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Department of Organic Synthesis and Analytical Chemistry

HEAD DEPUTY
JAN SYKORA JAN CERMAK

RESEARCH STAFF

MILENA BARTLOVA, VRATISLAV BLECHTA, PETRA CURINOVA, LUCIE CERVENKOVA STASTNA,
JINDRICH KARBAN, ALENA KRUPKOVA, GABRIELA KUNCOVA, MILAN KURFURST, EVA
MACHACKOVA, LUCIE MAIXNEROVA, JAN STORCH, STANISLAV SABATA

Part time: JIRi HETFLEJS, JAN HORACEK, JAN SCHRAML, LUDMILA SOUKUPOVA

PHD STUDENTS
JURAJ. BOLYO, RENATA RYCHTARIKOVA, ANDREY SOLOVYEV, TOMAS STRASAK, HANA
VRBOVA

TECHNICAL STAFF
JARMILA KUBESOVA

Fields of research

e Bioremediation of organic pollutants in soil and sewage

e Immobilization of biocatalysts, living cells or enzymes, into organic or organic-inorganic
matrices by sol-gel process

e Application of immobilized biocatalysts in optical sensors

e  Polymeric antidegradants immobilized on poly(siloxanes)

e  Structure, reactivity, and catalytic properties of azine diphosphine complexes of
transition metals

e  Catalysts for fluorous biphase media

e (arbosilane dendrimers

e NMR spectroscopy

Applied research
e Complex dehalogenation of PCB contaminated soils, waste water and oils

e Development of new analytical methods
e  Analytical services to the research departments of ICPF
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Research projects

Dehydrocoupling reactions catalyzed by titanium complexes
(J. Sykora, joint project with JH IPC, and ICT, supported by GACR, grant No.
GA203/09/1574)

Products of dehydrocoupling polymerization reactions were monitored by on-flow LC-
NMR and GPC-NMR experiments. Several modifications of the *Si{'H} INEPT experiment
were implemented to probe the polymer microstructure. The 2D heteronuclear NMR
experiments ("H — #°Si-*’Si INEPT-INADEQUATE and 'H — #’Si DOSY) provide valuable
information about the branching and length of the oligosilanes. [Refs. 36, 48, 49]
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The structure and synthetic applications of transition metal complexes
(J. Cermak, joint project with JH IPC, CU, and ICT, supported by MYES, project No.
LC06070)

Two ways of immobilization of dichlorotitanocene units to carbosilane dendrimers were
studied, the so called inverse and normal hydrosilylations. The normal hydrosilylation, i.e.
hydrosilylation of an alkene terminated dendrimer with Si-H-bond-substituted complex gave
better results provided that dendrimers were terminated by vinyl instead of allyl terminal
groups. Complete analysis of defects in carbosilane dendrimers using combination of
MALDI-TOF mass spectrometry and multinuclear NMR spectroscopy was also finished as a
knowledge base for future design of dendrimeric structures. Coordination properties of heavy
fluorous cyclopentadienes were studied as well. [Refs. 4, 5, 9, 21-25, 32, 47]
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Structural defects in polyallylcarbosilane dendrimers

Synthesis of helicenes via cycloizomerization of biphenylyl-naphthalene and 1,8-
diarylnaphthalene derivatives
(J. Cermak, J. Storch, supported by GACR, grant No. P207/10/1124)

The new approach leading to 2-aza[6]helicene was developed being an extension of our
previous work published in 2009. It focused on double cycloisomerization of biphenylyl-
naphthalene derivatives leading to formation of two aromatic rings in one step. During the last
period we have found out a novel tandem cycloisomerization method giving rise to four new
aromatic or heteroaromatic rings, yielding various benzo[c]phenanthrene and 6H-
naphtho[2,1-cJchromene derivatives. This atom-economic isomerization is now being
developed to the synthesis of extended [8]helicene-like molecules. [Refs. 15, 45, 46]

Synthesis of 2-aza[6]helicene utilizing metal-catalyzed cycloisomerization

Reactivity of asymmetrically substituted epimino pyranoses
(J. Karban, joint project with CU, supported by ICPF)

We have finished our work on aziridine-ring cleavage of 4-deoxy-2,3-epimino
derivatives of 1,6-anhydro-f-D-hexopyranoses. The regioselectivity of the cleavage was
found to be governed by interplay of Sy2 and Sny2-borderline mechanism depending on the
type of the nucleophile (hard versus soft) and conditions (acidic versus basic). To further
investigate the cleavage mechanism we have prepared the full series of all configurational
isomers of 4-fluoro-2,3-epimino-1,6-anhydro-pB-D-hexopyranoses. These fluoro compounds
were prepared by reaction of suitable azido sulfonates containing a free 4-hydroxyl with
diethylaminosulfur trifluoride and subsequent reductive cyclization. The study of their
reactivity is now in progress. [Refs. 7, 12, 13, 16, 30, 31, 37, 42, 43, 51]
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Synthesis of 1,6-anhydro-2,3,4-trideoxy-4-fluoro-2,3-epimino-p-D-hexopyranoses

Monitoring and remediation of environmental pollution with advanced organic-
inorganic materials - MOREPIM
(G. Kuncova, supported by MEYS, KONTAKT project No. ME 892)

The research has been focused on utilization of inorganic and organic-inorganic
nanoparticles in design of optical fibre sensors for monitoring of environmental pollution
[Ref. 11, 17, 29, 34, 52].

Fixation of bioluminescent biorepoters with silica nanoparticles

Whole cell optical sensors (WOCOS)
(G. Kuncova, supported by MEYS, KONTAKT project No. ME 893)

Bioluminescent bioreporters were immobilized on front faces of optical fibres with aim to
prepare optical fibre sensors for in situ monitoring in remote localities. We calculated that
only 3.5% of all photons, produced by one bacterium placed on the front end of the optical
fibre are coupled and guided. Up to six times higher intensity of detected light was calculated
and measured by enlargement of an area covered with bacteria using the front face of optical
fibre with appropriate shape. [Refs. 2, 33, 40, 52]

The tip of tappered quartz optical fibre (=10 mm)
coated with Pseudomonas putida TVAS
encapsulated in silica gel
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Enzymatically catalyzed synthesis of alkyd resins (ENZALKYD)
(G. Kuncov4, joint project with SYNPO Pardubice a.s., supported by MIT, project No. MPO
2A-3TP1/108)

The research has been focused on continuous glycerolysis of soybean oil catalyzed with
immobilized enzyme in column reactor. [Refs. 19, 20]

Column reactor for continuous glycerolysis of vegetable oils
catalyzed with immobilized lipase

¥Si-NMR structural analysis of branched organosilicon polymers and its application in
LC-NMR
(J. Kurfiirst, supported by GACR, grant No. GP203/08/P412)

¥Si-0-*Si coupling constants were determined for a series of 56 siloxanes and empirical
correlations were found between these couplings and number of oxygen atoms attached or the
sum of *’Si chemical shift. The correlation with the product of 'J(*’Si-">C) couplings was put
on a theoretical basis. [Ref. 3]
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Structure of silyl moieties through J(*’Si-"C) couplings as determined by triple
{IH, B C}zgsi NMR experiment
(J. Schraml, supported by ASCR, grant No. IAA400720706)

New methods for measurement of signs of spin-spin couplings between *’Si and "*C or
'H nuclei in solutions utilize instrumental possibilities of triple resonance of 'H-">C-*’Si
nuclei. Using these experiments model series of compounds have been measured [Refs. 1, 10,
18, 44].
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Novel inorganic-organic hybrid nanomaterials
(S. Sabata, joint project with ICT Prague, IMC, University of West Bohemia Plzef, supported
by ASCR, grant No. TAAX08240901)

Na" montmorillonite was silanized with methoxy- and ethoxy- organosilanes having
functional groups; -CsH7NH,, -CH,CH=CH,, -CgH,7, -C sH37, -C3H7C=N. The products were
characterized with X-Ray. Enzyme lipase was adsorbed on modified montmorillonites. The
highest catalytic activity, in esterification of steraic acid with propanol, performed biocatalyst
prepared by adsorption of Lipolase 100L. on montmorillonite with -C,gHs; .[Ref. 6, 8, 26-28,
33, 50]

The SEM micrographs of cross sections of lipase catalyst (cloisite modified
with octadecyltrimethoxysilane) formed by ice-templating processes
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Calixarene-porphyrin conjugates for selective complexation and separation of fullerenes
(S. Sabata, joint project with ICT, IIC, supported by GACR, grant No. 203/09/0691)

Novel technique of silanization of aminoporphyrines and thiacalixarenes was developed.
The silanization products of tetraaminoporphyrine and thiacalixarene were characterized with
'H-NMR and C-NMR spectroscopy. Silanized tetraaminoporphyrine was immobilized on
silica carrier and this material has been tested as filling of HPLC column. [Ref. 50]

Silanized tetraaminoporphyrine

International co-operations

Centre for Environmental Biotechnology, University of Tennessee, Knoxville, TN, USA:
Improved biomaterials for the encapsulation of living cells

Environmental Sciences Division Oak Ridge National Laboratories, Oak Ridge, TN, USA:
Application of nanomaterials and novel organic-inorganic materials in optical sensors

Graz University of Technology, Graz, Austria: »Si and '"Sn NMR

Instituto Supérior Técnico, Lisbon, Portugal: Chemistry of transition metal complexes with
azine ligands

Teaching

J. Cermak: UJEP, Faculty of Science, courses “Organic chemistry I and II”, “Chemistry of
heterocyclic and organometallic compounds”, “Introduction to the spectral methods in
organic chemistry”

G. Kuncova: ICT, Faculty of Chemical Engineering, postgraduate course “Optical sensors for
measurement in chemical and biological reactors”

Publications
Original papers

[1] Blechta V., Schraml J.: SQSQh: 'H-detected SQ-SQ Experiment for Determination of Signed Silicon-
Carbon Coupling Constants. (Eng) Magn. Reson. Chem. 48(6), 464-470 (2010).

[2] Bolyo J., Mair T., Kuncova G., Hauser M.J.B.: Spatiotemporal Dynamics of Glycolytic Waves Provides
New Insights into the Interactions Between Immobilized Yeast Cells and Gels. (Eng) Biophys. Chem.
153(1), 54-60 (2010).
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[11]

[12]

[13]

[14]
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[16]

Cahlikova L., Macakova K., Kunes J., Kurfiirst M., Opletal L., Cvacka J., Chlebek J., Blunden G:
Acetylcholinesterase and Butyrylcholinesterase Inhibitory Compounds from Eschscholzia californica
(Papaveraceae). (Eng) Nat. Prod. Commun. 5(7), 1035-1038 (2010).

Cermék J., Krupkova A., Auerova K., Zamrzla M., Nguyen Thi T.H., Vojtisek P., Cisafova I.:
Tetramethyl(perfluoroalkyl)cyclopentadienyl Rhodium(I) Complexes with Ethylene or Diene Ligands.
Crystal Structure of [(1n’-CsMesCeF13)Rh(CO),]. (Eng) J. Organomet. Chem. 695(3), 375-381 (2010).
Cervenkova Stastna L., Cermék J., Cuiinové P., Sykora J.: Synthesis and Fluxional Behavior of New
"Haevy Fluorous" Cyclopentadienes. (Eng) J. Organomet. Chem. 695(4), 537-545 (2010).

Hetflej$ J., Sabata S., Podesva J., Kovatova J., Prokipek L., Netopilik M., Spévacek J., Sykora J.: Novel
Stabilisers Acting Simultaneously as Molecular-Weight Regulators in Soluble Elastomeric Polyurethanes.
(Eng) Polym. Degrad. Stabil. 95(4), 579-586 (2010).

Karban J., Sykora J., Kroutil J., Cisatova I., Padélkova Z., BudéSinsky M.: Synthesis of All
Configurational Isomers of 1,6-Anhydro-2,3,4-trideoxy-2,3-epimino-4-fluoro-p-D-hexopyranoses. (Eng) J.
Org. Chem. 75(10), 3443-3446 (2010).

Kastanek F., Sabata S., Solcova O., Maléterova Y., Kastanek P., Branyikova 1., Hetflejs , Zachleder V.: In-
Field Experimental Verification of Cultivation of Microalgae Chlorella sp. Using the Flue Gas from a
Cogeneration Unit as a Source of Carbon Dioxide. (Eng) Waste Manage. Res. 28(11), 961-966 (2010).
Krupkové A., Cermék J., Walterova Z., Horsky J.: Structural Defects in Polyallylcarbosilane Dendrimers
and Their Polyol Derivatives Characterized by NMR and MALDI-TOF Mass Spectrometry. (Eng)
Macromolecules 43(10), 4511-4519 (2010).

Kubec R., Cody R.B., Dane A.J., Musah R.A., Schraml J., Vattekkatte A., Block E.: Applications of Direct
Analysis in Real Time-Mass Spectrometry (DART-MS) in Allium Chemistry. (Z)-Butanethial S-Oxide and
1-Butenyl Thiosulfinates and Their S-(E)-1-Butenylcysteine S-Oxide Precursor from Allium siculum.
(Eng) J. Agric. Food Chem. 58(2), 1121-1128 (2010).

Kuncova G., Pazlarova J., Hlavata A., Ripp S., Sayler G.S.: Bioluminescent Bioreporter Pseudomonas
putida TVAS as a Detector of Water Pollution. Operational Conditions and Selectivity of Free Cells
Sensor. (Eng) Ecol. Indic. 11(3), 882-887 (2011).

Lachman J., Hejtmankova A., Sykora J., Karban J., Orsak M., Rygerova B.: Contents of Major Phenolic
and Flavonoid Antioxidants in Selected Czech Honey. (Eng) Czech J. Food Sci. 28(5), 412-426 (2010).
Pavela R., Sajfrtova M., Sovova H., Barnet M., Karban J.: The Insecticidal Activity of Tanacetum
parthenium (L.) Schultz Bip. Extracts Obtained by Supercritical Fluid Extraction and Hydrodistillation.
(Eng) Ind. Crop. Prod. 31(3), 449-454 (2010).

Sovova H., Galushko A.A., Stateva R.P., Rochova K., Sajfrtova M., Bartlova M.: Supercritical Fluid
Extraction of Minor Components of Vegetable Oils: B-Sitosterol. (Eng) J. Food Eng. 101(2), 201-209
(2010).

Storch J., Cermak J., Karban J., Cisafova 1., Sykora J.: Synthesis of 2-Aza[6]helicene and Attempts to
Synthesize 2,14-Diaza[6]helicene Utilizing Metal Catalyzed Cycloisomerization. (Eng) J. Org. Chem.
75(9), 3137-3140 (2010).

Topka P., Karban J., Soukup K., Jiratova K., Solcova O.: Preparation of AI-SBA-15 Pellets with Low
Amount of Additives: Effect of Binder Content on Texture and Mechanical Properties. Application to
Friedel-Crafts alkylation. (Eng) Chem. Eng. J. 168(1), 433-440 (2011).

Chapters in books

[17]

Kuncova G., Trogl J.: Chapter 2: Physiology of Microorganisms Immobilized into Inorganic Polymers.
(Eng) In: Handbook of Inorganic Chemistry Research. (Morrison, D.A., Ed.), pp. 53-101, Nova Science
Publishers, New York 2010.

International conferences

[18]

[19]

[20]

Blechta V., Schraml J.: 'H Detected SQSQ Experiment. (Eng) 25th NMR Valtice, Book of Abstracts, p. C-
6, Valtice, Czech Republic, 25-28 April 2010.

Cech J., Schrott W., Pfibyl M., Kuncova G.: Development of Slug-Flow Microfluidic Devices for Lipase
Catylyzed Reactions. (Eng) 2010 AIChE Annual Meeting Conference Proceedings, Program Book, pp. 1-
7, Salt Lake City, USA, 07-12 November 2010.

Cech J., Slouka Z., Schrott W., Pfibyl M., Kuncova G.: Enzyme Hydrolysis of Triglycerides in Segmented
Flow Microdevices. (Eng) 19th International Congress of Chemical and Process Engineering CHISA 2010
and 7th European Congress of Chemical Engineering ECCE-7, Summaries 5, p. 1739, Prague, Czech
Republic, 28 August - 01 September 2010.
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(26]

[30]

[32]

[34]

[36]

[37]

Cermak Jan, Cervenkova Stastnd L.: Light and Heavy Fluorous Cyclopentadienes - Challenging Way to a
Ubiquitous Ligand. (Eng) Green Solvents for Synthesis, Book of Abstracts, p. P19, Berchtesgaden,
Germany, 10-13 October 2010.

Cermak Jan, Krupkova A., Strasak T., Walterova Z., Horsky J.: Titanium-Containing Carbosilane
Dendrimers for Catalysis. (Eng) 17th International Symposium on Homogeneous Catalysis, Book of
Abstracts, p. 70 (SL-24), Poznaii, Poland, 04-09 July 2010.

Cervenkova Stastna L.: Nizko a vysoce fluorované silylcyklopentadieny. (Czech) High and Light Fluorous
Silylcyclopentadienes. 62. Sjezd asociaci ¢eskych a slovenskych chemickych spoleénosti, Sbornik,
Chemické listy 104(6), p. 424, 2010, Pardubice, Czech Republic, 28-30 June 2010.

Cervenkova Stastna L., Kurfiirst M., Cermék Jan, Sykora J.: Heavy Fluorous Silylcyclopentadienes and
Their Titanium(IV) Complexes. (Eng) 24th International Conference on Organometallic Chemistry, Table
of Contents, p. PS1-162, Taipei, Taiwan, 18-23 July 2010.

Cervenkova Stastna L., Kurfiirst M., Strasék T., Sykora J.: Syntéza a fluorofilni chovani fluorovanych
dechlorotitanocenti. (Czech) Synthesis and Fluorophilic Behaviour of Fluorinated Dichlorotitanocenes. 62.
Sjezd asociaci ¢eskych a slovenskych chemickych spole¢nosti, Sbornik, Chemické listy 104(6), p. 434,
2010, Pardubice, Czech Republic, 28-30 June 2010.

Duchek P., Dlouhy J., Sabata S., gpirkové M.: Influence of Starch Cationization on Mechanical Properties
of Organic / Inorganic Hybrid Material with Montmorillonite. (Eng) 11th Eurasia Conference on Chemical
Sciences , Book of Abstracts, p. 132(08-P-18), Dead Sea, Jordan, 06-10 October 2010.

Duchek P., Spirkova M., Sabata S.: Intercalation of Quaternary Ammonium Epoxide Into Montmorillonite
on Structure. (Eng) International Conference on Nanoscience and Technology ICN+T 2010, Peking,
China, 23-27 August 2010.

Duchek P., Spirkova M., Sabata S.: Montmorillonite Modification by Quaternary Ammonium Epoxide.
(Eng) NANOTECH India 2010, Cochin, India, 19-21 November 2010.

Franci¢ N., Rychtarikova R., Kuncova G., Lobnik A.: pH Responsive Sol-Gel Hybrid Materials Doped
With Colorimetric Sulfonphtalein pH Indicators. (Eng) 10th European Conference on Optical Chemical
Sensors and Biosensors - EUROPT(R)ODE X, Book of Abstracts, p. 163 (P105), Prague, Czech Republic,
28-31 March 2010.

Kaluza L., Sykora J., Karban J., Zaéek P., Vit Z., Zdrazil M.: Effect of Support on Activity of Transition
Metal Sulfides in Hydrogenation of 1-Methylcyclohexene Parallel with Hydrodesulfurization of 1-
Benzothiophene. (Eng) 42nd Symposium on Catalysis, Book of Abstracts, p. P18A, Prague, Czech
Republic, 01-02 November 2010.

Kaluza L., Sykora J., Karban J., Zaéek P., Vit Z., Zdrazil M.: Parallel Hydrogenation of 1-
Methylcyclohexene and Hydrodesulphurization of 1-Benzothiophene over Transition Metal Sulphides
Supported on Al,O3, TiO, and ZrO,. (Eng) 5th International Symposium on the Molecular Aspects of
Catalysis by Sulfides, Book of Abstracts, 26, Copenhagen, Denmark, 30 May - 03 June 2010.

Krupkova A., Cermak Jan, Walterova Z., Horsky J.: Charakterizace defekt ve strukture
polyallylkarbosilanovych dendrimerti a odvozenych polyoli. (Czech) Characterization of Structural
Defects in Polyallylcarbosilane Dendrimers and Their Polyol Derivatives. 62. Sjezd asociaci ¢eskych a
slovenskych chemickych spole¢nosti, Sbornik, Chemické listy 104(6), p. 433, 2010, Pardubice, Czech
Republic, 28-30 June 2010.

Kuncova G., Sabata S.: Organic-Inorganic Hybrid Materials in Biotechnology and Environmental
Protection. (Eng) International Symposium Devoted to the 80th Anniversary of Academician O.0.Chuiko
"Modern Problems of Surface Chemistry and Physics", Programme and Abstracts Book, pp. 60-61, Kyiv,
Ukraine, 18-21 May 2010.

Kufec M., Kuncova G., Branyik T.: Vital Fluor - a New Device for Yeast Vitality Determination Based on
NAD(P)H Fluorescence Measurement during Aerobic-Anaerobic Transition. (Eng) 19th International
Congress of Chemical and Process Engineering CHISA 2010 and 7th European Congress of Chemical
Engineering ECCE-7, Summaries 5, p. 1, Prague, Czech Republic, 28 August - 01 September 2010.
Pinkas J., Horac¢ek M., Varga V., Merna J., Sykora J.: Homogeneous and Heterogeneous Zirconocene
Silanolate Complexes as Precatalysts for Phenylsilane Dehydropolymerization. (Eng) 42nd Symposium on
Catalysis, Book of Abstracts, p. OP08, Prague, Czech Republic, 01-02 November 2010.

Pinkas J., Merna J., Karban J., Sykora J.: Detailed Analysis of Phenylsilane Polymers by *’Si NMR
Supported by GPC-NMR. (Eng) 11th Eurasia Conference on Chemical Sciences , Abstract Book, p.
132(08-P-16), Dead Sea, Jordan, 06-10 October 2010.

Rochova K., Sajfrtova M., Karban J., Sovova H.: Enrichment of Savory Extract with Volatile Compounds
Using Supercritical Fluid Extraction. (Eng) 9th Conference on Supercritical Fluids and Their Applications,
Proceedings, pp. 113-118, Sorrento, Italy, 05-08 September 2010.
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(Czech) Supercritical Extraction of B-Sitosterol from Stinging Nettle Root. 62. Sjezd asociaci ¢eskych a
slovenskych chemickych spole¢nosti, Sbornik, Chemické listy 104(6), p. 541, 2010, Pardubice, Czech
Republic, 28-30 June 2010.

Rochova K., Sovova H., Sajfrtova M., Bartlova M.: Enrichment of Supercritical Extracts in -Sitosterol by
Fractionation Process. (Eng) 19th International Congress of Chemical and Process Engineering CHISA
2010 and 7th European Congress of Chemical Engineering ECCE-7, Summaries 2, p. 606 (6 pp. full text
on CD-ROM), Prague, Czech Republic, 28 August - 01 September 2010.

Rychtéarikova R., Franci¢ N., Hetflejs J., Kuncova G., Gabriel P., Lobnik A.: Optical Absorption Sensors
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28-31 March 2010.

Sajfrtova M., Mascenik J., Sovova H., Bartlova M.: Supercritical Fluid Fractionation for 20-
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p. 542, 2010, Pardubice, Czech Republic, 28-30 June 2010.
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Schraml J.: Initiating a Chemist to NMR in Czechoslovakia; 50 Years Ago and What Followed. (Eng) 25th
NMR Valtice, Book of Abstracts, p. H-3, Valtice, Czech Republic, 25-28 April 2010.

Storch J., Karban J., Sykora J.: Vyuziti tandemové cykloisomerace k syntéze helikalnich molekul. (Czech)
Utilization of Tandem Cycloisomerization Leading to Helicen-like Molecules. 62. Sjezd asociaci ¢eskych a
slovenskych chemickych spole¢nosti, Sbornik, Chemické listy 104(6), p. 438, 2010, Pardubice, Czech
Republic, 28-30 June 2010.
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Molecules. (Eng) 3rd EuCheMS Chemistry Congress 2010, Niirnberg, Germany, 29 August - 02
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