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® 2 molecules in asu; 65 non-H atoms; 25 dof
¢ Synchrotron data, d > 1.00A

Genetic Algorithm & Rigid-body refinement : R, ,=8.2%

Omit MEM charge
density model

R,p=3.7%,
‘ refined
R, p=2.9%

- =

Dual data refinement with inner angle restraints, R,,,=1.3%

Nishibori, Ogura, Aoyagi & Sakata, J. Appl. Cryst., (2008), 41, 292




Degradation impurity in

dosage of tibolone API

Genetic Algorithm
Laboratory data

Gomez, Antonia, Barros de Araujo,
Ferreira & Paiva-Santos,
CrystEngComm., (2012), 14, 2826

Liquid assisted grinding
(alcohol/water):
Mg(nap),.H,O - SXRD
Mg(nap)2.4HzO - PXRD

Simulated Annealing
Laboratory data
FrisCi¢, Halasz, Strobridge, Dinniebier,

Stein, Fabian & Curfs, CrystEngComm.,
(2011), 13, 3125




® Crystalline solids containing 2 or more building
blocks (solids at rt) in stoichiometric amounts
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® Materials that retain the chemical properties of
components but display new physical properties

® Combination of API with ‘"GRAS’ component

Schultheiss & Newman., Cryst.Growth & Des. (2009), 9, 2950
Aakeroy et al., CrystEngComm. (2005), 7, 439 Almarsson et al., Chem.Comm. (2004), 1889
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pure diacids

Thompson, Voguri, Male & Tremayne,
bbbt CrystEngComm, (2011), 13, 4188

Braga et al., CrystEngComm. (2010), 12, 3534
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® Tuned tolevelEaE ® Property rationalised
commercial material by diacid solubility
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Aakeroy, Forbes & Desper,

Remenar et al., JAm.Chem.Soc.,,
(2003), 125, 8456 JAm.Chem.Soc.,, (2009), 131, 17048




Products showing poor crystal growth resulting from:
solvent-mediated crystallisation or sonic slurry

Products from solid state synthesis:
liquid assisted or dry grinding
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Delori, Friscic & Jones., CrystEngComm. (2012), 14, 2350

James et al., Chem.Soc.Rev. (2012), 41, 413
Shan, Toda & Jones., Chem.Comm. (2002), 2372; Friscic & Jones., Faraday.Disc. (2007), 136, 167




® Independent components in direct space; greater
complexity wrt search surface & parameters
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Monte Carlo Dry grinding; Genetic Algorithm
Laboratory data Laboratory data
Tremayne & Glidewell, Chem.Comm, Cheung, Kitchin, Harris, Imai, Tajima &

(2000), 2425 Kuroda, JAm.Chem.Soc., (2003), 125, 14658




Genetic Algorithm

Laboratory data

Proton transfer
Cheung, David, Harris, Conway &

Timmins, J.Solid.State.Chem., (2007),
180, 1068
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Liquid assisted grinding
Simulated Annealing
Laboratory data

Karki, Fabian, Fris¢i¢ & Jones, Org.Lett,
(2007), 9, 3133




Table 1. Compounds
name
4-hydroxybenzoic acid and 4-phenylpyridine (1:1)
3-hydroxybenzoic acid and 4-phenylpyridine (1:2)
3-hydroxybenzoic acid and tetramethylpyrazine (2:3)
3-hydroxybenzoic acid and 4,4'-bipyridine (1:1)
3-hydroxybenzoic acid and 1.2-bis(4-pyridyl)ethane (1:1)
4-hydroxybenzoic acid and 1,2-bis(4-pyridyl)ethene (1:1)
3-hydroxybenzoic acid and trans-1,2-bis(4-pyridyl)ethene (1:1)
4-hydroxybenzoic acid and 1,2-bis(4-pyridine)ethane (2:1)
3-hydroxypyridine and isophthalic acid (1:1)
L-ascorbic acid and nicotinic acid (1:1)

Grinding

Synchrotron

Simulated
Annealing

Lapidus, et al., Gryst.Growth.Des.,
(2010), 10, 4630
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Dry grinding
Simulated Annealing
Laboratory data

Majumder, Buckton, Rawlinson-
Malone, Williams, Spillman, Shankland
& Shankland, CrystEngComm., (2011),

13, 6327




Four cocrystal polymorphs
Solvent crystallisation / drying

Parallel Tempering
Laboratory data

Ueto, Takata, Muroyama, Nedu, Sasaki, Tanida & Terada,
Cryst.Growth.Des,, (2012), 12, 485
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Crystallisation from MeOH, 1:1 ratio
Solid state IR -
GC & EA & NMR -

! |

Structure determination from
2 independent molecules, 14 parameters

210000 Evaluations (1500 Generations), R,,= 10.38%




Structure solution (DE) - rigid — .
POdY  [nti R,,=10.38%

.

.

Syn conformation as DE model —

- rgid body TR, =11.21%
DE solution located solution minimum,
but amide group compared to final

refined relaxed structure




® Distinct layers of molecular A A
components T T~

1:1 salt form YAy
Bifurcated hetero N(H)...O link N ‘ :
Amide dimer CT T T
Oxamate amide-amide motif ‘ L~

L Ryp = 5.18%
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Structure & syn-conformation confirmed by single crystal

.




® Nicotinamide is a prolific coformer with dicarboxylic
acids in stoichiometric variations

Karki, Friscic & Jones., CrystEngComm, (2009), 11, 470

oxalic malonic | succinic | glutaric | adipic pimelic | suberic | azelaic | sebacic | fumaric

1:1 1:1 1:1 1:1 1:1 1:1 (1:1) 1:1

(2:1) 2:1  (2:1) 2:1  (2:1) 2:1 2:1 2:1
Amide:Acid Stoichiometry

Athimoolan et al., Acta Cryst, (2007), 63, 0263 Orola & Veidis., CrystEngComm, (2009), 11, 415
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Crystallisation
from MeOH
1:1 ratio
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(Single crystal determination)
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Acid-pyridine & amide-amide motifs
Anti & syn nicotinamide conformations

Thompson, Voguri, Cowell, Male & Tremayne, Acta Cryst, (2010), C66, 0421




Crystallisation (MeOH), 1:1 ratio in ‘controlled conditions’
Fine polycrystalline material
Solid state IR -
GC & EA & NMR -

Structure determination from
2 independent molecules, 16 parameters




® Evolutionary algorithms:
population of trial structures

=l & until
global
minimum
N, = 300, F = 0.4 =found

Generations = 1481
Evaluations = 444,300

\ N, =600/150, F=0.1/0.5
Generations = 378
Evaluations = 60,750

600 800 1000 1200
Generation




® Acid-pyridine & amide-acid
motifs

® Distinctive supramolecular g
chain motif (1:1) L
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Conformation R,,(%) =R Conformation R,,,(%)
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® Adenine forms adducts with diacids with reduced melting point

McHugh & S .- A
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Sridhar & Ravikumar, Acta ‘
Cryst. (2007), C63, 0415 Thompson, Elias, Male & Tremayne, CG&D, (2013), 13, 1464




Monte Carlo
Synchrotron data

C-OH & C=0 determined
by restrained Rietveld

Tremayne, Kariuki & Harris, Angew.Chem.Int.Ed., (1997), 36, 770

Simulated Annealing
Lab/Synchrotron
data

New tautomeric polymorph stabilized by Hbonds:
M.U.Schmidt et al., Angew.Chem.Int.Ed., (2011), 50, 7924

OCN framework
revealed tautomer
by Rietveld
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Polymorphs, Salts, and Cocrystals* What's in a Name?
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Crystal Growth & Design, (2012), 12, 2147

Cocrystal or Salt: Does it Really Matter?

Aakeroy, Fasulo & Desper, Molecular Pharmaceutics, (2007), 4, 317




Can hydrogen atom positions be reliably determined
from PXRD?

Cernik, Cheetham, Prout, Watkin, Wilkinson &
Willis., J.Appl.Cryst, (1991), 24, 222

Noritake et al, Appl.Phys.Lett., (2002), 81, 2008; J-P Soulie et al., J.Alloys Cmpds., (2002), 346, 200.
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