Table of Contents

AADSTTACT. ...ttt b b re e [
(VAT o USSR Vi
Declaration of AcademiC INTEGIILY .......voiiiiiiieiec e vii
Certificate from SUPEIVISOI ........oiieiiiiieeerie e viii
Certificate of the External Examiner and ODEC .........cccccoviiiiieiieniee e iX
ACKNOWIBAGMENTS ...t X
Table OF CONLENES ..ot bbbt xii
LISE OF TADIES ... bbb XVil
S ) T U= PR S XX
LISt OF SCREMES ... e XXIX
ADbbreviations and SYMBOIS..........cooiiiiii e XXXI
Chapter 1
00 R 11 1 oo [F o [ o OSSR 1
1.1.1  Intermolecular INtEraCtioNS.........cccouviierieieiieree e 2
1.1.2  Supramolecular Synthons and Graph Set Notation .............ccccceevvvereiiiennnn, 3
1.2 Organic SO FOIMS ......cccueiiiieiicce ettt 4
121 COCYSIAIS/SAILS.......eeeeciiecieee e 5
1.2.2  Salt-Cocrystal CONLINUUM ........cocviiiiiiiicie e 8
1.2.3  Hydrates and SOIVALES..........cccuiiiiiiiieieeee e 10
1.2.4  Coamorphous SOHAS.........coiiiiiiiieieie e 11
1.2.5  Eutectics and Solid SOIULIONS .......ccveiiiieriiiesieseee e 11
1.2.6  Polymorphism and Stoichiometric Cocrystals...........ccocovveveniiiiniiinienne 12
1.3 Preparation of Multicomponent Crystalline Phase ............cccocoinininicicnenn, 14
1.3.1  Solid-state grinding.........cccceeevieiiieiieieciece e 14
1.3.2  Solvent-mediated grinding..........cccccveieiieiiiie e 14
1.4 CharaCteriZation ........ccoiiiuiiiiieieieie ettt ettt 15
1.5  Physicochemical PrOPErti€Ss .........ccoovieiiiiiieiie et 16
1.5.1  Dissolution Rate and SOIUDIlItY .........cccooeiiiiiiiii 16
152  Membrane Permeability..........ccoooiiiiiiiiii 19
153  Bioavailability.......ccccooiiiiiiiiiie s 21
I S - o 11 11 Y2 PSSR 23
1.55  Mechanical Properties .......ccocoiiiieiiieiie e 26
1.6 Marketed Pharmaceutical Cocrystals and Salts ...........cccccoevieiiiiie i, 28

xii



L7 SUMMETY ittt ettt et e e bt e et e e beeenn e e sneeenneesneas 28

1.8 RETEIENCES ....eiieieiiee et 29
Chapter 2
2.1 ADSIFACT .t 43
2.2 INTFOTUCTION ..ot bbb ene s 43
2.3 ReSUILS aNd DiISCUSSION........cuiiiiiiiieiiiitisiesieeie ettt nneas 45
2.3.1  Synthesis of Molecular Salt and Isolation of Polymorphs.............c.ccc....... 45
2.3.2  Characterization of Product Phases ..........cccccereririiniesieniene e 46
2.3.3  Phase Stability........cccoiiiiiie 53
2.3.4  Solubility MEasUremMeNt.........ccoviiiiiieiei e 54
2.3.5  Synthon Energy CalCulation ...........ccooeieiiiininiiiee e 55
2.3.6 Membrane Permeation BENAVIOUF ...........cccocoiiiiiininiieieese e 56
S TU 1111 -1 YRR RPPR 57
2.5 EXPerimental SECION ........cccvciviiiiiice e 58
2.5. 1 IMALEIIAIS ..oviiiiiciee e e 58
2.5.2  Synthesis of Dimorphic Molecular Salt Hydrates ...........cccccoeevvieiivennnnnnne 58
2.5.3  Vibrational Spectroscopy (FT-1R) ....cccooeiiieniniriiiiieieee e 58
2.5.4  Differential Scanning Calorimetry (DSC) .......ccoiviiriiiieiiieiese s 58
2.5.5  Thermogravimetric ANalySiS (TGA).....cciiiiiiiiiiiieieee e 59
2.5.6  Powder X-ray Diffraction (PXRD).......ccccceiiiiiiiiiiee e 59
2.5.7  Single Crystal X-ray Diffraction (Single crystal X-RD) ...........ccccovevvrnnnne. 59
2.5.8  Hirshfeld Surface Analysis and Energy Frameworks...........ccccccevvevieannenn. 59
2.5.9  DFT CalCUlatiON....c.iiiiieiiiieiieeeeeie e 59
2.5.10 Cambridge Structural Database (CSD)........ccccccvvvieiieviiiieseese e 60
2.5.11  Solubility MEasUremMEeNtS ..........ccoouririeriiieiese st 60
2.5.12  Membrane Permeability............ccooiiiiiiiiii e 60
2.6 RETEIBNCES ..oouiiieie ettt nreene e e 60
Chapter 3
3L ADSIFACT .. et 65
X0 1 011 (oo (1T { o] TSR URRT 65
3.3 ReSUILS AN DISCUSSION ... .ccuiiiiiiieieeie sttt 67
3.3.1  Synthesis of Molecular Salts.............ccccoveiiiiiiiiie e 67
3.3.2  Characterization Of Product PRASES .........cccccerereririininieienesie s 68
3.3.3  Hydrogen Bond Synthon and CSD SUIVEY..........ccceviiieiiiieneic e 77
3.3.4  Phase Stability STUAY .......ccooceiiiiiiiiieeee s 78



3.3.5  Solubility MEasuremMent...........ccoviiieiiieiie e 80
3.3.6  Membrane Permeation BENAVIOUT ..........ccccceeiiriieiieniiie e 83
3.3.7  Hirshfeld Surface ANalYSIS.......ccccviiiiiiieiieiiee e 86
34 SUIMIMAIY .eeiiiiiiieiiit ettt sb bbb e e bt e e e b e e e bb e e e sbe e e e sbe e e snbneesnbee e 87
3.5 EXPerimental SECION .......ccccoveiieiiee e 87
351 MALEIIAIS . 87
3.5.2  Synthesis of Molecular Salt Hydrates.............cccccovvveiiiiiiiieie e 88
3.5.3  Vibrational Spectroscopy (FT-IR) ..o 88
3.5.4  Differential Scanning Calorimetry (DSC) .......ccceieriiiiniiieienieseene e 88
3.5.5  Thermogravimetric ANalysiS (TGA) ....ccccviriririiiieiee e 89
3.5.6  Powder X-ray Diffraction (PXRD).......ccccooimiiimiiiiene e 89
3.5.7  Single Crystal X-ray Diffraction (Single Crystal X-RD) ........c.cccccccvevenen. 89
3.5.8  Cambridge Structural Database (CSD).........ccceveiieriiieiieie e 89
3.5.9  DFT CalCUIALION ..ot 89
3.5.10 Hirshfeld Surface ANalYSiS.........cccciiieiiiieiieie e 90
3.5.11  Phase StaDIILY .....ccooveiiiiiiiieieieee e 90
3.5.12  SOIUDIIILY STUAY ...covieiiiicee e 90
3.5.13  Permeability STUAY ..o 90
3.6 RETEBIBNCES .. .o itieieie ettt ettt eneenres 91
Chapter 4
A1 ADSITACT ... ettt 95
4.2 INEFOTUCTION ..ottt ettt en e 95
4.3 ReSUILS aNd DISCUSSION......cuiiieiieiiiiiiiiieiiesieie ettt ese e enee e 97
4.3.1  Synthesis of Molecular Salts ...........ccccceviiiiiiiic i 97
4.3.2  Characterization of Product PRSeS ...........cccevveiirieriiie e 98
4.3.3  StabIlity STUY ..c.oooviiei s 109
4.3.4  Solubility determination in various pH media............cccooevniiinininniennenn 111
4.3.5  Membrane Permeation BeNaVIOUr ..........cccccvvievieieiieenice e 113
4.3.6  Hirshfeld Surface ANalySiS.........cccccviiiiiiiiiie e 116
O S TU 1 011 1T YU 117
4.5  Experimental SECHION .......c.occviiiicie s 117
451 IMALEIIAIS ..o e 117
4.5.2  Synthesis of Molecular Salts ... 117
453  Vibrational SPECIIOSCOPY.....c.euvriiiiiiiieiie e 118
454  THhermal ANAIYSIS. ..ot 118



455  Powder X-ray DIffraCtion .........ccoiiiiiiiiiiiiie s 118

45.6  Single Crystal X-ray DIiffraction..........ccccooovriiiiniiniiiecee e 119
45.7  Cambridge Structural Database (CSD).......ccccoverviiiiinniee e 119
458  DFT CalCUIAtION.....coiiiiiiiie it 119
4.5.9  Hirshfeld Surface ANalysiS ........ccociiiieiiiiiiiie e 119
4.5.10 Phase Stability StUAY .........cccoeieiiieiicc e 119
4.5.11  SOIUBIIILY STUAY ..o.veeeecie e 119
4.5.12 Membrane Permeability StUdY .........ccccooeiiiiiiiiiiiice e 120
R =] (=7 =10 (o= SO P TR 120
Chapter 5
5.1 ADSIIACT ..ot nreere s 124
5.2 INEOTUCTION ..ottt 124
5.3 ReSUItS @and DiSCUSSION........cueriiriiiiiiiiiiieiesieie ettt 126
5.3.1  Synthesis of Molecular Salts.............ccccovveiiiiiiiieie e 126
5.3.2  Characterization of product phases..........ccccccevivereiieiiieie e 127
5.3.3  Phase Stability STUAY ........cccoooiiiiiiiiiee 135
5.3.4  Solubility determination in various pH media.........ccccooovveiiniiininnnnnn 136
5.35  Membrane Permeation BENAVIOUT ..........cccccoeiierieiiienieni e 138
5.4 SUMMEIY ..ottt e e sneene s 141
55  EXperimental SECION ........cccooviiiiiiiicce e 141
551 MAEIIAIS ..o e 141
5.5.2  Synthesis of Molecular Salts.............ccccooveiiiieiicie e 141
5.5.3  Vibrational SPECIrOSCOPY ....c.ecviiiiiiiiiieiiece e 142
5.5.4  Differential Scanning Calorimetry (DSC) .......ccccooveveiiieiieie e 142
5.5.5  Thermogravimetric AnalysiS (TGA) ... 142
55.6  Powder X-ray Diffraction (PXRD).......ccccceririririninieieese e 143
5.5.7  Single Crystal X-ray Diffraction (Single Crystal X-RD) .........c.cccccvvnnee. 143
5.5.8  Hirshfeld Surface ANalysis ........ccccooiiiiiiiiiiiieee e 143
5.5.9  Solubility Measurements .........ccccueiueeiiieiiie e 143
5.5.10 Membrane Permeability Study ...........ccocoeiiiiiiiii 144
5.6 RETBIBNCES ... e 144
Chapter 6
B.1  ADSIIACT .....eicecceeece e re e 149
6.2 INTFOAUCTION ...ttt aeeraesneeee s 149
6.3  RESUILS aNd DISCUSSION......cueiieieiieiiesieeiesiee e eie e e ste e steeee e sreesaeereesseeneeas 151



6.3.1  Synthesis of Molecular Salts ... 151
6.3.2  Characterization of Product Phases ...........cccceoeeieniiininiiisiceeeee, 151
6.3.3  Conformational variation of drug.........c.ccoceeveiiieiiicir e, 158
6.3.4  Solubility MeasuremMeNnt...........ccccviieiieriiie e 159
6.3.5  Membrane Permeability BENAVIOUS ...........ccccovevviiieiieiecic e 161
6.3.6  Hirshfeld Surface ANalySiS.........cccccevieiiiiiiieie s 163
6.4 SUMIMAIY ..eiiiiiiieiiiie ittt ettt rab e e b e e bbee s bb e e s sbe e e anbe e e nnbeeennnes 164
6.5  EXperimental SECHION ..........ccoiiiiiiiieeese e 165
B.5.1  MAALEIIAIS ..o.eiieee e s 165
6.5.2  Synthesis of Molecular Salts ... 165
6.5.3  Vibrational SPECtrOSCOPY.......coeriiriiriiiiiiisieeeiee e 165
6.5.4  Differential Scanning Calorimetry (DSC) .......cccccoevveviiiieiecie e 166
6.5.5  Thermogravimetric AnalysisS (TGA) .....ccccceiiieiiie e 166
6.5.6  Powder X-ray Diffraction (PXRD).......cccccoeiiiiiiiiiiieie e 166
6.5.7  Single Crystal X-ray Diffraction (Single Crystal X-RD) ...........c.ccoveunenee. 166
6.5.8  Hirshfeld Surface ANalysiS..........cccoiiiiiiiiiiiie e 166
6.5.9  DFT CalCUlation ......ccoooveiiiieiiee e 166
6.5.10 Cambridge Structural Database (CSD).........cccoeverinenineninisiseeeee 167
6.5.11  Solubility MeasuremMents .........cccceririiiiiiiiiecee e 167
6.5.12 Membrane Permeability...........cccccoveiiiiiiiiie i 167
6.6 RETEIBNCES ... 167
Chapter 7

RETEIBNCES ... ettt bbbt b e e nne s 175
7 o] 0 =T o | PSSRSO RTRSPOSN A

XVi



	03_content

