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Abstrakta P1

NMR krystalografie komplexu:
Na[3-cobalt(lll) bis(1,2-dicarbollide)]-poly(ethylen oxid)

J. Brus

Institute of Macromolecular Chemistry, Academy of Sciences of the Czech Republic, Heyrovsky sq. 2,
162 06 Prague 6, Czech Republic

Recently we have tried to apply the concept of NMR crystallography (that was originally
designed to describe the structure of powdered microcrystalline systems) on partially ordered
nanostructured polymeric composites. In this respect a wide range of multidimensional
multinuclear and multiple-quantum ss-NMR experiments combined with the refinement of
WAXS patterns was applied. Complete 3D structure of the polymer composite poly(ethylene
oxide)-[3-cobalt(l11) bis(1,2-dicarbollide)](-1) (PEO-NaCoD) was finally refined [1]. In general,
the investigated polymer composite provides an interesting example of systems comprising
both one-half spins (1H, 13C) and half-integer spins (11B, 23Na), in which highly ordered
molecular arrangement coexists with the high-amplitude molecular-level motion (5-fold jumps
of carboran clusters and 30-degree libration of PEO segments). The CoD-clusters are
uniformly and molecularly dispersed within the PEO matrix. Metallacarborane anions freely
rotate along the B10-B10" axis. The polymeric matrix does not contain crystalline domains
typical for pure high-molecular weight PEO. There are two types of PEO segments. The first
one is involved in dihydrogen bonding with boron clusters, and the second one forms the
complex with sodium ions. All the cations are uniformly organized within the composite. They
are effectively separated from CoD-anions and immobilized by PEO chains. This example
thus demonstrates that the concept of NMR crystallography can be applied not only on highly
crystalline small-size or medium-size organic substances, such as pharmaceutical solids, but
also on the nanostructured polymer systems exhibiting relatively high-amplitude motions. On
the other hand, this example shows certain limitations following from relatively low resolution
of ss-NMR experiments in 1H dimension. This fact suggests the application of heteronuclear
X-Y correlation experiments involving 13C, 11B and 23Na. The experiments providing
measurements of 11B-13C(23Na,11B) heteronuclear dipolar contacts, however, require
extensive validation and optimization. Preliminary results of this effort are also presented
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[1] P. Matejicek, J. Brus, A. Jigounov, J. Plestil, M. Uchman, K. Prochazka, M. Gradzielski,
Macromolecules 2011 DOI:10.1021/ma200502t



Abstrakta P2

Polymorfismus aktivnich farmaceutickych ingredienci, 13C
CP/MAS NMR, 19F MAS NMR a faktorova analyza

Martina Urbanova, Jiri Brus, Olivia Policianova, Libor Kobera

Institute of Macromolecular Chemistry, Academy of Sciences of the Czech Republic, Heyrovsky sq. 2,
162 06 Prague 6, Czech Republic

1) Current pharmaceutical research encounters with the problem of low solubility of
many active ingredients (APIs). To overcome this limitation the poorly water-soluble drugs are
formulated as solid dispersions in matrices of hydrophilic polymers. In these new dosage
formulations, besides the notoriously discussed polymorphism and a bit mysterious
pseudopolyamorphism, precise structural characterization of APIs is complicated by their
interactions with macromolecules of excipients. In this presentation a time-saving method for
identification of various forms of pharmaceutical substances in solid polymer dispersions is
introduced. The method is demonstrated on a moderately-sized active pharmaceutical ingredient
(Atorvastatin, C33H35FN205) exhibiting extensive polymorphism and pseudopolyamorphism.
The API was incorporated in the matrix of polvinylpyrrolidone (PVP) forming uniformly dispersed
nanosized domains. Size of domains, approximately tens of nanometers, was estimated by
measuring T1(1H) and T1 (1H) relaxation times. The proposed strategy of structural
characterization of the APl in PVP is based on the processing of the 19F MAS NMR spectra of
various polymeric formulations by multivariate analysis (singular value decomposition
algorithm). It was found out that molecular arrangement of APIs in the nanosized domains
dispersed in polymer matrices is affected by the interactions with neighboring macromolecules
and new non-crystalline forms of the API are created. It is demonstrated, that 19F MAS NMR
spectra reflect the changes in the extent of interactions with polymer matrix, and by using factor
analysis the different non-crystalline modifications of the APl in solid polymeric dispersions can
be distinguished and identified. On the other hand, extreme attention must be paid to correctly
assess the impact of electrostatic forces or differences in magnetic susceptibility of the polymer
matrix on the pattern of 19F MAS NMR spectra of the API. Dramatic changes in 19F MAS NMR
spectra of well-defined forms of the APl induced by different filler compounds were observed. The
factor analysis of the recorded spectra, however, can eliminate and separate these effects.
Consequently the subtle structural differences in the molecular arrangement of the API in the
nanosized domains dispersed in polymer matrices can be traced. The proposed strategy thus
provides a powerful tool for the analysis of new formulations of fluorinated pharmaceutical
substances in polymer matrices.

2) Despite recent advances in solid-state NMR spectroscopy, structural
characterization of amorphous and disordered active pharmaceutical ingredients (APIs) is a
complex problem that required combination of many experimental approaches. In some cases
even small changes in the structure result in significant variation in drug dissolution rate or
stability. Exact identification of different solid-state forms and their disordered is crucial to
anticipate changes in the performance of the pharmaceutics material. In this paper, we
investigated trospium chloride, which has a considerable degree of disorder integrated in the
mixture of two very similar forms. The situation is so confusing that it is not even clear whether we
can talk about different forms, mixtures of various crystal forms or a single modification with
variable extent of molecular disorder. This state indicates slight changes observed in the 13C
CP/MAS NMR spectra, which are very difficult interpret. In this context we tried to solve this
problem combining 13C CP/MAS NMR data with factor analysis. Only combination of solid-state
NMR spectroscopy and factor analysis could be distinguished two crystal forms and more
disordered forms of trospium chloride.



Abstrakta P3

Strukturni analyza borovych farmaceutickych substanci
pomoci NMR spektroskopie pevného stavu

Libor Kobera

Institute of Macromolecular Chemistry, Academy of Sciences of the Czech Republic, Heyrovsky sq. 2,
162 06 Prague 6, Czech Republic

In recently years, boronic acid and organoboron compounds have been used in

pharmaceutical industry as enzyme inhibitors, neutron capture agents for cancer therapy or
antibody mimics that recognize biologically important saccharides as well as molecular
sensor or receptors. Some 20 years ago, simple alkyl or arylboronic acids were used as a
serine protease inhibitor. Since then, many boronic acid compounds with an appropriate
peptide sequences have been designed and synthesized for the development of more potent
and selective inhibitors. Next significant potential of boronic acid compounds lies in the
development of feedback controlled delivery systems for insulin because boronic acids
compound form reversible complexes with sugars. As a result, boronic acids and related
molecules have now evolved as major players in synthetic and medicinal chemistry.
Very important, for finally using as a medicinal product, is precise description of structural
homogeneity and purity. Excellent tool for structural analysis is solid state NMR spectroscopy.
Organoboronic compounds description is possible by NMR measurements of included nuclei
such as 13C, 11B etc. High sensitivity and abundance of boron nucleus is suitable for
measurement and consequently analysis of NMR spectra. On the other hand, quadrupolar
character of boron nuclei complicates detail analysis. However, the solution provides the
MQ/MAS NMR experiment and using of relatively new techniques called biaxial shearing. This
combination enhances the spectral resolution and thereby helps correctly analyze and
describe structure units. In our contribution we will demonstrate our attempts to structure
determination of organoboron compounds by 11B MQ/MAS NMR spectroscopy. In
particularly, applications of two-dimensional multiple-quantum experiments with biaxial
shearing that provides detail information about local geometry of measured compounds and
easier determine their structure arrangement



Abstrakta P4

ssNMR charakterizacia farmaceutickych disperznych systémov
APIl-polymér s predpokladom zvysSenia biodostupnosti
malorozpustnych lie€iv

Olivia Policianova

Institute of Macromolecular Chemistry, Academy of Sciences of the Czech Republic, Heyrovsky sq. 2,
162 06 Prague 6, Czech Republic

In this contribution a solid-state NMR study of structure and segmental dynamics of
solid dispersions of active pharmaceutical ingredients (API) in polymer matrix is presented. In
many clinical studies it has already been demonstrated that higher efficiency of APls
significantly reduces menace of many diseases. API has higher efficiency when has good
bioavailability and ultimately good dissolution, solubility in human fluids and good permeability
in gastrointestinal tract (GIT). Unfortunately a lot of pharmaceutical substances exhibit low
solubility in water. That is why current pharmaceutical research focuses on increasing
solubility and bioavailability of these substances. Among many procedures how to improve
dissolution rates of poorly water-soluble drugs, the transformation from their crystalline state
to more soluble amorphous, nanocrystalline solid dispersion and/or solid solution represents
one of the most promising ways. In our work we focussed our attention on the study of
structural properties of APIs in the prepared solid polymer dispersions exhibiting increased
solubility and polymeric matrix influence (various molecular weight of polymer matrix) on the
above-mentioned prepared systems. The acetylsalicylic acid was used as a model of APIs
with low solubility. Several procedures were used to combine this model compound with
polymeric nontoxic water soluble matrix (PEG, PVP, HPMA). In some cases the observed
drug-polymer interaction significantly enhanced dissolution rates of the APIs. Structural
reasons of the increased solubility in solid dispersions and polymeric matrix influence on
these systems were extensively probed by a wide range of ssNMR experiments including 13C
CP/MAS NMR, 1H DQ-BABA and relaxation experiments. The obtained results are
comprehensively discussed in this contribution. In particular, the extent of mutual interaction is
thoroughly examined.



Abstrakta P5

Vliv pfimési na mechanismy formovani polymernich globuli

Larisa Starovoytovaa , Julie Stastna

Institute of Macromolecular Chemistry, Academy of Sciences of the Czech Republic, Heyrovsky sq. 2,
162 06 Prague 6, Czech Republic

Charles University, Faculty of Mathematics and Physics, V HoleSovi¢kach 2, 180 00 Prague Czech
Republic

Hlavnim U¢elem projektu je vyzkum kinetiky formovani globuli a jejich stability v rGznych
polymernich systémech za pfitomnosti pfimési. Pomoci NMR dokazeme charakterizovat zmény v
interakcich polymer-rozpoustédlo, polymer-pfimés, rozpoustédlo-pfimés, popsat kinetiku procesu
prechodu: schopnost uzamknout a nasledné uvolnit molekuly pfimési z polymernich globuli. Cilem je najit
parametry, které maji vliv na zménu LCST a zjistit mechanismy formovani globuli, jejich stability a
reverzibility v zavislosti na stavbé polymert nebo hydrofobnosti pfimési. Na zakladé porovnani vysledku z
NMR a z optického mikroskopu Ize usoudit ze hydrofobni pfimési preferuji interakci s polymerem a timto
zvysuji celkovou hydrofobnost fetézcl. Vysledkem tvorby takového komplexu je nizsi teplota pfechodu,
jadro polymernich globuli je pevnéjsi a voda je vylou€ena z globuli jiz v procesu jeji vzniku

PVME 5 wt.-% —_




Abstrakta P6

NMR spektroskopie peptidil v roztoku

Jana Svobodova

Institute of Macromolecular Chemistry, Academy of Sciences of the Czech Republic, Heyrovsky sq. 2,
162 06 Prague 6, Czech Republic

Nuclear magnetic resonance (NMR) spectroscopy is a powerful tool in biology and is
widely used in studies of structure determination of proteins, peptides and amino acids
fragments at atomic resolution, since the NMR data can be recorded in solution. NMR
aplications include investigations of dynamic features of the molecular structures, as well as
studies of structural, thermodynamic and kinetic aspects of interactions between proteins and
other solution component, which may either be other macromolecules or low-molecular-
weightligands.

The aim of the work is to find and determine the structures, interactions and
dynamics of stochiometric complexes between selected synthetic peptides with similar
structure elements to found in AChR (acetylcholine receptor) subunits and long neurotoxins
(e.g. alpha-Bungarotoxin). The solution structures of the complexes are solved using multi-
dimenzional NMR spectroscopy (COSY, TOCSY, NOESY). NMR results will be suggested
new possible correlations between kinetics, solution structures and dynamics for these
complexes which can be considered as a general rule for the design of peptidyl protein ligands

a-Bungarotoxin



Abstrakta P7

Studium fazového prechodu klubko-globule ve vodnych
roztocich poly(n-vinylkaprolaktamu) a smési poly(n-
vinylkaprolaktam)/poly(n-isopropylmethakrylamid) NMR
metodami

Jifi Spévacek®, Hana Koufilova®, Larisa Starovoytova®, Lenka Hanykova®

Institute of Macromolecular Chemistry, Academy of Sciences of the Czech Republic, Heyrovsky sq. 2,
162 06 Prague 6, Czech Republic

Charles University, Faculty of Mathematics and Physics, V HoleSovickach 2, 180 00 Prague Czech
Republic

Je znamo, Ze termoresponzivni polymery vykazuji ve vodném roztoku prechod
klubko-globule doprovazeny agregaci a tvorbou tzv. mesoglobuli. Termosenzitivita Cini tyto
polymery zajimaveé pro rizné biolékarské a technologické aplikace, napf. jako polymery pro
uvolnovani léCiv. Mezi termoresponzivni polymery patfi i poly(N-vinylkaprolaktam) (PVKL),
ktery ma pomérné znacny aplikacni potencial, protoZe je biokompatibilni a vykazuje fazovy
pfechod blizko fyziologické teploty. Ve srovnani s akrylamidovymi polymery jeho
termoresponzivni chovani zatim bylo studovano mnohem méné. V pfednasce budou
prezentovany nékteré nové vysledky ziskané pomoci metod NMR spektroskopie pfi studiu
vodnych (D20) roztoklh PVKL a smési PVKL/poly(N-isopropylmethakrylamid) (PIPMAm).
Tyto smési, kde obé polymerni slozky vykazuji termoresponzivni chovani, jsme studovali s
cilem zjistit, zda pritomnost druhé polymerni slozky ovliviiuje fazovy pfechod dané slozky.
Oba typy zkoumanych systému byly byly studovany v Sirokém oboru polymernich koncentraci
(c=0.1-30vah.%) a polymerni smésii pro rizna slozeni.

Tvorba globularnich struktur vede u vétSiny polymernich segmentt k markantnimu
roz$ifeni NMR signall [1]. Z teplotnich zavislosti integrovanych intenzit v NMR spektrech
vysokého rozliSeni byly ziskany teplotni zavislosti fazové-separovaného podilu (podil
monomernich jednotek s podstatné redukovanou pohyblivosti) a nasledné pak i
termodynamické parametry (H, S) fazového prechodu. Informace o chovani molekul vody pfi
fazovém prechodu byly ziskany z méfeni spin-spinové relaxaéni doby molekul HDO.
Vysledky budou diskutovany i z hlediska srovnani s jinymi termoresponzivnimi polymery
(PIPMAm, poly(N-isopropylakrylamid, polyvinylmetyléter).

Podékovani: Autofi dékuji za podporu GA CR (projekt 202/09/1281).

[11J. Spévacek, Curr. Opin. Colloid Interface Sci. 14, 184 (2009)



Abstrakta P8

NMR studie preasocia¢nich stavi blokového kopolymeru PEO-
PPO-PEO a jejich interakce s ¢astecné hydrofobnimi latkami

Jaroslav Kfiz

Institute of Macromolecular Chemistry, Academy of Sciences of the Czech Republic, Heyrovsky sq. 2,
162 06 Prague 6, Czech Republic

Blokové kopolymery ethylenoxidu a propylenoxidu typu (EO)m(PO)n(EO)m jsou
znamy tim, Ze nad kritickou teplotou (CMT) tvofi ve vodé micely schopné solubilizovat
hydrofobni latky. Jak jsme ukazali, jiz nékolik stupit pod CMT vznikaji preasociacéni stavy s
pozménénou konformaci PO bloku a porusenym jeho hydratacnim obalem. Tyto stavy resp.
jejich zavislost na teploté mohou byt podle nasi studie ovlivnény malymi pfidavky pfimo
neinteragujicich ¢aste¢né hydrofobnich latek. Studovali jsme vliv slou¢enin typu (CH3)kCH3-
kCOCHS3, kde k=1,2,3 na preasociacni stavy kopolymeru Pluronic L64. Pomoci 1H a zvlasté
13C NMR spekter, pficnych a podélnych relaxaci, PFG difusnich méfeni a NOESY spekter
bylo prokazano, ze teplota i aktivacni energie konformacni zmény stejné jako CMT klesa se
vzrlstajicim k, tedy rostouci hydrofobicitou pfimési. Ta ke kopolymeru zfejmé neni nijak
stabilnéji vazana, ale je schopna pfechodnymi interakcemi rozruSovat hydratani obal jeho
propylenoxidového bloku.
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