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It is indicative that the equimolar mechanic mixture of enantiomers
(R+S) undergoes a solid phase transformation into (R,S)-racemic
modification(P2,/c). The transformation being extended in temperature
starts at 90°C and finishes close to the melting point (118°C).

The work is granted by RFBR (10-05-00891, 10-02-01303).
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Physical Form Screening of Olanzapine and Amoxapine
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The pharmaceutical field is frequently confronted with the phenomenon
of multiple solid forms (polymorphs, solvates, salts and co-crystals) of
the same chemical entity. Sometimes the properties of two solid forms
of a drug are quite similar but can, and often do, vary substantially
with potentially significant impact on pharmacokinetics, ease of
manufacturing and stability of drug in dosage form and bioavailability.
Hence, it becomes critical to have in depth knowledge of solid forms
of'a candidate molecule, so that the appropriate solid form can be taken
forward as a clinical candidate.

Experimental screening is often used to explore all possible
physical forms and has been implemented at a variety of different
scales and throughputs [1]. Whilst fully automated parallel
crystallisation capabilities are available in our laboratory, these require
10s of grams of material for a comprehensive solution crystallisation
search [2]. However, we have established a method of high throughput
crystallisation (HTC) for physical form screening of compounds using
quartz 96/48 multi well plate formats with an automated system for
collecting high quality Raman spectra (Thermo DXR system). This
methodology has various advantages including reduced material
requirements, fast data collection, no separate sample preparation,
and analysis of sample in suspension. Multi-well plate approaches are
complementary to the larger scale automated methods as in high through
put screening. It has various advantages in the context of solid form
screening when only small amounts of compound are available. The
analytical technique utilized in this methodology, Raman spectroscopy
has emerged as an efficient analysis tool to differentiate between
various solid forms like (polymorphs, solvates or amorphous) [3]. High
throughput crystallisations of two marketed drugs, olanzapine and
amoxapine were carried out on 96/48 multi well plates under various
conditions i.e. solvents, antisolvents, concentrations, different counter
ions. Raman spectra were collected automatically using array software.
Various chemometric tools were used to classify the samples and to
identify novel forms. In one example of olanzapine, 96 crystallizations
utilizing 144 mg of olanzapine and ~20 ml of 48 solvents yielded 21
novel forms. The results of high throughput crystallisation were used
as guide to scale up experiments to fully characterize the 30 novel
physical forms.

[1]1 A.J. Florence, H.G. Brittain, Informa Healthcare, New York 2009,. 2 139-
184. [2] AJ. Florence, A. Johnston, P. Fernandes et.al. J. Appl. Cryst. 2006, 39,
922-924. [3] S.L. Morissettea, O. Almarssona, L.M, Petersona, Adv. Drug Deliv
Rev, 2004, 56, 275-300.
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New insight into the desmotropy of irbesartan
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Polymorphism, the ability of a compound to exist in more than
one modification, is a widespread phenomenon of extreme impor-
tance in pharmaceutical development. Irbesartan, an anti-hypertensive
agent (angiotensin II antagonist), crystallizes in two distinct solid state
modifications because of a tautomerism, first established in solution by
M. El-Hajji and J.-P. Bezard (1998). This special case of polymorphism
is termed desmotropy and occurs within a tetrazole ring in which the
unique hydrogen may be either on an o- (adjacent) or B-nitrogen
(opposite) with respect to carbon. Even if the two desmotropes exhibit
different sizes and morphologies, crystals of form A (trigonal, thin
needles) and B (triclinic, large prisms) could be grown concomitantly
from ethanol/water. Form A, analysed by synchrotron diffraction
(ESRF Grenoble) at room temperature (RT), builds up sixfold helix-
chains through non covalent N-HN hydrogen bonds (HB), and recent
laboratory X-ray data showed that the channels in the molecular
packing may contain non-stoichiometric water. The structure of form B
consists of head-to-tail dimers also linked by N-HN HB.[1] Irbesartan
has been studied by solid state NMR at RT and at 253K;[2] the authors
easily distinguished the two modifications by *C CP/MAS. They also
carried out "N CP/MAS studies and concluded that, in contrast to form
A in which the 6 expected signals of the 6 molecular nitrogens are
found at RT, only two sharp peaks appeared in the spectrum of form
B at the same temperature (with a broad resonance region) and the
6 expected signal were only recovered at 253K for this modification.
The NMR data of form B, together with the results of a "N CP/MAS
dipolar dephasing experiment and of a 2D EXSY spectrum, allowed
the authors to claim that form B undergoes, at RT, an exchange process
consisting of simultaneous proton hopping (i.e. jumps from one B-
nitrogen to the other) and internal rotation of the tetrazole ring. We
present new RT and 125K diffraction data on Form B, using either X-
rays or neutrons. X-ray data show that the triply disordered butyl-chain
established at RT [1] perfectly locks in at 125K, Neutron diffraction
data (ILL Grenoble), show that the hydrogen is perfectly localized on
the nitrogen opposite the tetrazole-carbon such as to establish a HB with
its neighbouring imidazole. This is corroborated by X-ray difference-
maps also supporting a single tetrazole-protonation at RT. Atomic
vibrational amplitudes can under no circumstances account for a 180°
rotation of the tetrazole around the phenyl-tetrazole bond at RT.

Consequently, we do not believe Bauer and al.’s model for form
B; we merely sustain that the unexpected N resonances at RT are
attributed to the vicinity of the tetrazole ring and the disordered butyl-
chain, which was indeed revealed by diffraction methods.

[1] Z. Bocskei, K. Simon, R. Raof, A. Caron, C.A. Rodger, M. Bauer, Acta.
Cryst., 1998, C54, 808-810. [2] M. Bauer, R. Harris, R. Rao, D. Apperley, C.J.
Rodger, Chem. Soc. Perking Trans. 1, 1998, 475-481.
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A new pharmaceutical co-crystal: (S)-naproxen-isonocotinamide
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In the last decade, the synthesis of pharmaceutical co-crystals
has emerged as an innovative strategy to successfully improve
biopharmaceutical quality. Co-crystals are made up of two or more
molecular neutral species linked by non-covalent bonds [1]. In this
work the structure of a new equimolar co-crystal of (S)-naproxen, a
nonsteroidal anti-inflammatory drug, and isonicotinamide is reported.

Single crystals were prepared by crystallization from 1:2.8
naproxen:isonicotinamide ethanolic solution at 2 °C. The pure crystals
melt at 7, = 125 °C.

In the new co-crystal structure the homosynthon amide---amide
betweentwoisonicotinamide moleculesisretained, as inisonicotinamide
polymorph I [2], and acid-N,,,.... and amide---acid heterosynthons
link naproxen to isonicotinamide.

[1] N. Blagden, M. de Matas, P.T. Gavan, P. York, Advanced Drug Delivery
Reviews 2007, 59, 617-630. [2] C.B. Aakerdy, A.M. Beatty, B.A. Helfrich, M.
Nieuwenhuyzen, Crystal Growth & Design 2003, 3, 159-165.
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Hybrid materials including dihydrogenmonophosphate and
bisulfate anions have received increasing attention [1, 2] owing to their
interesting ferroelastic [3], NLO [4], phase transitions properties [5]
and their potential application in pharmaceutical industry [6].

In order to contribute to the systematic investigation of the hydrogen
bonding in those compounds, we have synthesized two new hybrid
materials : p-Carboxyanilinium dihydrogenphosphate [7], p-CADHP
and p-Carboxyanilinium hydrogensulfate [8], p-CAHS.

The packing of both compounds show alternating anionic (H,PO-,
or HSO,) and cationic (COOH-CH,-NH",) moieties which are linked
together by a three-dimensional hydrogen bonding network. In order
to study different interactions between hydrogen bonds present in
our compounds, we have applied the graph theory [9]. The graph set
analysis of hydrogen-bond patterns present in our compounds gives
rise to binary graph sets involving rings R and infinite chains C.

[1] M.T. Averbuch-Pouchot, A. Durif, J.C. Guitel. Acta Cryst, 1988, C44, 99-102.
[2] N. Benali-Cherif, F. Allouche, A. Direm, L. Boukli-H-Benmenni, K. Souda-
ni,. Acta Cryst, 2007, E63, 2643-2645. [3] J. Fabry, V. Petricek, 1. Cisarova, J.
Kroupa, Acta Cryst, 1997, B53, 272-279. [4] J. Pécaut, Y. Le Fur, R. Masse, Acta
Cryst, 1993, B49, 535-541. [5] N.L. Speziali, G. Chapuis. Acta Cryst, 1991, B47,
757-766. [6] J.R. Rubin, P. Swaminathan, M. Sundaralingam .Acta Cryst, 1992,
(C48,379-382. [7] N. Benali-Cherif, A. Direm, F. Allouche, S. Soudani Acta Cryst,
2007, £63,2272-2274. [8] N. Benali-Cherif, A. Direm, F. Allouche, L. Boukli-H-
Benmenni, S. Soudani Acta Cryst, 2007, E63, 2054-2056. [9] J. Bernstein, R.E.
Davis, L. Shimoni, N.-L. Chang, Angew. Chem. Int. Ed. Engl, 1995, 34, 1555-
1573.[10] L.J. Farrugia. J. Appl. Cryst, 1999, 32, 837-838.
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The pyrimidine base, Cytosine, leads to the nucleoside cytidine
and its corresponding nucleotide: cytidine 5’-monophos-phate. It
may be found in very small quantities as a post-modified form, 5-
methylcytosine, in certain nucleic acids such as in tuberculinic acid.
More recently, 5-fluoro-cytosine (5-FC) has been used as a prodrug in
suicide gene therapy of cancer with the crystal structure of bacterial
cytosine deaminase (bCD).

The crystal structures of cytosine [1] and cytosine monohydrate
were determined many years ago. Many inorganic cytosinium salts
have been previously synthesized: chloride [2], nitrate [3] and
dihydrogenphosphate [4,5].

Cytosinium salts of organic acids are also common, the structures
of a number of these including trichloroacetate, Cytosinium 3,5-
dinitrosalicylate [6] and hydrogen maleate [7] have been recently
reported.

[1] D.L. Barker, R.E. Marsh Acta Cryst. 1964, 17, 1581-1587. [2] N.S. Mandel
Acta Cryst. 1977, B33, 1079-1082. [3] A. Cherouana, K. Bouchouit, L.
Bendjeddou, N. Benali-Cherif, Acta Cryst. 2003, E59, 0983—0985. [4] M. Jasko
" Iski, Acta Cryst. 1989, C45, 85-89. [S] M. Bagieu-Beucher, Acta Cryst. 1990,
C46,238-240. [6] G. Smith, U.D. Wermuth, P.C. Healy,. Acta Cryst. 2005, E61,
0746—0748. [7] T. Balasubramanian, P.T. Muthiah, W. T. Robinson, Bu/l. Chem.
Soc. Jpn, 1996, 69, 2919-2922.
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Hydrogen bonding is one of the most versatile noncovalent forces
in supramolecular chemistry and crystal engineering [1]. Therefore, in
the past decades assessment of discrete hydrogen bonding patterns had
received great attention [2] because of its widespread occurrence in
biological systems.

The aim of this paper is to discuss hydrogen patterns assuring
the connection between anilinium and hydrogensulfate entities
and to establish their different graph-set motifs [3]. Bis (anilinium
hydrogensulfate) is one of the hybrid compounds, rich in H-bonds [4-
5], which could have potential importance in constructing sophisticated
assemblies from discrete ionic or molecular building blocks due to the
strength and the directionality of hydrogen bonds [6].

Recently, similar structures containing anilinium cations have



