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About this talk

1. Hydration / dehydration phenomena and powder structure analysis

— Dehydration and Hydration phenomena

Structure Determination from Powder Diffraction data

Pharmaceutical application: Dehydration of Acrinol

2.lsomorphic desolvates (dehydrate, but same structure)

— Cefalexin, Cefaclor

— Erythromycin A
Funding: @
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Collaboration with Pharmaceutical groups.
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In dehydration & hydration

e Crystal structure changes with solvent (water)
molecular leaving out or coming in

* When we analyze the both crystal structures
before and after phase transition, we can
deduce the process of dehydration / hydration

* For example ...



Pseudo polymorphic phase transition
between hydrate and anhydrous phases

Anhydrate

dehydration
,___1"___‘_ — e - rl\\

hydration

B For Pharmaceuticals, de/hydration is a big problem

Hydration/dehydration changes physicochemical property:
Solubility, solution rate, stability, bioavailability...

B It may occur in manufacturing, processing, and storage

B Structural study is essential to understand and control
such dynamic aspects of molecular crystals.

However,

Structural change makes powder crystals!




Powder structure analysis of
dehydration process

Single crystal Powder crystal
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Structure Determination from Powder Data
technique resolves such problems



What is SDPD?
ab initio Structure analysis from

Eowder data SXRD!

e Structure Determination from Powder Diffraction
Data (SDPD) - determination & Rietveld refinement

Indexing Structure solution Structure refinement
- |attice parameters
.p Rietveld method:
Extraction . : : :
. o . simulation of crystal refine atomic and
- diffraction intensities . )
structure which profile parameters to
reproduce PXRD fit XRD pattern by

least-square method.



How to solve the structure from XRD pattern ?
Direct space method

e \We can Build a crystal structure model (simulation) and calculate
XRD pattern(blue) to compare with observed XRD(red) and then
see the difference! (central violet plot to become flat)

e Bond lengths and angles are fixed, but torsion angles are free to
rotate. Molecular position, orientation, and torsions are free.

~N

Ble Mode Yiw Qo Leb

3"‘{' lw| | AlSlA | 1l elelelola] 2] B
-V v \ 50000 ' 1 | | ] (IR R U LR PR U

» _ ! o : wi’ 70000
j- g ﬁ 3 2 40000
' < 3

&% U o \.Q\' T 50000~

| 3 "O-év W 3 40000 - po b P g |
< y i 10000 , i
Oga"' J\, ¢ 20000 l”' |

i, |
10

CO rre Ct ! o e i " 30

) ¥y avpomder Vo tandr dCmatdiratss mur tabkdachic et dne v sk v 1 0044 50 &z IE,TE

§ A oA




Our previous works

Twin Crystal

\mm 3.87A&4.94A

/
1)4.73A /

Phase Transition
of Pharmaceuticals

Int. J. Pharm., 2009, 369, 12

Photoreaction
in Crystalline State

CrysttngComm, 2011, 13, 3197

All structures were analyzed by SDPD technique

Mechanochemical
reaction (MOF)

Chem.Comm.,2010,46, 7572
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Angew.Chem.Int.Ed.,2006,45,6013
Cryst.Growth&Des.,2009, 9, 1201

| Chem.Comm,2010, 46, 4264

Dehydration
Phase Transition
of Pharmaceuticals

Hydrate
Aiydmus_l m“’m"wp < 7_Anhydrousll el

Cryst. Growth&Des 2012,12, 6165
Cryst.Growth&Des.,2010,10,3176

J.Phys.Chem C.,2010,114,580




J.Phys.Chem C.,2010,114,580
Acrinol (crystal structure and cRH)

Acrinol (Antiseptics)
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Anhydrous A and B have different hydration characters

B: stable up to R.H. 75%

A: easily hydrates around R.H. 5%}

Crystal structure
difference? SDPD! o




Crystal structure and hydration property

dehydration

anhydrous phase A

Easy and
smooth

—

re-hydration

Crystal structure
similarity and
difference

explain the
dehydration /
hydration
property
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Erythromycin A
— Isomorehic Desolvates —
Crystal Growth & Design, 2013, 13 (5), pp 2060—2066

O v" Macrolide class of antibiotics

v' Cy;H,NO,5, m.w. 733.93 g/mol

e OH v" dihydrate form is marketed
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Erythromycin A dihydrate / TG-DTA
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Erythromycin A / XRD-DSC
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Mass Increase (%)
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Erythromycin A / Dynamic vapor sorption

DVS plot of anhydrous phase | | DVS plot of anhydrous phase Il
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SDPD for anhydrous phases | and Il to reveal structural change




SDPD of Erythromycin A / phase | and Il

Anhydrous Phase | @ 100°C

. Space group P2,2,2,
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[Software] 26 parameters A7) 8(2)
DICVOLO4, DASH, GSAS in direct space method | Rwp 0.0528




Voids observed in the anhydrous

phase |
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v" Anhydrous phase | has voids (Isolated)
v" Void positions are same as water positions in dihydrate

Anhydrous phase | easily hydrates stoichiometrically




VS plot of Erythromicin Phas

Voids observed |n the anhydrous phase 1

Large hydrophoblc voids (111A3) eX|st between HB tetramer units
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Anhydrous || — nonstoichiometric hydration
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Isomorphic de/hydration. Powder structure analysis (SDPD)!




isomorphic desolvates summary

In textbook,
the idea is linked up with “water channel or water sheet” structure.

...and, they
open and close

dynamically.

Now, we suggest “sponge-
like” structure with voids
can also be “isomorphic
desolvates”, which is only
revealed by SDPD analysis.




Summary

|
Pharmaceutical Pseudo-polymorphic phase transition

- hydration / dehydration structural change

Acrinol —two anhydrous phases, different hydration property

Cefalexin — channel water, block sub-structure slides

Cefaclor, Erythromycin A(ll) — void structure, nonstoichiometric

— Isomorphic Desolvates —
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SDPD is powerful technique in characterization of
pharmaceutical crystals and in revealing dynamic

phenomena observed in them.
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