 2 theta]

Figure 2-11-4. XRD patterns of CLZ-2,5DHBA cocrystal and single cocrystal.

25



Table 2-4. Crystallographic data for cocrystals

Substance CLZ-3HBA CLZ-4HBA CLZ-2,4ADHBA CLZ-2,5DHBA
cocrystal cocrystal cocrystal cocrystal

Formula C0H27N50, CoH27N50, CaH27Ns0, CyoH27N50,
-C7Hg05 -C7Hg05 -C7Hs0,4 -C7Hs0,

Formula weight 507.59 507.59 523.59 523.59

Crystal system monoclinic monoclinic monoclinic triclinic

Space group P2,/n P2,/n P2,/c P-1

a(A) 10.3531(4) 10.0087(3) 9.8623(3) 6.5572(4)

b (A) 12.2095(4) 12.2329(4) 12.2726(5) 8.0563(6)

c(A) 20.1329(8) 20.8433(6) 21.4036(7) 25.5616(16)

a (deg) 90 90 90 89.046(6)

$ (deg) 101.129(7) 101.939(7) 103.442(7) 83.991(6)

y (deg) 90 90 90 73.082(5)

V(A% 2497.07(17) 2496.76(15) 2519.66(17) 1284.67(15)

z 4 4 4 2

Dear (g-cm™®) 1.350 1.350 1.380 1.353

w (mm™) 9.47 9.47 9.90 9.71

F(000) 1080 1080 1112 556

260 max (deg) 55 55 55 55

Reflections collected 23772 23710 21465 12384

Independent 5697, 0.0410 5697, 0.0319 5735, 0.0400 5859, 0.0365

reflections, Riy

Ry (1>2.00 o(1)) 0.0417 0.0377 0.0420 0.0557

R (all reflections) 0.0626 0.0541 0.0649 0.0787

WR; (all reflections)  0.0943 0.0919 0.0960 0.1422

Apmass Apmin @A) 0.27,-0.23 0.33,-0.21 0.31,-0.24 0.34, —0.30
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>

Figure 2-12-1. Fragments of the crystal structures of CLZ cocrystals.

H-bond interactions are
represented as dashed lines. (a) represents CLZ-3HBA cocrystal, and (b) represents
CLZ-4HBA cocrystal.
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Figure 2-12-2. Fragments of the crystal structures of CLZ cocrystals.

H-bond interactions are
represented as dashed lines.

(c) represents CLZ-2,4DHBA cocrystal, and (d) represents
CLZz-2,5DHBA cocrystal.
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HATH b RoFx 22 BEROBLAIZ L% CLZ co-amorphous 5% &t & WERAYZE EME~D
DIES

—IRINZ, FEREE RSB N LR REERE <, BELENICA R
ETHDZ ENMBNTND ) CLZ crystal d Tyl13#9 33°C LK<, CLZ HATIX
FEEREIRTED & CLZ crystal ~DF 5 7225135 2 Hivi-, —J5C, Figure 2-7 IZ86\\C,
Spray-Drying #:(2 CF#L X #17- CLZ/AHBA complex FESME 1322 E ik T 5 CLZ crystal
~DOLEH YD HUELE S TH D CLZ-4HBA cocrystal ~DZEHNEI T 5 2 &b, S
HIRAETSH CLZ & 4HBA & DKFEHEIZHE D EA R EAER A E L TS b0 LoR
[ g0

% 2T CLZ & 4HBA & OS2 K ARG G D B B 53 AR o Wy AL 52 22 /e
\Z B B % B RIREME 2 MEE L 7=, Figure 2-13 (214 FR 5B A 2y #1235 1) 5 40
°C F 7213 60 °C 4T 2 IR E L 72BEdD PXRD /3% — 2t % 7~k§°, CLZ/TC-5E O
B FE AR BEARIZBNT, BIARHT N — X% — 2 ZRTH 00, 60°C T 2 HRE
B35 Z LT CLZerystal RO E— 7 3 Siu7z, xF LT, 4HBA ZELA L7-FEd
B EASHUATIL 60°C ST % CLZ crystal ~Difi Slisf 11z S e o 7=,
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Figure 2-13. PXRD patterns of Spray-Dried powders consisting of CLZ. Below pattern,
middle pattern, and upper pattern in each graph represent the initial powder, the powder stored
for 2 weeks at 40 °C in a glass vial, and the powder stored for 2 weeks at 60 °C in a glass vial,

respectively. The dashed lines represent the specific peaks of CLZ crystal.
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Figure 2-14 2133k E B Ay 8k~ 4HBA OELEIZHE D DSC F v — FOE{L &R
9, AHBAEAIZEAD LT, WIFN b 7 RAEBA T,25 40 °C fHEIZiBO bh, 1FEA
EEWNIARW, LAL, BE ERICHEV 4HBA 28 £ 22 W IERERE A5 Bk Tt 140 °C
fHEIZ CLZ OFfERLIC L 2 RAE— 7 BRRO LN H DT L, 4HBA ZEA L7123
mE EESEETIIEERIEAIE S D Z PR S, #IZ, CLZ & 4HBA I
co-amorphous® 0 kX 5 IZIREBEIRIETH > THAERRAEZ MR L THBY, CLZ ¥
BMEOHRBRLIZIZOAFEBRICL > TRELSN TS L BRI,

0.00 - Recrystallization of
CLZ in amorphous
1 CLZ/TC~SE. ASD solid dispersion
-0.20 -
5, | P CLameggeae
S 040 41  UVRAHBA pon TTTTeee-el
3 .
T -0.60 -
[
I -
-0.80 - Melting point of
recrystallized
: CLZ:156.2°C
-1.00

0 20 40 60 8;) 1(;0 12.0 14.'0 16.0 18.0
Temperature (°C)
Figure 2-14. DSC curves of Spray-dried powders consisting of CLZ. The solid line represents
DSC curve of CLZ amorphous solid dispersion (CLZ-ASD), and the dashed line represents that
of CLZ-ASD containing 4HBA. The open arrow indicates the exothermic peak of

recrystallization of CLZ in the amorphous solid dispersion. The closed arrow indicates the

melting point of recrystallized CLZ in the amorphous solid dispersion (156.2 °C).
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FAE /NS

CLZ L b N L LZEEMFBEMARL O Cocrystal A7 J—=0 7 ZFEfE Lzt 25,
LAG {£12C 3HBA, 4HBA, 2,4DHBA, K Tf2,5DHBA @ 4 ffid> Coformer & O#HAH T
PXRD /3% — AL ERE S 4L, b EfET 20 5 Wi bk Eam bk 1:1 @ Cocrystal
DR MR X T=, Slurry 5Tl 3HBA, 4HBA, K O 2,4DHBA @ Coformer & MfH
A TR D Cocrystal DIZER2NFR® B 117-, Spray-Drying 14 Tld— W IEA EIRAE 2 f% i
L C CLZ-4HBA cocrystal Z k3 % Z & M3 R S, CLZ/4AHBA complex @ T,(30~40 °C)
UL EDOIRERRE CIE, FESEIRIED S Cocrystal 284 N A3 /RI2 X 417, CLZ cocrystal
IIME R EME D BAFCTH Y, CLZ-4HBA cocrystal (3 60 °C 2 JE &% T Cocrystal %
MEFF 25 2 LR STz, b LT, FRANEE RS A 60 °C T CLZ crystal ~0DZE#t
DHERR S NTo, T OIESE EARSHAR L Coformer (4HBA) ZELAT 25 2 & THEEAZE
EMENRM BTS2 Enn, FEREIRIETYH CLZ-4HBA KFEFEAIZ L Y CLZ crystal DA
BAMH S D b o LI,

I, RECTHERAZ )V —=v 7 Lk Rax o ZREMRHFEERD 5B, 2HBA &
721 Benzoic acid TIZW LD 5T Cocrystal DFEKITRD HhenwZ &, Pk Ko
X U2 BEMTY Cocrystal Z 5 Z & 226, CLZcocrystal ICEALCULFD Z &3
EBETE,
@ Coformer DB FEIZD 72 & 2 DML EOKFERATE—T = b OKEBEEE-1X
ANRFINE) BHTDHT L,
Q@ KEBIEIIANTALETNIAZAIRETH Y, AV MITIE Ny ¥ T 2R CX
AR
@ 7212 L, ANINLETATA ZNAKIEEEZ A L TOIUT AV MLOKEEEET
Cocrystal JTERLDFEFITIZ2 B 7220y CLERBREEF 2> TV DHERTIEZR WD),
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H3WE b NeX R REEMHEAROAMERMERIC L > TR S D CLZ
cocrystal DOVRREFED R & in vivo 7% W IE & o BRI

HL WS

Cocrystal O HMHIZAIEE TIZHH U728 TH D0, [EHEMHHEE LT Cocrystal B
JatEn 5 BT, S5 Coformer DZEMEERITYRER SN D, EFKMBAFET
f# -4~ % Coformer O33R 1E, —f% 121X GRAS (Generally Recognized As Safe®, FDA)
OWHIERNSE L SNDZERZV I REA7 J—=v 7T Lz FuF oz
BEMFHEMRITNT IS GRAS [T ST e b D0, B, “ONLIERRIR
DEEANET — & B ZFCE KA L Lo Coformer 4l & L CRIF S T 5,

Cocrystal D Pa¥EALAFSEIL 2004 420D Almarsson & Zaworotko DR 0% & - /2
WL, WIRYGERN R & B L EME 2 B RO RA AT & L TIIFETHZ < Obf
FENTR I TWD, HTH Cocrystal DIEfEUE BT DS 1TFFICRE R Y = A
k&2 B DA, FD%<L L Cocrystal (Coformer &V & & de) ot OAFEFE (M, FE
B B AR BUAZR ) Lo invitro I H 7 8 7 7 A )L O M2 LLEARFE TS U, Cocrystal
DERRARRE O SE HIFHEHRSC in vivo #8 HRIE & o BIERIE D BARIZRTZHE A TV 220,

% ZCARFETIE, 4HBA, 2,4DHBA, }UN25DHBA @ 3FfidD b Fu ¥ 2 B&WMD
NEEFMERZ x5 & LT, CLZ cocrystal DIEFRFFEIC 5 2 2 B %2 i35 & 412, in
vivo #% R & DOBIMRMEE RGET D 2 & & LTz, Table3-1 IR X912, xgé Lz
Coformer |Z/KFE I D EHANL &2 J - CTHEA OUFRE 4 7~7, Cocrystal & L TOERERF
P Coformer DYRFREE L FARIT MM H D Z L *), HEElD Coformer TR S
% Cocrystal T HIREFFEN R0 D Z ERNHERI S LD, 2, HFED Coformer |2 &
> TR S = F—3 D Cocrystal 1235\ T, Coformer DAL FLHIME 2 - T,
TIENE A OWIRFFECEEEE, AR R0 b G Sh v g o9,
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Table 3-1. The solubility and pK, of coformers

Coformer 4HBA 2,4ADHBA 2,5DHBA
Solubility at 25 °C (mg/mL) 4.9° 6.0° 22°
pK, 4.53° 3.22° 2.93°

I 54)

% extracted from the study report of M. Dymicky et al. ® extracted from the study report of K.

| 55)

Herzog et al. .59

¢ extracted from the study report of G. Kortiim et al.

Y extracted from “the handbook of pharmaceutical salts properties, selection, and use %"

CLZ cocrystal OV fig KL 3VR AR EERT Ky TR L 72, CLZ & Coformer & A3Mb5
R 11 T Cocrystal 2T 5 2 & 0D, WAREERE Ky, 12 Coformer £ D%k & CLZ
DIRfRE & D7 1w b2y Equation 1 Z W THEETE 5 %, Z 2T, Ky ldiwgEF T

® CLZ & Coformer & DS IEZRLIC FEATEMAERT,
CLZ); = Ksp KiK. Equation 1
[CLZ]y = Tcoformert, T furKsp (Equation 1)

F7-.Coformer & LTHEM L7zt Mk 2B EmHERITMMHEL 2T 2@ s
WG, TR pH PNy 7R A L RSk k%, Table 3-1 12 I3&fiE K
72X VZREEBO pK, BTN, KEBENZ T L pK MRV AR I N D, I
fTHTa b EBENMET T 5L Coformer DA A IR pK, 2 5535
WZHEIN L, AUV Cocrystal DFEFREE L pH O L K& < 321, IR ITREERIC
BN 2 399, EERIED BAF e CLZ T NZ HH D ty 34 X T 120, & R T
2~2.5 hr' & FEl AR <, Mgl C o H PRI AS 1 X TH) 1.4 0™, & R TR 1.5 hr®?
CIEIFT LW EEEBET DL L, BRRED X O 2 M pH &IHCB U DI MRFFE O
MAEEL 25 & B R BILD MUTANIZE T, iR EEFE Ky 13 pH1.2 @ Simulated Gastric
Fluid (LLF SGF &7-9) ([ CalMlid 5 2 & & L7z, BeME pH §fF Tl Coformer (X131E
SFIRICIE(ET 5 L &2 b T2, Equation 1 I TR SN K, & Ky 2 Vs
S 5 EHBERE, CLZ & Coformer & 2MEZEERbE 11 T/RENDEMR L DA
7% Cocrystal DYAMREE & BT X % %), Cocrystal DEEAREE DS CLZ DYAMREE (b~ THExt
BN EmWIER, HWLEMToH D Cocrystal [ ZENAOTA HFRER 235U C—RepY Zeid A Fnie
AR ZENRRIND, BT, WHREBRICIIT 2 MR E M CLZ DVEREE 5t
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9% Cocrystal VAR OMx LR & BRIENRH D LD EHMESINDH -0, KETIEZD
BIGRMEZ B 5 MZ 95 Z & T, It O i i O'BA D Fc KAL D 7= 912, Hei 722 Coformer
BIROTZD D RN 2T HZEHHAE LTV,
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BREUEL L O 7 ik
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&

28 HE
Bl E
CLZ TR ASH (FER) IS TR - kS vio v~ — IV R 2 i
L7, CLZ OIESE E AR (LR CLZ-ASD & 7”$) 1455 2 T Spray-Drying %
[Z TSl L 7= CLZSD-02 Z i L7z, Coformer & L Cffifl L 7=, 4-Hydroxybenzoic acid
(LLF 4HBA Lt7r7), 2,4-Dihydroxybenzoic acid (VLT 2,4DHBA & 7~9),

2-5-Dihydroxybenzoic acid (/4 Gentisic acid, LT 2,5DHBA &7~7) 3 2 TR LT-
I L— FEEH L7, BT L7z Hypromellose (type 2910, grade TC-5E)
IHE-TERASH R oz, [U EHRBRIC I T i A
L7-%L## (Pharmatose 200M) % DFE Pharma Ltd. (Goch, Germany) 7>, BVE#EK /-
A B2 (Aerosil 200) X AART = v P URAatt O Mot shiz, £ oMMmoalEE
IR TR At ORBR) Of 7 L — Rl L7z,

1. Slurry ¥£12 & % CLZ cocrystal oL
B2 B ORISR S u7- Cocrystal @ 9 5, CLZ-4HBA cocrystal,

CLZ-2,4ADHBAcocrystal, M O CLZ-2,5DHBA cocrystal @™ 3 fi% xf5: & LC, Figure 3-1
(R TIERL 7 v — 20t > Tk %2 fiifk L T Cocrystal 2458 LU7=, BAKAYIZIE, CLZ
Z10g fFE L, 4HBA £ 7213 24DHBA % CLZ IZxf L {b%F&Eimbtt T 12 L7225 X9
(S LTZT ' b A0mLICHIIN L TR L, IRE SRR LG 7 HRAER T
JLER % fikfe L C Cocrystal Z F58L L 7=, 2,5DHBA & @ Cocrystal |Z Coformer 72 23 =0
FETORELND T2, BLERLLFIORT FETHM Lz, CLZ%Z 10g &L,
2,5DHBA % CLZ IZxt L b Eambt T 1116 & 722 £ 5 \CWff - oo L7z (Rafniafin
FEEBZ TR 7' b 15mLIZHL, 40°C ORESMGCTHEAB LN S 7 HIE
SLEE % fikfoe L C Cocrystal ZA5HL U7z, 15 O 72 BB 3 s g L Tl A R L,
40 °C “C 12 hr 78Rz M5 L C4-F Cocrystal % 157-,
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< . . .
Stirred until Stirred
dissolved (suspension) ;{Iatcutl_jm
~ i iltration
30 ~ 60 min 7 days Vacuum
2,5DHBA is not % - o ’ drycl,ng
— completely 0 40 °C, 12 hr

L dissolved.
Solvent , Acetone

Figure 3-1. The preparation flow of CLZ cocrystals by Slurry method.

2. Powder and Single-crystal X-ray Diffraction
F2EIORTHELRRICOIT L.

3. B RV RRE O FFATG
2 BRI HEL AR L.

4. BLEES AR BIE

SEMUEFHRAStt Z#) © v —Y —RIHFrzChEE SR HIELE SALD-30007 % A
WTC CLZ JRAEDRLEE /347 2 JIE L7z, CLZ 1% 1% Hypromellose K¥EEIZ 2.5 mg/mL &
725 X HITREB B L CHIEY 7 E Lz, CLZ cocrystal (X FFDO ML Cocrystal %
BHilEd 5 7-91Z, &4 x5 L 725 Coformer % /il 2 7= Hypromellose 7K VAR TR L 7=,
BRRIZIX, CLZ-4HBA cocrystal (% 0.1% 4HBA % & ¢ 1% Hypromellose /K¥A#R,
CLZ-2.4DHBA cocrystal | 0.1% 2.4DHBA % & %¢ 1% Hypromellose /K&, CLZ-2.5DHBA
cocrystal I% 0.25% 2.5DHBA % & ¢ 0.5% Hypromellose /KIFiEIZ, THEH CLZ &£ LT
25mgmL L7225 X ) ICBEB LB L THEY I vE Lz, BIEIERT HIBEREAR &
L TiE, CLZ-4HBA cocrystal Tl 0.1% 4HBA /K¥&#, CLZ-2,4DHBA cocrystal Tl 0.1%
2.4DHBA /K¥&iE, K O CLZ-2,5DHBA cocrystal Tl 0.5% 2,5SDHBA /K&K & = EhfE
AL,
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5. WHEFEERE Z R U 7= CLZ cocrystal O EMiafifE o 2

AHFFETIL SGF TOWIRIERE Ky ZH L, 55 1 HilC T/n L72F 15T CLZ cocrystal
O SHFRMRE 2 B L7z, Table 2-1 (277§ 4F& Coformer DA 42312, 4HBA I
B L Ti%0.2-4.0 mg/mL, 2,4DHBA (2B L TiZ 0.3-8.0 mg/mL, 2,5DHBA (2B L Tix
0.4-10.0 mg/mL D#iPH DY E T SGF IZHiR S, 454 @ coformer (Zxf/ind % CLZ
cocrystal Z faFniAfR Ll & 72 % 1 5 1T L7z 20 mL O 43§k % 37 °C Dl T
1Hz DEE T4 AR E 9 STz, iRE O SETIREIRIE, k% PXRD (2 THrd
HEST, 0.2um DT 4V EZ—TAi LIz A% HPLC IZTERE LT,

6. ¥R

BEAKMEEZH T 5 CLZ R OV HERBRIC I 1T 23N 3 A T 72012, FLbE &%
BEK T A WA & 4911 TRE LIRAEREHWT, 3B 7 uce L TE R
T4 ERINZ CTHANIES L=, 1% Hypromellose % & #» SGF %2 100 mL 4yEt L, &ik
FE % 37+1 °C CHEFF S H 7=, PR3 500 rpm & L, RERFEYH 1L 5mg, 10 mg,
F 721350 mg THHFRER A FhE Lo, BRGNS ED X A L7 n 7T 5T 1~2mL
FTOhL TV T L, 0.2um DT 4 )V H—TAHiE L TAHIR%E HPLC IZTER LT,

7.HPLC |2 &L % CLZ REDE &

Slurry JEIZTREL S 7172 Cocrystal O FE &, ST IFIE AR E & OV HERBR o 71
[Z81F % CLZ IREORIEIX 257 nm (2 & » b 47z UV R HHER 2 fiff 2 72 HPLC & 2 7 A
LC-2010C (SEEBfERT, HUER) 12 C3hE L7z, H#riciL C18 & 7 & (TSK gel ODS-80Ts,
4.6 mmi.d.x150 mm, Y —#RA=th, B0 2V, BEWHIZKIT B b= U A F
J—VIRAWE (10:7:3, viviv) % 1.5 mL/min TR L7=, WEMEERKIIN Y 7 =
Y 40 pg/mL EETA Y ) — VRSB mR 2 L, UBHAR &R T 11
ERDEDITRE L THIEY e L,
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8. B — 7 VKA R I O S

CLZ F721%% ® Cocrystal 1%, CLZ & L T 2.5 mg/mL #2E T 1% Hypromellose 7KI& ik
IR STk BR A AR B — 7 VR (IR 8- 12 kg) (2 100 mg /40 mL / body @ [
BORAKREGSE, HEICBTHIREHRIT 1 ER L L, &5 12 K L OS5
% 8 IFffIIf R S 7o, 72, B =7 A RIFEBEF CHLHOKIZEHRIZT 78 AT 50K
el L7z, By 7z o554, 0(pre-dose), 0.5 1, 2, 3, 4, 6, X(X8hrd
RERCCRITIERAR L 0 i o 7 v % 1~2mL B L, U v I AN ToHT & C-20 °C
TR LT,

9. IMiE+ CLZ BEDEE
& H > CLZ 1% OPC-3930 % WiBtE#E & L C, LC-MS-MS Quattro-Micro (Waters,

Milford) % F\WCER L7-, HPLC 7 L — K ® tert-butyl methyl ether % i\ CIfiEH >
7L 0.1mL 75 CLZ & OPC-3930 Z 4 L7412, AMIAIAZREELE L, A% /) —
JVIZKIR AR (50:50, viv) Z 0.2 mL Iz C iR S 872, 43H711213 Acquity UPLC BEH C18
717 2 (2.1x50 mm, 1.7 pm, Waters) ZfEH L, BEMFEIZIZAK/ T & =K U LIXEE

(50:50:0.1, v/iviv) % 0.25 mL/min TiE#g L7=, CLZ KT OPC-3930 /% Parent f 4> & L
T m/z370.5, Daughter £ 4> & LT m/z2725 ZFNEiH Lz, MEHRICBIT 5
YRR O L 213 10~5000 ng/mL & U, AEVERIK O Z B R E0E 0.1~20.0% D L o P Tax

E LT,

10. PK /3T A — & DSt

In vivo PK /X7 A — % X WinNonlin (version 6.4, Pharsight, Mountain View, CA) % H\»
M U7z, CLZ Mg iR EE — FFE s T g (AUC) & i (MRT) 13 0~8
hr DFEFH THERAKIC L7edS > TR Lz, CLZ DR KIMIETIREZ Crax, € DIFD
RFH & toax & EFE LT, PK 2NT X —Z OFfEEHENT I Microsoft Excel Z VYT Dunnett’s
REIC L > TEM L-, HEEOHZEIT p-value 73 0.05 LL T & L7=,
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i SRR R R OB R
T Slurry 12 TR & 72 CLZ Cocrystal O#FAL 2 A9ME O FEA

&
r—\ oo

RSB & il L 7= Slurry 512 T B 47z CLZ-4HBA cocrystal, CLZ-2,4DHBA
cocrystal, & T CLZ-2,5DHBA cocrystal ™ & & 2 % Table 3-2 12779, WAL E 95~100%
D EBARER DML S I, REUED CLZ KON Coformer Z1F & A EEER2NT LR S
U7z, CLZ cocrystal ® PXRD »~% — >~ % Figure 3-2-1, Figure 3-2-2, } UX Figure 3-2-3 |
NIRRT, WTAo Cocrystal T, CLZ K O Coformer Hi3k & & 72 5 PXRD /34
— > %7~ L, Single cocrystal CHERS = 417z Figure 2-11-2, Figure 2-11-3, X OF Figure 2-11-4
EENENFR—D XRD ¥ — v &7 d 2 LR Sz,

Table 3-3 |Z1X DSC 1T K » TH LN B FH/NT A —Z ZR"$, Slurry {E TR S
#17= Cocrystal (%, Table 2-3 |27~ L7z LAG J£IZ T H 4172 Cocrystal OHIEREF & 121

I LVMEDHER S, BHEICE I MBI S WD LRI E N, 22T, BEARRKIC
BT 2[R DU L 1 XA BV R AHo Z RIREN R AH,, & RIS & 723 2 & TR DT
RHTES Y,

Inxkiet, =~
m

(Equation 2)

ZIT, X IFREDOENAGER, T TEAHEE, RITKMEEREZ =T, Table3-31213E)
)T — % L Equation 2 |2 X o CHEI SN2 EMRE 2 G bHCRd, Figure 2-12-2 |ZoR
9~ CLZ-2,5DHBA cocrystal Ol sk SEMEHT 20 1%, AR E 2 it i Sy % 0 72
LHATREMEZ R L7223, DSC 7 — & )b, Rl OFEEVE 1345 12{K <, Cocrystal ™
fEPRA% - D58 T (Strength of crystal lattice™) 13KV 2 & HEE Shuiz, EERIC, B
K7 — & BRI & D IR 1T CLZ-2,5DHBA cocrystal Tz & i\, B 121%, 2,5DHBA
1% Table 3-1 |27k~ K D ITIAMEE 23 = <, Cocrystal %5y Dfi#gf (Solvation of cocrystal
component') HHELRLT N L HEE ST, AR OB & Cocrystal 54y O fiREfE
1%, Cocrystal DIEMEE ZRET 5 ECTEER Y 77 4 —Th 0 ™, %I CLZ-2,5DHBA
cocrystal [XVAFRE N EW T LN Z OFERN S BRI Tz, FEmiEE) DITEE D KFE
AL - AZ XU TWRBENTZ DD, fEREFOBELIZVNTLE ) 74
T, EBLMNEFAEI R F VIR U CHFRBR A A TRIFNOKEERZ HT 5
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Wi1& L DR D I DG ORI RE B L WD LY I2R 2%, Z O Coformer
Doy 1A% Cocrystal DFERL /> 0 V7 ORENIZEHES L TEBY, WIS FRON &
M HIKBEFERML TN AT O TRESEE DN R L BT 72 D Z ERNEHE ST,

Table 3-2. Assay data of CLZ cocrystals prepared by Slurry method

Substance CLZ-4HBA cocrystal CLZ-2,4DHBA CLZ-2,5DHBA
cocrystal cocrystal
Assay (%) 95.1 98.7 96.3
] —CLZ
eoooo4 0w T 4HBA
> 7 —CLZ-4HBA
= . cocrystal (Slurr
2 40000 - ystal (Slurry)
8 J
E o
20000 -
0

0 5 10 15 20 25 30 35 40
Position [° 2 theta]

Figure 3-2-1. PXRD patterns of CLZ-4HBA cocrystal and raw materials.
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50000 -
. —CLZ

400004 e 2,4DHBA
cocrystal (Slurry)

Position [° 2 theta]

Figure 3-2-2. PXRD patterns of CLZ-2,4ADHBA cocrystal and raw materials.

—CLZ
------- 2,5DHBA

60000 A
] ——CLZ-2,5DHBA
cocrystal (Slurry)

Intensity

Position [° 2 theta]

Figure 3-2-3. PXRD patterns of CLZ-2,5DHBA cocrystal and raw materials.
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Table 3-3. Melting points and enthalpy values for cocrystals and host crystal.

Substance CLZ-4HBA CLZ-2,4ADHBA CLZ-2,5DHBA CLZ crystal
cocrystal cocrystal cocrystal

Melting point (°C)  161.7 152.9 120.6 159.7

Enthalpy of melting 415 35.6 27.1 51.0

AH,, (kd/mol)?

Predicted solubility 2.4 4.7 10.1

# The enthalpy of melting for cocrystals is normalized by moles of component molecules (drug
+ coformer) per mole of cocrystal.

® The ratio of the calculated solubility of CLZ cocrystals to CLZ crystal from Equation 2.

Slurry 12 THHL L 7= CLZ cocrystal ™ SEM B.EL % Figure 3-3, KiJ& 434 % Figure 3-4
(2579, CLZ IZ%F LT, W0 CLZ cocrystal & 1 ZIEHLL Ok F£8% 7~ L, CLZ ® 50%
BLF-£820.2 pm (Z%F L, CLZ-4HBA cocrystal Ti% 21.4 um, CLZ-2,4DHBA cocrystal TlX
21.9 um, CLZ-2,5DHBA cocrystal Tl 22.1 um T& - 7=, CLZ-2,5DHBA cocrystal (% Slurry
15T ORERREE R OREEE DS @\ T2, okifG i & MRS 2NMRIE L TR Y, T r— 722
BLE AT 29 2 & DR STz,
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b. CLZ-2,4ADHBA cocrystal (500x)

N J e
500% 2000} WU:Z?;‘./Snm- JT\} 2‘0|7g01/0 16:23:54

HBA cocry

» 5

Figure 3-3. SEM images of CLZ cocrystals prepared by Slurry method. (a) CLZ-4HBA
cocrystal, (b) represents CLZ-2,4ADHBA cocrystal, (c) represents CLZ-2,SDHBA cocrystal, and

(d) represents CLZ hammer-milled.
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100

S 80 f

>

(&)

o

s 60 |

4

E: a0 | =t~ CLZ-4HBA cocrystal
= —%-CLZ-2,4ADHBA cocrystal
g 20 -&—CLZ-2,5DHBA cocrystal
=1

o

«+Q+ CLZ hammer-milled

0 20 40 60 80 100
Particle diameter (pm)

Figure 3-4. Particle size distribution of CLZ cocrystals and hammer-milled CLZ.
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92 R O R S VI R O R

Coformer 2% D572 5 SGF (245 4 @ CLZ cocrystal Zf3fniEfE Ciz, TDOLED
CLZ D Y-Afiriafi i 2 7 L, 478 Coformer YR FE DO W34 5 CLZ ¥ ###SE % Figure 3-5
o Fay b Lz, 22T, REBRY LTV THRD b HILEGE 2 PXRD 98T LT
Cocrystal & L CRER SN b ODHE T 1y MM L, Coformer & 5\ & CLZ Hi3k
Th oY 7 VT2 ZTEERS L7z, WThud Cocrystal T % &V OHBAGRE 2 7R~
FTEAXTIHLELTE, Equation 1 & FV TR K, 36 K OVEIKH T OEA KRS
PO REAER Ky 22N ENEH L, #5E% Table 3-4 12”3, IR COBEARIERLO
fE A E &7 Ky 13 CLZ-4HBA cocrystal, CLZ-2,4DHBA cocrystal, &% O* CLZ-2,5DHBA
cocrystal ZHE4, 28.0 M7, 144M?, KOR6.0MI THY, WEOHRELHELTHE
WMEZRTZ &5 %, CLZIdE R ¥ U2 BFIRFER & Solute---Solute FH B 1E %
B 09D\ RIS NT-, RFIZ CLZ-4HBA cocrystal Tl Ky 23 b W72, 55 2
BOH 4 H TR LT IERERRE COMIL AL EIEIC bR N S D & RIRHC, TRk
RECHEDHINCIR A TR SN D M BRI X - T, CLZ D ifidb b E ~D—
EOEHRIE ST,
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0.020 -

y = 0.0836x + 0.0012
_ o R? = 0.9999
= %
£ 0.015 {y=0.4668x + 0.0028 *
N R*=0.9781 e
o %
“6 ’I’ ""
c 0.010 {4 %
) ; jo _.-="" y=0.0357x + 0.001
S ! R? = 0.9999
£ O
o 0.005 ﬁ a| .@ OCLZ-4HBA cocrystal
3 E'd o DCLZ-2,4DHBA cocrystal
o ACLZ-2,5DHBA cocrystal
0.000 : . ' '
0.0 0.1 0.2 0.3 0.4

1/[coformer] (mM-)

Figure 3-5. CLZ concentration in equilibrium with cocrystals in SGF at 37 °C as a function of
the inverse coformer concentration. The approximately linear equations, y=ax-+b, and the

. . 2 .
correlation coefficients, R°, are expressed in the figure.

Table 3-4. The calculated solubility product, K. and the solution complexation constant, Kj;. in

SGEF.
Substance CLZ-4HBA CLZ-24DHBA CLZ-2,5SDHBA
cocrystal cocrystal cocrystal
Solubility product K, (M?) 3.6x10° 8.4x10°® 4.7x107
Complexation constant Ky ™M) 280 14.4 6.0
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S BHIZ Ky & Ky ZHWT Figure 3-6 (R T ERmEMEMREZREH L2L 25, WT
D Cocrystal T¥ CLZ (ZHATEWEAEEE#R%Z 7~ L7z, Cocrystal D¥AAREE ghij & 1k
F B T CLZ & Coformer 7% 1:1 T/RE N A EMR & DIHRD Cocrystal DIEAREE L LT
BHIh5, BEH Sz Cocrystal DYEAEE X CLZ 1Zx LT, CLZ-4HBA cocrystal THJ
9.5 i, CLZ-2.4ADHBA cocrystal T#J 14.5 £, CLZ-2.5DHBA cocrystal TH)J 34.3 fiF D fF
BEERPREI T, Cocrystal DIEFREE IR X 41D Coformer DIFFREE & /3T L VTR
HEMBRH D EMESNTEY ¥, KB THEMERM»SEH &= Cocrystal DIEHFE
B Table 3-1 |27~ Coformer DEAEE DFFF (2,5DHBA > 2.4DHBA > 4HBA) & 68
HERENZ L AR SNz, 7z, Table 3-2 OBAFEHT —F b FRIS N B VERRE &
b—HLTEY, R FT R X — L ERER» D RN S NI FEEREII T VL
REMAH D H D ETFRI T,

1.0

s 0.8 -

E

N

O 06 -

e

(]

c

0

T 04 -

c

(]

Q

c

S 02 -

L CLZ
oo 6455000000000t RRRRRRRASSSSEEIERGRRERARR

0.0 0.2 0.4 0.6 0.8 1.0
Concentration of coformer (mM)

Figure 3-6. The calculated cocrystal solubilities as a function of coformer concentration. The
solubilities of cocrystals, Scc, are expressed as the intersection with the stoichiometric

concentration line.
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%5 3TH CLZ cocrystal D& HIFRER & Mlryasfit i & o BIfRME

Slurry £ T3 H 4172 3 FE D Cocrystal 1ZW 341 E 50%HRL 7373 20 um F2EETH D, CLZ
N = INVFELIZTHUTH D, b Fe X ZBEFROME LK%z Coformer &
TEEF S T4 HE Cocrystal | ZENVEHER OFEMEZ R L TR Y, HITEHRERIZ
B DB~ DB LMD 2 & TR & ORRMIEEZMEEST 5 2 & & Lz, #R
RICIL SGF 2 L, CLZ ITBAaFRREICH 1T 5 i b3 L <RV Z & BT Rk
RBERNTWZ72 %, Cocrystal OB EIFI % Fifet S 5 720 DA & LT Hypromellose
ZRBRRIC 1%7E % CHAIEME L CiRBR L7, Hypromellose I3/ S b O PHE 22N 5
THY M, —RERAAR ORI IEF AR CTH D Z LA SN D, B O
FRBRAS F U3 Figure 3-7-1 & O Figure 3-7-2 (2R3, W LD RERS:A}: T H 4T D Cocrystal
T CLZ IZHe_TE b fafnz R Lz, & HIZBLBREN Z L 121, AR O &V Cocrystal
(E E RS RAGICPE D TR TS <, B\ OISR 4 /-9 CLZ-2,5DHBA cocrystal T
I3l & bR LTz Lvilafafn AR L7z, —J57C, Cocrystal ®H Cld CLZ IZ%}3 2 fH %}
HOVARRE B 23Ky CLZ-4HBA cocrystal Cifafnns i & Frfoe 3 D E M 23RS S 4, TR
FERED & SR S a7 S AR FE & B ERBRIC d6 1T 2 D & XIS HRBE T2 2 & 3k
WEINT-, 7ok, CLZ-2,5DHBA cocrystal Cix CLZ #2350 pg/mL % 7213 100 ug/mL
DA TITRBRBAA I O — R 22 B AL D 3D E 2 B3O HAL TR,
CLZ-2,5DHBA cocrystal (& CLZ crystal (25§72 FHxf B 72 fif L 05 i/ <, bRl ¢
O RFTHISEIFIE (THD TR 2 E BRI S D, T, SR I EmR I L
o CRERZEREMRZG S I L (HEEEZMED 20b LRV, WIEHE I L
ThERALEEE 2SR 2 & TR AR Shiene Ex on ®, LT, CLZ #E
23 500 pg/mL D24 Tld CLZ-2,5DHBA cocrystal C & BIAA WA 1T D —FEI 22 ¥R HiST
H EN O BHER SNTZ, 2RI D Cocrystal Ki-FEE O fE - T, HHI7 %
G N U722 & TR OBFRREN B L2720 & B 2 b, kL 7 IRE O
B RE S IR DS B 230 13 CLZ-4HBA cocrystal 2 OY CLZ-2,4DHBA cocrystal ©
HEERICR SN TR Y, Z OB 72 a i LR R @ SRR ORI T 25 i 2
FTHRICH > T\ D, ZOMEAIE, s —REIS @O IRE CIRIET 5 2 & TR
(CEEFER B LA L, TS TRIEFR D CLZ BAERMIEED EF L7 LR
Eh 5, 72771, CLZ-4HBA cocrystal Tl 500 pg/mL DFEESAETE 100 pg/mL D
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JEGRME LT E A EED LRV mfaFHE A R LT %, CLZ-4HBA cocrystal |3k L5
7> 5 B S T TR EE 2550 70 pg/mL T Y, 100 pg/mL ¥ LLE Tid—EAgIC
fif C&E D CLZ IREEITHIBRA 22D, s, #H T 53 MR BR e < @fafni AR —iE
RREEICARTZ AL, FRE AR IL OTEIT AN HLIRHURRIR & 72 o> T D IReMENHER STz,
CLZ-4HBA cocrystal O a3 e & £ DM S, Z ORI OEREHZ L > TH 7z
HINTHY, BMELFIZHET2HABICR> TS EEZ 5.

a. Drug concentration 50 pg/mL

60 A -O-CLZ-4HBA cocrystal
-0-CLZ-2,4ADHBA cocrystal

- ——CLZ-2,5DHBA cocrystal
§ ——CLZ hammer-milled
2 40 -
=1
o
2
@
2 20 - —U
(a]
N— A Ay A
—o—o * ¢
0 L] L L] L L] L L] L L] L L] L) 1
0 20 40 60 80 100 120
Time (min)

Figure 3-7-1. The dissolution profiles of CLZ substances in SGF containing 1% Hypromellose
at 37 °C. The drug concentrations applied into the dissolution media are (a) 50 pg/mL. The

results are expressed as the mean with the bar as the S.D. (n=3).
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b. Drug concentration 100 pg/mL
60 -
a
£ -0-CLZ-4HBA cocrystal
2 40 1 —{-CLZ-2,4DHBA cocrystal
S ——CLZ-2,5DHBA cocrystal
% ——CLZ hammer-milled
(7]
2 20 -
(]
leoooo—0o—o * * -
O L] L] LJ L] LJ L] LJ L] LJ L] LJ 1
0 20 40 60 80 100 120
Time (min)
c. Drug concentration 500 pg/mL
60 A
'—l; -0-CLZ-4HBA cocrystal
Tg_) 40 - -0-CLZ-2,4DHBA cocrystal
%’ -&—CLZ-2,5DHBA cocrystal
= —o—CLZ hammer-milled
@
o 20 -
o
—7x A A
o0 0—0—0—¢ 4 2
0 u L] L) L] L) L] L) L] L) L] L) 1
0 20 40 60 80 100 120

Time (min)

Figure 3-7-2. The dissolution profiles of CLZ substances in SGF containing 1% Hypromellose
at 37 °C. The drug concentrations applied into the dissolution media are (b) 100 pg/mL and

(c) 500 pg/mL. The results are expressed as the mean with the bar as the S.D. (n=3).
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95 4TH  CLZcocrystal & FESEE B BUAR & OV HME D g

CLZ cocrystal & CLZ-ASD D& H i & Figure 3-8 (2753, CLZ-ASD (% CLZ cocrystal
DIEH TR 7 7 AV L5 Y, EHREBRIENCE L <@ CLZ RE 2Rt L72fRIC
W AR TN AR T L7z, CLZ-ASD 13 EEEREE T H 2 3l Gibbs H =3
LR —ITEOIRRBIC B 0 9, IR IR P I IV RN O ZERIC AT C— R fa fn 4
o T BTSRRI K > TRIEH~DEBP RSN Z 272 b D LR SN
%, FEREITEEERED Cocrystal [IZLITUWN 528, FESLE SEY) 7 Hypromellose &~ R U 7
AZRJERL LT D 2 & TREBMEE O X 5 28l bidmil Sh T 2 00
LL7auy,

100 -
- l -O-CLZ-4HBA cocrystal
80 1 -0-CLZ-2,4DHBA cocrystal
TEI -&—CLZ-2,5DHBA cocrystal
S 60 - -Xx-CLZ-ASD
=
gl
> 40
2 .
n
2
()
20 -
O n n n n n 1
0 10 20 30 40 50 60

Time (min)
Figure 3-8. The dissolution profiles of CLZ cocrystals and CLZ-ASD in SGF containing 1%

Hypromellose at 37 °C.  The drug concentrations applied into the dissolution media are 100

pg/mL. The results are expressed as the mean with the bar as the S.D. (n=3).
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W5IH bt — 2L R% V- CLZ cocrystal D 0 IPEDFEAT & in vitro IR HERERIC B
i BiEgafn & o BRI

A X OFE ARG Lo TR BT PK 3T A —2 L fjEH CLZBE T a7 7 4
/L% Table 3-5 }2 OF Figure 3-9 IZZNEAURT, fid & LT, WL Cocrystal TH
=3IV CLZIZK L THEICEWIILFIRE Y 7 7 7 A V%R L, Cra F T CLZ-4HBA
cocrystal i% 7.7 £, CLZ-2,4DHBA cocrystal % 3.2 {5, CLZ-2,5DHBA cocrystal i% 2.0 {&% &
<, AUCygptt T CLZ-4HBA cocrystal (% 7.1 %, CLZ-2,4DHBA cocrystal I % 3.1 fi%,
CLZ-2,5DHBA cocrystal I % 1.8 5@\ MEZ R L7z, F£72, BAORNOSEDFIT in vitro
WHRER S m <ML TRV, Wik b £ L7z CLZ-4HBA cocrystal Tl CLZ (T
XL THRICEW BA ZR- 4 —5 T, @O 27 b oomtafiiz L
CLZ-2,5DHBA cocrystal Ti3fEV» BA SN RICHE £ o7z,

CLZ-ASD T & #8 O WIME D SE D RS 41, CLZ 1K LT Chrax FE T 4.2 £%, AUCg
hHEC 4.2 fEEVWME 38 S 407z, CLZ-ASD (XA HRRERIC TR 72 a IR E 2 e b &
W2 & 23 Figure 3-8 L D ER SV TV D, £ D fT, CLZ crystal ~OFEfEE (L HE L <,
LN DO FEFpE 1L CLZ-4HBA cocrystal <2 CLZ-2,4DHBA cocrystal & Lb#id 2 & K< Zeuy,
Figure 3-9 @ in vivo iRBRFE 4 R CH, CLZ-4HBAccocrystal & bifed=2 & BA 3002
ETHY, IWHRRICEK T 2BafFHEEA invivo THLEREE/R T 7 7 X —L> T 5
ZLERLTWD, &AM, CLZ-2,ADHBA cocrystal & Fbiflgd% & CLZ-ASD 1345 T &
W BA ZoR L, BHEBRIC T Diafngie & 130 LER SRR S5, invitro
TIXPASHR TRBRIENE L T\ 5 72812, Cocrystal (25 £41% CLZ <X Coformer (X512 —
TEDOEIE THERF SN D DX L, invivo Tl CLZ <° Coformer XML& N T Sz
%, FRSOWLIY 2 £ - T2 LT 5, Figure 3-6 (27~ L 7= IR fRFE i 12 & 5 &, CLZ cocrystal
I Coformer JREEDZAGIZ VY, AR GEE) L CTELT 28 AE AL TS, DFED
IZ invivo "C% CLZ cocrystal OIRMEIE I ZTHILE I & BB 2L, AR 32 b
T 52 & TSRO Invitro BBRFE R L 13D LERNE TR ERoTo LRI LD,
#1Z, Cocrystal O X 5 e EFER D/ T —~ 2 A% L0 EEICEHE T 5 72 D121,
Absorption sink Z 9% & 9 72 invitro FEAER A LV E L TWDH EF A D0 Lz
[

53



Table 3-5. Pharmacokinetic parameters

Substance CLz CLz CLz CLz
2ADHBA  -25DHBA  hammer -ASD
cocrystal cocrystal -milled

Cinax 207445517 8694306 5474218 271469 1143184

AUCosh 7624+1636°  3384+1034°  1989+708 1080+414 4514+1082"

(ng/mL.hr)

trmax (D) 2.0+0.8 1.5+0.6 1.5+0.6 1.520.6

MRTog (hr) 2.9+0.7 2.8+0.3 3.0£0.5 3.1+0.4

Results are expressed as the mean+S.D. (n=4).

“p<0.01, 'p<0.05, compared to the corresponding parameters of the hammer-milled CLZ.
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Figure 3-9. Serum concentration - time profiles of CLZ cocrystals, CLZ-ASD, and CLZ hammer-milled after an oral administration at a dose of

100 mg/body into fasted beagle dogs. The results are expressed as the mean with the bar as the S.D. (n=4).
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%5 6 JH CLZ cocrystal DWEEH 2 &M D FEAM

3 BRSE IR OB L EME b IEF ICHE L 20D, FEERIS, F2ETRLE
CLZ/TC-5E FE LB [EHA /7 HLfA 1% 60 °C R4 12 T CLZ crystal ~DZEHL )RR S 417,
AIETIE 3D CLZ cocrystal DWFRAY 2 EME % 314l L 7=,

Figure 3-10-1 & OF Figure 3-10-2 (Z (% CLZ cocrystal ™ 40 °C %%}, 40 °C/75%RH B £f,
260 °C HERIRAE T 2 BRIRE T2 Z L12X D PXRD /8% — v DL &R,
CLZ-4HBA cocrystal &% U} CLZ-2,4DHBA cocrystal TIZW D5 TH PXRD /3% —
DOEALITERD b, WHNZEENmWZ LR ENTE, ®F LT, CLZ-2,5DHBA
cocrystal G 40 °C # £, 60 °C % TIL PXRD /X% — > OEAGITRD S0 DD,
40 °C/75%RH BREF 12T PXRD 735 — U ZB{E 3388 H LT,

a. CLZ-4HBA cocrystal
. 60 °C-2W M ﬂ M h ‘\
42\ o
> 40 °C/75%RH-2W 'ﬂ l ”\ " ‘\
% ] A A
=
1 40°c-2w | ) p\ " l\
initial B
0 5 10 15 20 25 30 35

Position [° 2 theta]

Figure 3-10-1. PXRD patterns of (a) CLZ-4HBA cocrystal. Below pattern, second pattern from
the bottom, third pattern from the bottom, and upper pattern in the graph represent the initial
powder, the powder stored for 2 weeks at 40 °C in a glass vial, the powder disclosed for 2 weeks

at 40 °C /75%RH, and the powder stored for 2 weeks at 60 °C in a glass vial, respectively.
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1 b. CLZ-2,4DHBA cocrystal
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Figure 3-10-2. PXRD patterns of (b) CLZ-2,4DHBA cocrystal and (c) CLZ-2,5DHBA cocrystal.
Below pattern, second pattern from the bottom, third pattern from the bottom, and upper pattern
in each graph represent the initial powder, the powder stored for 2 weeks at 40 °C in a glass vial,

the powder disclosed for 2 weeks at 40 °C /75%RH, and the powder stored for 2 weeks at 60 °C

in a glass vial, respectively.
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CLZ-2,5DHBA cocrystal @ 40 °C/75%RH BfE 54123517 5 PXRD /3% — /(% CLZ
crystal EADOE—27 &b —E LW, @iREESIETHE S K O IRtk s g bz,
% ZC, 40 °C/75%RH BHE 51T CLZ-2,5DHBA single cocrystal 2458 L, X-ray
diffraction |2 & » T Ok S O 2 587+ 7=, Figure 3-11 (21 40 °C/75%RH B £ 4%
TR BTz CLZ-2,5DHBA cocrystal &, FEELD S CEBIN K L 72 CLZ-2,5DHBA
single cocrystal & @ XRD /X% — > D274, fiFk e LTl O XRD /X% — 13—
B35 Z L DHERE S 7o, Figure 3-12 121 3AE A EMENTIC L 0 & S fbf Yy &
> 7 OB, Table 3-6 1Ak E FHIMENT T — % 2", 2 2 B Figure 2-12-2 |Z7R T
CLZ-2,5DHBA cocrystal & Ltz LC, CLZ DA NVRAF U VEkE I VR =LKk &
2,5DHBA D1 VAR F UV E ORINZKG R EERTEY (C=0---H-0---HO-C), &

ZDIKGFD—T7OIKFIA N MLDOKEEEEDWER T L KBRS 2> TnDd Z
ENHER SN T2 (HO-H---0-C), CLZ DB LR ZF VU VB FRIED 2 5 FRIKFEREE
KONCLZ DT ~ TV —/VEHKT I L 25DHBA O A X iiKlEE (N-"HO-C) & Dk
Fin e TR L FERIZERD BT, M PRI 7 — 2 OfE R 5 b, 40 °C/75%RH
BREISE O S - A s F &4 1:1:1 © CLZ-2,5DHBA cocrystal O 7K Fi# < &
%2 EDHER SNz, ZOKFMIL CLZ & 25DHBA & ORFIZHAD X 512K 1A D
ANTEY, SIRERFTAESICEMBER T2 EXbND, 20O X 5 72BRKFY)~
OFEFIZEBUILIEF (ZBRTE VR TH 5 L AR, AP TH 20 & 9 RBokins bk
T ~DEHDA T TS AlaetEns & <, Figure 3-7-1 X2 Figure 3-7-2 (27”7
CLZ-2,5DHBA cocrystal DRHEA 7/ HHZEENC B L TV B aIEEMERN BV S O L oRIg
STz,
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Figure 3-11. XRD patterns of CLZ-2,5DHBA cocrystal disclosed at 40 °C/75%RH and
CLZ-2,5DHBA-H,0 single cocrystal.

Figure 3-12. Fragments of the crystal structures of CLZ-2,5DHBA-H,0 cocrystal. H-bond

interactions are represented as dashed lines.
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Table 3-6. Crystallographic data for CLZ-2,5DHBA cocrystals

Substance CLZ-2,5DHBA CLZ-2,5DHBA-H,0
cocrystal cocrystal
Formula C20H27N502 'C7H604 C20H27N502 'C7H604'Hzo

Formula weight

Crystal system

Space group
a (A)

b (A)

c(A)

o (deg)

$ (deg)

y (deg)
V(A%

Z

Dear (g-cm™®)
p (mm™)
F(000)

260 max (deg)

Reflections collected

Independent

reflections, R

R; (1 >2.00 o(1))

R (all reflections)
WR; (all reflections)

A,Dmax, Apmin (eA_S)

523.59
monoclinic
P2,/c
9.8623(3)
12.2726(5)
21.4036(7)
90
103.442(7)
90
2519.66(17)
4

1.380

9.90

1112

55

21465

5735, 0.0400

0.0420
0.0649
0.0960
0.31,-0.24

541.60
monoclinic
P2,/c
6.64769(19)
34.5529(11)
11.6315(4)
90
90.215(6)
90
2671.71(15)
4

1.346

9.84

1152

55

21190
5899, 0.0417

0.0408
0.0632
0.0988
0.29,-0.23
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AL M

ALY CLZ O ARINMED U2 HAJE LT, 4HBA, 24DHBA, KU
2,5DHBA & @ Cocrystal % Slurry {2 CRi#d L7z, Hiv 7z Coformer X b N % %2 83
FeDONIE MR TH D, WI o Cocrystal ¥ CLZ 1Tk HIEMEE ERNSHEZR SND &
Iz, HELo Coformer 2 V2L LTH, ZOWMEREIZENENEADEAZRT Z
&R STz, HFlZ, CLZ-2,5DHBA cocrystal 1Z#8%k D /k FEfEA 12 & 5 Cocrystal ik
ISAE ARSI 2 DRER S NI B B &, BUERIMRATRE R & b il A& 1 DR
RS, RRERE DI bR TEWI LAVRS T,

in vitro YA HEBR &2 66 L 7= & 2 A, Cocrystal {LIZLE 9 @ EIFNRRG IIAMREEE & 12 F
B 2R H Y, EV RS 27~ d CLZ-2,5DHBA cocrystal 1Zi@aaFIA3 2 L\ Ve a3
TRENTZ, —H T, Cocrystal DTl CLZ Ik DIERE RN~ A L R Th
72 CLZ-4HBA cocrystal |Z CilfaFI2 e b FFfET D 2 & D3RS STz, TR D fe K1k
WIS D CLZ-ASD TIHIE BRI TR m i fafig a2 = L, 0%
SBWICEHIRT Lz, 2 OREFITEME DO EFABLT L bR BN S50 2 &
BEMITDHERERoTVD EB X BT,

in vivo BIGABR 2 1 X T L7z & 2 5, IHFBR O fafnkepert & IZITHRRE 4 5
M D3RR S 4L, 712 CLZ-4HBA cocrystal Tld CLZ crystal (2t~ "T AUCygn FET 7.1 fi5 &
EVRINSER R AR L, B EESBIAD BA b RESBA DL ZEWRENTZ, 2
DX I, HIREHALAEWIZEIT D Cocrystal {LIZIRVY BA DR FEE L U CIEEICH
BT DI EMPREES L EFIREIZ, CLZ O X 5 I i L OIECo 72 MK A LG
T, Cocrystal {LIZ & DIEFEE DEKRALB LT LH EVNT —~ 2 AR TR Tl
<, T L ABRNS E5-3 28RS & o THRIRSCER RITHIBRAN D372 2 ATREME & /<R
S,

CLZ cocrystal WP L ENE AR L7 & Z A, CLZ-4HBA cocrystal & T
CLZ-2,4DHBA cocrystal % 40 °C %}, 40 °C /75%RH BiEf, 60 °C BEH WM OSKMETE
farnE DEA IR LETH D Z & DR S 7z, CLZ-2,5DHBA cocrystal |3
40 °C/75%RH BB S 12 TRAM ~ D R S Tz,
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AT VRMEFEED R 72 5 CLZ cocrystal ot fia il 4

HLH w5

A& (2 C CLZ cocrystal O yEMERE 1 Ziafafn et & 130 CAHEET 2 @Emich v, FHL
< BEWIEFRIEIZTe LA BAZHIBRS 0D Z & i LT, —f&A9IC Cocrystal 137k 35
FEAICE > TR SN TEY, HO X S A UG LR D LN TH E G- T
DG, HED BIREEAEROZ ERM STV Y, RREIED E Cocrystal Tl
HEDN 2o —EBBHE (e, MRS 52 & C, TN HRmIbO R T—L 75T
WD LRI ND, HEMEEESEARD X5 2@ s eI AR & O IFSE TR
WIS & D BRI 72T TR <, Z0FE LWREREEE O 72 DI & ORE
A BT Mo TR L E S~ Z 5 R EEN B b RS STV D
00, IR A R T b RIEEN I L o TR & LS FHINWE Sh Tk

D S fEBE D Cocrystal TIZZRBH =2 0 & 5 s LR E 2 b b, RIET
& VAR D E v CLZ-2,5DHBA cocrystal (& CR B2 5D LW A28 2R 2
EHERE SN TN D, Rl M2 5k LT\ ibfafn & S 2120%, Rl co
TS L 2 [0 2 VA ik 2 feiR 3 D M B 5 ), Noyes-Whitney equation (12 L 5
&, VR IR MREE SR T (WLRERD) [CkAFT 2 %, oF 0 ITREEN BB A
Z 9 Cocrystal 1%, A LICZ > TIEMEEE LS| & BT, HfmbdEEZ kT 52 &
Tifafnz sl & BIF oD AREMA MO TWD L B X 5, BIEICTC, RN &R
XA b2 Ed & L —05 C, SREEI TR O SR I MRd B 4 IS BT 2 B
2% &\ D Z &I, Cocrystal DEMEFFEIZIG U7z UARR G BT 70 5 ATREME & e L
TWDHD0E LZeuy,

F£7-, Cocrystal DIEfREM: % w5 £ C, Figure 4-1 (27”5 Drug % 721 Coformer
& Cocrystal & D4t s (Transition point, Cy, & 7213 Eutectic point, Ce,) DR IZIER ITE
BT & 5 9970 Cocrystal #5512 f£0 Ligand (Coformer) J2E£73 Eutectic point (=

1IT-3< & Cocrystal & Drug & OFAEEE 7= D356/ S AU CTUy&, HIZ1X Eutectic point Z %
% & Cocrystal 7773 Host crystal £ 0 & 227 & 72 %, Z #Uid Coformer 3l A A& L
C Cocrystal (211425 Z & C, Host crystal ~0 20k 72 FEfS S L 2 I & 2 alaett 4
AL TERY, FEERICIEA TR AR L CEmiEf#tto Cocrystal O db b - TLE
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EHHIT D Vol b H D ™, AKETIEZ O Coformer (2 & 5 @A A gh B AF
U 7= B FH0O RTREME & Eutectic point %758 L 7= Cocrystal s+ L TiRg} - 552
T52LE LT

Cy; Transition concentrations [Measurable for both cases]

Maximum [Drug] from cocrystal dissolution in pure solvent:

CASE 1 < Drug solubility (SD,ug) [Measurable]
CASE 2 > Drug solubility (Sp) [Not always measurable]
(supersaturated state)
CASE 2
=
L sDru
a) ’
High Solubility
Cocrystal
Low Solubility
Cocrystal

[Ligand]

Figure 4-1. Schematic phase solubility diagram and the transition points of two different

cocrystals based on the K, of a stable (case 1) or metastable (case 2) cocrystal %
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CLZ cocrystal 1355 3 % C Slurry {EIZ TR L 7o R A L7, s A A& L
THEMH L7z 4HBA K UF 2, 5DHBA 1355 2 TR L7cildi 7 L— N2 L7z, f RS
THH L72BINANEES 3 BISR L7c b D2 L7z, £ ORI TS T34
=Ht (KFR) ORFET L— Fafli i L,

1. CLZ cocrystal O

CLZcocrystal DY = > F 2L (UM) 1Z A-O Jet Mill (RNt A o2, HAR)
Z DT AT 0.4 MPa D54 C 30 L 7= (LU R, Bk # L 7= CLZ cocrystal 12 1124,
CLZ-4HBA cocrystal-JM & U CLZ-2,5DHBA cocrystal-JIM & 7~797),

2. W AR

BKMEZ AT 5 CLZ JRROE BRI T 2R i 223 72012, b &'’
BEKT A W7 4911 LR TRE LIZIRAEREHNT, 3B 70 L THE R
TA4EEMZ THEANIEA L=, #BRikIL 1% Hypromellose % &3 SGF & L, i A 4
RN A 85A1%, BRJ 5 CLZ cocrystal (%325 Coformer (4HBA F7-1%
2,5DHBA) % 0.003% (30 pg/mL) F 7213 0.03% (300 ug/mL) %A1 L CEHRICIRM S
7o wHRBRIE B oMK A 100 mL 7ML, WKIREE % 37+1 °C THEFFSE T, ik
W 500 rpm DGt THEhE L7z, FERIEMH BT 10 mg THEME L, FERBHLED D FTE D
A LT TATI2mLT OV 7Y 7 10.02um D7 4 )vF—TAHiH L TH 3
O 2 IR T HIEICE SO THPLC ICTER LT,

4. Z DA FEhR
3 IR T HE L RARICHEIE LT,
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% 18 CLZ cocrystal DT X 5 ¥ HME K O O R IE~D R

CLZ cocrystal ¥R 0 SEM B H % Figure 4-2, KIFE43Hi % Figure 4-3 (IR Y. V=
vy FINESNDZ & TEHRFE3~5 im BE E THMESh TW\WD Z &AM S vz,

wr X4 O ST WL N ~a aT% %]

s a. CLZ-4HBA cocrystal-JM (2000x) ‘4 b.CLZ-2,5DHBA cocrystal-JM (2000x) g
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Figure 4-2. SEM images of CLZ cocrystals jet-milled. (a) represents CLZ-4HBA cocrystal, (b)
represents CLZ-2,5SDHBA cocrystal.
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Figure 4-3. Particle size distributions of CLZ cocrystals jet-milled and unmilled.
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Figure 4-4 {213 Shurry 52 TRERL X 37z Cocrystal £ ZD Y = v b I VAAEREROFHR
BRiER % ¥, CLZ4HBA cocrystal TiX, #f#bicfE-o TLER L2 HLREREICLD,
CLZ JEEDEEH 5 57 LANIT Cocrystal DOF-EEARE (59 70 ng/mL) fHEE CTEF L2
2, BRI THEONICERET Lz, ZoRIIEEERENBRERILO M)A
—LROTNWHILETRELTNS LEZHILDH, CLZ-2,5DHBA cocrystal TlIAK#:
R TIIEIEHREDON D LR BIEE A CREBINRDT20IZR L, T 5
T L THHBRED ERBHRIN, 2L, HRI S MIEEHO ERSRIT TR
XV H/ha<, CLZ-2.5DHBA cocrystal DARDEFE N HHEEET 5 L, Cocrystal DR
TV NVPREEFTZICEEINTORWARBEL +SICE L b,
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Figure 4-4. The dissolution profiles of CLZ substances in SGF containing 1% Hypromellose at
37 °C. The drug concentration applied into the dissolution media is 100 pg/mL. The results

are expressed as the mean with the bar as the S.D. (n=3).
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Cocrystal D HRFEIZ KT DR F R DB A R L 72 WFZE T, s HMEDS KL 82D
WRELZ T DERNTREINT—FHT, RRBROFELITE A EZIT 20 Cocrystsl &
HEENTND P, ZOFRKICE L TEE DI, R TROPBL Y LREHB~DEMRDOY
BOITBRE VD, D WVITIRHRBGBRICIT DM £ I3 X > TREFENE
b5 2 & TR FEROIEPRD LN TRV EDLEELRLTERY @, CLZ-2,5DHBA
cocrystal T & FELL OB LTz 2 & TR O RIZHIR B3 Do o T REME B A
DELPE L7y,

A XOREARNGRBRIZ L > TR O PK XT A= L g CLZIEE a7 7 A
JV% Table 4-1 } OF Figure 4-5 (2479, CLZ-4HBA cocrystal X Of CLZ-2,5DHBA
HIZ, ML (M) 12D Coax XY AUC IZXTT DB B R BT SR no T2,
—77, WER—Z T, CLZ-4HBA cocrystal-IM [T HERTFUR & Hb ST Coax FE T 1.2
fEEMIH L, AUCoantb TOO MG L HETANT L, FFIC, i k> TSDRELL
ERELTEY, BRI TRIUZ AT Y FRET TS Z ERER SN, 2, Figure
4-4 TR LT bl £ 5 il BafnFEee i OIX T 2% invivo THEE L, EIEOHEILE N
DRI U TR BIEDOEITIZN T YN E LR ETH S LI ns, [RERIZ,
CLZ-2,5DHBA cocrystal T, AN — A TR HEIZ K > T Crax FE T 2.4 /%, AUCy5
hEET L2 fE ORI D LA DM S iz, REENEEBIC X 28R RSk
STHEINTLZEIZEDbDEEX BINLDD, IZFESEBEA TR D K 5 1K m
IR & (D 2R WA G S CE TR A BICE & i on 2 R/lnid 5 2 & %
RELTNDLELEZILND,

Table 4-1. Pharmacokinetic parameters.

Substance CLZ-4HBA CLZ-4HBA CLZ-2,5DHBA CLZ-2,5DHBA
cocrystal cocrystal-JM cocrystal cocrystal-JM

Crnax 2074+551 241241631 547+218 13144736

AUC g5 (ng/mL-hr)  7624+1636 689915002 1989+708 246841262

tmax () 1.1+0.6 1.3+0.5 1.5+0.6 1.0+0.7

MRT o1 (hr) 2.7£0.4 2.210.2 2.810.3 2.6x£0.3

Results are expressed as the mean£S.D. (n=4).
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Figure 4-5. Serum concentration - time profiles of CLZ cocrystals un-milled and jet-milled after an oral administration at a dose of 100 mg/body

into fasted beagle dogs. The results are expressed as the mean with the bar as the S.D. (n=4).
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95 23 CLZ cocrystal DI A A2 20 R 2 I U 7 1 e Rl 4

CLZ-4HBA cocrystal-IM Z xt5e & L C, EHRBRIRICIGE A 4 & LT 4HBA % 30
ng/mL (0.003%) & CHRHINT % Z &1 K DM~ D% 31N L, #5554 Figure 4-6-1
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Figure 4-6-1. Dissolution profiles of CLZ-4HBA cocrystal-JM in SGF containing 1%
Hypromellose or that additionally containing 0.003% 4HBA at 37 °C. The drug concentration
applied into the dissolution media is 100 pg/mL. The results are expressed as the mean with

the bar as the S.D. (n=3).
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Figure 4-6-2 27”9, @A A & U THEM L7z 2,5DHBA X, 30 pg/mL (0.003%) D
BERMITIN AT, CLZ-2,5DHBA cocrystal 2388 TR\WIEMEEEZ R T Z L b—@odk
A ARG DT-DIZ, 300 pg/mL (0.03%) DOmEiESMTRER L=, 2.5DHBA
23 30 pg/mL JEETIL, RIBMORBRE B L THEHT 2 7 7 A VDOEIZIZLEALER
BIRdoTz, ® LT, 300 pg/mL #EETiX, FIHOBBATREICIIZERL2VHOD,
ZDORDOBEATEFRE IR T 4 TREEF RSN, FRE LT, CLZ2.5DHBA
cocrystal-JM TH @A 42 2T 5 Z LI L 2BfafFER~DOT RV TF—U1IF5R
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Figure 4-6-2. Dissolution profiles of CLZ-2,5SDHBA cocrystal-JM in SGF containing 1%
Hypromellose or that additionally containing 0.003% or 0.03% 2,5SDHBA at 37 °C. The drug
concentration applied into the dissolution media is 100 pg/mL. The results are expressed as

the mean with the bar as the S.D. (n=3).
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Figure 4-6-1 & U Figure 4-6-2 DfER %57 T, Figure 4-7-1 & O Figure 4-7-2 (213
CLZ-4HBA cocrystal & U8 CLZ-2,5DHBA cocrystal (2331 % R i TA AR B i & 3@ A 4
DI & 5 o) OFEfRE, K O Eutectic point % FHRd, CLZ-4HBA cocrystal
TiE, L& 1:1 @ Cocrystal 73 SGF FIZ THEMENET LTV &, Slccampa (IR
TIEETERT S, ZDOFEIX CLZ-4HBA cocrystal DIAMEEE & LTI 70.0 ng/mL &
HHEhd, LT, 4HBA # 30 pgmL J|E THRINT 5 Z & T, {LEE#®REL 1.1 0
CLZ-4HBA cocrystal DVEFERRITE DR FATL 7 b5, ZOEMRBRREMHBR L DR

2ccanpa 1349 40.7 pg/mL EEH S, RNT OBMBENMER T2 Z L3RI NS, E
BRI, Figure 4-6-1 (Z35(F % 4HBA Z /N L 7o VEHBRER D K CLZ VA7 B S2ccama
FHETH D Z & AR S, BATMMEEIXIZIE RN OBRMEMEICHESh TV Z
ERRENT,

100 -
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80 H — Stoichiometric 1:1
S1ccanBa concentration
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Figure 4-7-1. The phase solubility diagram of CLZ-4HBA cocrystal. Open circles represent
the solubility of the cocrystal in SGF, S1¢c4npa. and the solubility of the cocrystal in SGF
containing 30 pg/mL of 4HBA, S2cc4npa. respectively.  Closed circle represents the eutectic

point, Cey4uBa-
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CLZ-2,5DHBA cocrystal IZ3W\ T H RIBROBEHZ1T\, BERRVAAEE thiR & 30l A 4
DRI X % BT O¥EfEE, K& O Eutectic point % Figure 4-7-2 (2779, CLZ-2,5SDHBA
cocrystal DYEFREE Slccospasa 1349 253.0 pg/mL Th S DIZxF L, 2.5DHBA % 30 pg/mL
0 U 7B D BT OVEREEE S2cco spmsa 1349 219.6 pg/mL, 300 pg/mL f0 L 72BED R
DT DYERREE S3ccospusa 1349 80.7 pg/mL & B H S 7z, Figure 4-6-2 IZ & 5 &, 2,5SDHBA
% 30 pg/mL R TN U724 CTil@tafiRE v 7 7 A VITiZ & A EELR72<,
300 pg/mL #EEF THRINT 5 Z & TiRfAfMFRIC—EDHREZTRT Z L BRHER I N,
Figure 4-7-2 12Xk %5 &, 30 pg/mL OAFFMNGMH: TIZRN T OEBEMBEITIZE A EERRVD

WXL, 300 pg/mL OFHINEMETIX RN OBMREN 13 BEE TEBRShTnWsZ &
735, CLZ-2,5DHBA cocrystal T 3Li@A A N2 X A AMEI#E L, BRI AR ZHIRS
52 LI DB~ DOR YT 4 TRPRPBRIES NI b D EHEI N,

300 -
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Figure 4-7-2. The phase solubility diagram of CLZ-2,5DHBA cocrystal. Open circles

represent the solubility of the cocrystal in SGF, SI¢c. sprsa. the solubility of the cocrystal in
SGF containing 30 pg/mL of 2,5SDHBA, S2cc spasa. and the solubility of the cocrystal in SGF

containing 300 pg/mL of 2.5SDHBA, S3cc..spuBa. respectively.  Closed circle represents the

eutectic point, Cey spHBA-
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VL EDfER LY, @A A2 oL Cocrystal OEEIFIZ LT —EDNENH 5
Z DR S, BT OBESRIE S D Z &I X0 FEeAE e n A3 2 RAITR &
o ZEBRMERS N, —F T, lA A RITHI I O faFRE O KA 5 & |k
FoRITITZ LL, FRCEREEM R L 5 ik a9 Cocrystal TiX, #1H#oD
T EFCHIBR 2D 72D, BEFRE 7 1 7 7 A L ~ORRITOPCIRER £ 725 Z
& DR S LT,

F 7=, HEA A OmEY) e fHINE L Cocrystal @ Eutectic point & ¢ E86%2 3%, Figure
4-7-1 }2 OY Figure 4-7-2 (21X L ZF 410 CLZ cocrystal (Z331F % Eutectic point, Ce 27~ L
7273, CLZ-4HBA cocrystal Tld 4HBA J=E 7255 247 pug/mL {1312 Eutectic point 23 & % &
IZ%F LC, CLZ-2,5DHBA cocrystal Tl 2,5DHBA J2 7347 3600 pg/mL 1T & B8 (2
VY Eutectic point 27~ LTV %, Z @ Eutectic point &2 ¥ ¢, Coformer J2E Em % 5 &,
Cocrystal |13 ERNCHERF SN D K D120, BWRRET LT 5 7o oilfafn Z2 7R S 72 <
2D ENEESND, 72721, invivo TiE#E OEEE S 7z Cocrystal & OY Coformer 1%
WSR2 £ > THRFER T LT < 72, Eutectic point LV & @V IREETTHERF S LD
ZEIEE T, D LARGYINCIHGAA 4 H T Cocrystal 2 & EICHERF S 5
Z L TR BRI A7 AL, W& FARICHE - TR A IZR BT 2,
BA O RALIZIRHITH 5 AIREME S RWCHVED L E X B D,
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% 3IH CLZ cocrystal ® Eutectic point & RN K OGS 1 WL U4

%3 EICT, IRERBRICRT 2@ & BA L ORMICIZRAF2MHBBRR S D 2 L &
WEL, LirL, BABBREMOFINELT L =B LRNT—Z b0 OFET
b, TDO—HlE LT, L 7= CLZ-4HBA cocrystal-JM & CLZ-2,4DHBA cocrystal &
DOBARMENZET B D, Figure 4-8 ([ZIXW# O 7' 1 7 7 A /LD LLEL, Figure 4-9 (213
AP 7 1 7 7 A VO, &K Table 4-2 IZIX PK /8T A — X Dz R~d, Zhb
DT —ZIIATEE TICHE LTe T —Z Z D 7= OIS H Lz, Figure 4-8 THR.O
D X 91T, CLZ JEFED 500 pg/mL S:F ClTiSIEFE Ll omegf 2 /~r L TE Y, 100 ug/mL
I EZRTld CLZ-2,4DHBA cocrystal Ty X 0 Fie - DG R RS N TV D, I
7303 59 Figure 4-9 K TF Table 4-2 Tld CLZ-4HBA cocrystal-JM CTEAZE 125V Crax
K OYAUC 5, 277 LTEY, invivo & invitro & DEIZZER RO HiL TV 5,
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Figure 4-8. The dissolution profiles of CLZ cocrystals in SGF containing 1% Hypromellose at

37 °C. The drug concentrations applied into the dissolution media are (a) 100 pg/mL and (b)

500 ug/mL. The results are expressed as the mean with the bar as the S.D. (n=3). The

dissolution profiles are cited from Figure 3-7-2, and Figure 4-4.
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Figure 4-9. Mean serum concentration - time profiles of CLZ-4HBA cocrystal-JM and
CLZ-2,ADHBA cocrystal after an oral administration at a dose of 100 mg/body into fasted

beagle dogs. The results are expressed as the mean with the bar as the S.D. (n=4). The

profiles are cited from Figure 3-9, and Figure 4-5.

Table 4-2. Pharmacokinetic parameters.

Substance CLZ-4HBA CLZ-2.4DHBA

cocrystal-TM cocrystal

Cnax 24121631 869+306
AUC g5 (ng/mL-hr) 68995002 33841034
fonax (1) 1.340.5 2.0+0.8
MRT o5 (hr) 2202 2.9+0.7

Results are expressed as the mean+S.D. (n=4).

The values are cited from Table 3-5 and Table 4-1.
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AREOF2HTH R LA, Z OfE R Cocrystal ™ Eutectic point }z U Eutectic constant
ICE > THiAT 5 Z &8 T& 5, Eutectic point 1355 3 E D Figure 3-6 (27~ Vi B Hh
&, UTFoRTED SN DR F TO Coformer & DEAIRIERITE S Al b2 EE L
7= CLZ BRFEEAR & DA Tl & a5 %),

Ki1[CLZ]y[Cof ormer]
1+ Ky, [CLZ],

[CLZ]; = [CLZ], + (Equation 3)

Z 2T, [CLZ]o 1% Coformer DIELFLE T CTD CLZ DVEFRIE (Syny) %787, FEIC Eutectic
point TOEEHIEEE, [CLZ].,, [Coformer]e, 75 LLF DU X - T Eutectic constant % 5
=X 7 6070)

_ [Coformer], _
Ko, = W (Equation 4)
CLZ cocrystal O FLiaAARE ik & Equation 3, KON Equation4 VW TR Sh -

CLZ cocrystal @ Eutectic point & Eutectic constant % Table 4-3 [Z/8 7", [CLZ]e 1T KX <
720, [Coformer]e (ZZNZFNDOFAEHOE TR T-HEZ R LTEY,
CLZ-4HBA cocrystal TlX 246.7 ng/mL, CLZ-2,4ADHBA cocrystal Tl 644.6 pg/mL,
CLZ-2,5DHBA cocrystal (233 ClE 3599.4 pg/mL & FEH 2@V MEZ 7R L7, Z O Eutectic
point 2 FELL EToHALIE Cocrystal 1T EITHERF CTE 2 LB BNDHT8, CLZ DEGIKM
& Coh % 100 mg #H4 @ Cocrystal (2%} L C, Bk 2 £ U Wik KIRENE X MY 5,
Z @ Cocrystal % EIZHERF T & i Ktk &%, CLZ-4HBA cocrystal Ti3£J 152 mL,
CLZ-2,4DHBA cocrystal T3 65 mL, CLZ-2,5DHBA cocrystal TidfJ 12mL & ZhZi
BT, CLZ-2,5DHBA cocrystal |31 X TOHISAETEH 5 100 mg/ 40 mL D REEK
ReTH Bt EIT T2 U 2285 2 & &Zr LT %, CLZ-2,4DHBA cocrystal T
HITLWVREETH U, R HOEE% OB NAFIT > TR s L2 T 5 Al6E
PEARIBE N D, —J5C, CLZ-4HBA cocrystal TIIEHKFF DA £ & e K& & ORI
RN H Y, HNAIRPEIT L TH—EREE T Cocrystal N2 ERNCHERF S D Z &
HEZR S D, invitro A HIERER TIZXZ D & 9 ZR¥E(BE N TOARSLCUIN DS 2 Nk L T
BOHT, ZOEMEN invivo & OFEZ R LICER E S 2 5, 5 3 % T L7z CLZ-4HBA
cocrystal O AL B HUAR 2 2 2 8% ARINMET Z D K 5 7o FFE0Y 22 T iR it & 20
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RINCHFIHALIZRER E BE 2 b, FRICHMREIE L EITT 58I B N TiT
Eutectic point & 723 Eutectic constant ™{K\ » Cocrystal %1% 35, & 7= (% Eutectic constant
AR HIES 2 WAIREGE NS L o TEW AT =< U ARG LN 5 AT L RIE SR
60

Table 4-3. The eutectic points and the eutectic constants of CLZ cocrystals.

Substance CLZ-4HBA CLzZ-24DHBA CLZ-2,5DHBA
cocrystal cocrystal cocrystal

Eutectic point of CLZ, 7.8 7.8 8.4

[CLZ]ey (ng/mL)

Eutectic point of Coformer, 246.7 644.6 3599.4

[Coformer]e, (ng/mL)

Eutectic constant, Ke, 85.1 197.4 1024.9
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AL M

CLZ-4HBA cocrystal i faFnffioe s hEz iy B 4f7¢ Cocrystal T V), RIS #5412
9 R a L OEATIC & o TR TR NIIR T35, x LT, CLZ-2,5DHBA
cocrystal (¥ BRI 1T 2 — R is i EA RO 5T, HGmbiiE L LT
REBENEEB DN D, T OO 72 % Cocrystal 126 LT, k04t
A A R OFNC X 2 i fafn b 2 37 72,

CLZ-4HBA cocrystal TIIf LI BV AN 31T 2@ AaFniR o E5F & e
DR TR ERALDSFR O BT, A X &2 AW D RINGER TI, i bic k> THER
ZIRD LIRS T2H, BB — A T Coax LT L2 EDOET O L H-, AUCyg bt
TIE 0.9 £ & BT DK T332 H 7=, CLZ-2,5DHBA cocrystal Tl b i fE V321
AR K 2 Pl bR & LR C— R 2 g A i S ie, 4 X & Vi
AR ERER Tl, CLZ-4HBA cocrystal & [FIERICAH E 2 Z2IT5RD LR ino 7208,
N2 TR HRBRAE R A2 T 5 X 912, Coalb T 2.4 £%, AUCogn b T 1.2 50 EF-

iR b7z, CLZ-2,5DHBA cocrystal CIIBUMIZ L - THET D BA EA-DHEFE S 1L
7, EOMRIIRENTH Y, REB B EEIRT D 72 DI XTI AR L A IR
SH D MBI ST,

Cocrystal D3 A A 2R A FIH Lo dbfafnfili# 2R s 7- & 2 A, CLZ-4HBA
cocrystal Ti& 4HBA DA AN EE - T RS OEMREMET L, W1 H O T & e
IR BRI MR H &7z, CLZ-2,5DHBA cocrystal T4 [AEEIC, 2,5DHBA O E- T
LT OWREEAME T L, 30 pg/mL F2E DRRE OMINTIRIZ & A ERBR R 72
HOD, 300 pg/mL OE RS (Eutectic point LLF) TliRpee 2@ c s+ 2% —
TEDORNENHER S IZ, 7272 L, Cocrystal DA A4 > D BENNELA X B EFER iz —
DN H 2 H DD, WEAFRE DR KMEZ 5 & RiF 2 20RI21TZ L<, FrCRmEI
BRI KD FAE R k&9 Cocrystal T, FIMIOW M EAICHIBRA 212 72, ik
TR 7 0 7 7 A )L A~OFITPRMRIER & 70D T & DR S L7z,

CLZ-4HBA cocrystal |3gEr) 72 il e Fn 27~ 9~ & 3812, EhEZAY{ER Y Y Eutectic point 73 FF{#
ELTZIT b5, CLZ-4HBA cocrystal DV N7 o —~ 2 A%, Eutectic point 23K
Z & CIHBE NI T Cocrystal 23 FEEGHYZEEIZHERF ST <, ENRFEWVBA 2R L
LERELEZ T,
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el A A 2 Zh < Eutectic point (%, Cocrystal D@ EIFIRE<C BA B2 K& B2
THZENKEES D &S, ZOHIENI T 3 —~ v ADERALICR R A TFiE L 72
HAREME LD TV D EEZ Bl
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F5E  HRHD

=

AT, CLZ X 3HBA, 4HBA, 2,4DHBA, } 1} 2,5DHBA & {b2: &7 kL 1:1 @ Cocrystal
EREORICER L, & Rax v ZREBO/NTAETIFA XA OKEEREEDS Cocrystal Dk
B/ Ny XU TICHETH D Z LRI SN,

CLZ-4HBA corystal, CLZ-2,ADHBA cocrystal, & O* CLZ-2,5DHBA cocrysal | XA 5
OB SIS PR EE L0, CLZ #fdh & il L CENE 4 95 %, 145 £, X1 34.3
% B WA FE 27k LTz, 1% Hypromellose % & ¢e SGF TOIRHRER LV, AR &
BEIFI OFE L (T DOBURMEDR BV, ~ A v R2RERE B %R L= CLZ-4HBA
cocrystal T b FRfciIeiBfafnz R Lz, A4 X ZHW R0 RIGRERIZ 1T 5 BA I3
HERBRIZ IS 1T Dibfafnsmh & RAFR MMt Z R L, N~ — I VLB L7 CLZ (2 L
T, CLZ-4HBA cocrystal T 7.11%, CLZ-2,4ADHBA cocrystal C 3.1 1%, CLZ-2,5DHBA cocrystal
TL18fFMVBA Z/R L7z, H1ThH, CLZ-4HBA cocrystal |3 5h/EL [ (&7 A & i L
THAEBEICEHWBA Z/RL, ZNE THRIESND Z & D7 7= Cocrystal DIAfRE &
AR & DM ORIRIEE B &M T 5 L RIRFC, AN & B ORI & O ORISR %
FRRE L 7= EC, MWz U 72 MR 2 A+ 5 Cocrystal 3% 71725 I b A7 HAR 2
HE < BA T /MR D D Z LB THEIITR ST,

CLZ D L 5 IZH b b DL e KAL) ClE, Cocrystal k1T K 2 M D
RIAEDBLT L b EWANT =~ U AR TIEEZR <, o L AERINC A9 % e i
FEIZ > TN SGE D FATHI R 2372320 5 AT REME DS RIE S 415, Figure 5-1 (21X Cocrystal
F IR E B BUIRIC B T D% - st O A A —T % 7"$, CLZ-4HBA cocrystal,
CLZ-2,4DHBA cocrystal, K& OFEAEEEASBUA (CLZ-ASD) 13 FEMHAfRE (Ce) (2K
7 U Te s R EE T K - Tl fafn s e, il FkRE TIT— & TIEZ IR 2 RV 72203 5
PSS C ORI A T 5, RRFIC, @FIZ2 &M E O _EFIXZE SO A
L, FfdED AT —b~E T M5, BAERSNIZLERIT, £ Ol
JE L APABREE D CLZ JRIZ & DRI - TSRS EIT L, @A fR« (2K
TV, BA Zix KIET 57201203, WmeafRE 2 flicHERr 2 0P EETH D,
U AR B G-3 2 AR O S i fE & i S 13 AR s L OEAT ISR & < B -
TWDH Z LR END, E72, MSKRIBIRICKT 57 7 7 Z —JIFTLTE S ORI IE
LEENTEY, ZOREHOEMRENE L ARWEGEITIE, JHPHBEE & OREZEOH]

81



# (BAFRREOEMREOHIE) biBfafiERFICEE LR LEZOND, AB|TIE,
DX D IRVERR - BRESRALOMHED Cocrystal D XL ) RERERTLROONDEZ L%
EEBRAIZKREE L, Cocrystal D7 4 —< V A/ KILICEEREF L 2D T RSN,

Supersaturated Solution

Permeation Nucleation
1
] oC exp [—m
XIBF R EEAFIE
Dissolution faEtZERNZ{®d  Crystal Growth
dc
- A(Ceq—C) Rg x (C— Ceq)
o XiGamRIEEZTERD
K EARRE TEARELDREZE
BHRE(CKTFTD (CHKRTFID

Crystallization from Matrix

Surface-mediated transformation

Cocrystal or ASD

Figure 5-1. Schematic illustrating the competition between dissolution and crystallization via

the solid or solution state for cocrystal or amorphous systems.®

¥ 7= Figure 5-1 121X, Z 9 L7-HHE & 13RS HERER D DR EM~DEBELHR L F1E
THILERELTND, HaHEEFESEAE (ASD) T~ b 7 AR TORERBLD
BIRZET 5TV AH A, CLZ-2.5DHBA cocrystal DR E S #5#  (Surface-mediated
transformation) H ZDAFXF—AIZFE - TV D LHEIND, ZOHE, BEmIZEM
REITE TRFITEITT H 720, Cocrystal DR EEZ K I TCERLORBEMEZET
VERD D, ERICARTIEIV = v b I X MR 28E L, @Bafcx LT
—EDHRBRBOONIZ, TlEL, EOFHPRFEILI~S mBETHY, REENE
BERRT DITIZZLWZ L3 invivo ERNOEBR I NI, £72, BAZEKILIES
TeDIiE, BRREED 2 bu— VSN R EE~ DB - BEEZH <X D
RRAREH LIFCEETHS P, 0L O, REBNMEBOTR L BERLOM
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HlZ#%& 9% &, Nano-Cocrystal Solid Dispersion®" o X 5 728K 25 L%, HrICFKE
BN 2RI &5 28— A TlE, @0 BABHIRFCE 500h Lty

F|Z, Cocrystal O FNHIAENIZ 1T I8 A A > OfFI1S° Eutectic point & 7213 Eutectic
constant DI &R TH D Z LR ST, RlZ CLZ-4HBA cocrystal (%, @A A4
VIR Ko THICERee ) i fafn s {455 T & 5 & L, LREGAYEKL Y Eutectic point 23 7H
{EEWN TP Cocrystal DZ2E(L & W cmfafimBlA R L, fR L L THREIZHE LV BA
DRSINTeb DR INT, R0 5 5 CLZ-2,5DHBA cocrystal T,

A v OIS & > TREFIFRHIC —EOZENH 5 b DO, EAFIYE EE 0 e KAl
Z5lE B 22 L, FRICERE BRI X 2 FERE S LI 0I O Fs H_E AT
FRISD DD T, EAFFEHGEA RITOLMMER & 70D T N S L, 7272 L, g
< & BB R OMmEFn 7 1 7 7 A MRS A 4 U IRIERICHRNTH Y, =
ALE LD Cocrystal DFSFEFFEIZ IS U 72 1@ G) 72 il & RG0S R 7 4 —~ v A dx
KEICEHE L2 Db D ERRENT,

PLEDOFER LY, ARBFIEIX Z AV E THRRAES 11T 27220 72 Cocrystal DR & it
BN, S OV QWIS & OBIRME A B0 E 5 L RIS, f&OBEDOSEEHED T2 D
Fik L LT Cocrystal O @A RAMENSRE Tz, £, BB ME B 2005 HREN
A V== JICEE A D3 — T, IBEIFRHE D 72 @ O TR HIE A - ARG
EfAE YD Z LT, Cocrystal DA AMEIZ XL Y @@ b D ATEEMEE LD TV D =
&R ITRES Tz,
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Figure S1. Crystal packing of CLZ-3HBA cocrystal, showing stacks of dimeric units (a) along

the a axis, (b) along the b axis, and (c) along the ¢ axis.
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Figure S2. Crystal packing of CLZ-4HBA cocrystal, showing stacks of dimeric units (a) along

the a axis, (b) along the b axis, and (c) along the c axis.
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Figure S3. Crystal packing of CLZ-2,4DHBA cocrystal, showing stacks of dimeric units (a)

along the a axis, (b) along the b axis, and (c) along the c axis.
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Figure S4. Crystal packing of CLZ-2,5DHBA cocrystal, showing stacks of dimeric units (a)

along the a axis, (b) along the b axis, and (c) along the c axis.
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Figure S5. Crystal packing of CLZ-2,5DHBA-H,0 cocrystal, showing stacks of trimeric units

(a) along the a axis, (b) along the b axis, and (c) along the ¢ axis.
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