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IL1

PAST, PRESENT, AND FUTURE
OF HYPERCROSSLINKED NETWORKS

V. A. Davankov, M. P. Tsyurupa, L. A. Pavlova Z. K. Blinnikova,
A.V. Pastukhov, M. M. Il Gn, S. E. Lyubimov, Yu. A. Davidovich

A.N. Nesmeyanowstitute of Organoelement Compounds, RAS,
Russia, 119991, GSP, Moscow V334, Vavilov str. 28, INEOS
[ -mail: davank@ineos.ac.ru

As early as 1969 Davankov and Tsyurupa came up with an idea of preparingetywerk-

type rigid polymeric structures where numerous briegjagts should maintain polymeric
chains at a certain distance from each other in both swollen and dry states. In order to meet
the latter condition, the network construction must be prepared ity 8glollen state and
acquire high rigidity. The first material of such type was hypercrosslinked polystyrene (HP).
The general basic principle of preparation of HP network thus consists of intensive
crosslinking of sufficiently long polystyrene chains aiugion (or in a strongly swollen gel of

a styreneDVB copolymer) with numerous rigid bridges.

g g

CH,CI

CH30CH,CI
3 3 CHOCRL,  chyc CIHZC
3 choH :

CH, (:H2

Figure 1. Principal scheme of hypercrosslinked polystyrene synthesis.
This approach results in obtaining uniformly crosslohkenglephase opemetwork polymers
with developed intrinsic hanoporosity and unique ability to swell in any liquid and gaseous
media. Noteworthy, HP is characterized by a-tygmcal physical state, it belongs neither to
glassy, nor rubbeike polymers.Owing to particular structure and properties HP represents
an excellent adsorbing material for largmale purification and separation of organic or
inorganic compounds, solghase extraction of trace components in analytical chemistry, as
matrix for caalytically active nanocomposites, etc. Very impressive are the results of using
hypercrosslinked polydivinylbenzene and polystyrgypee hemosorbents for efficient
detoxification of blood. Quite unusual are newly prepared HP materials with ultimate
crosslnking densities of up to 500% where each phenyl ring is involved into formation of five
methylene bridges. These sorbents are black in color and strongly retain small polar
molecules as urea and even mineral electrolytes. Monodispersed microbeads ofdtd® can
be obtained for packing HPLC columns, but this technique still remains to be optimized.
Hypercrosslinked nestyrenic networks, i.e. polyvinylpyridine, polysilsesquioxane etc. can
also be prepared but their properties are barely examined thus far.

V.A. Davankov, M.P. Tsuyrupa. Hypercrosslinked Polymeric Networks and Adsorbing Materials. Synthesis,

Properties, Structure, and Application. Elsevier, 201
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PRECISION POLYMER SYNTHESIS
IN SUPPORT OF INNOVATIVE CATALYSIS

E. Manoury,® S.Chen? F. Gayet? R. Poli®*, X. Zang,” W. Zhang,” M. Lansalot,”
F.D6 A g §*Bt Gharleux,” A. Cardozo?° C. Julcour,® J.-F. Blanco’ H. Delmag*

3_CC, 205, route de Narbonne;3077 Toulouse, FrancBUni ver si t ® de Lyon,
308F, 43 Bl du 11 Novembre 1918, 69616 Villeurbanne, FrahteGC, 4 Al | ®e E mi
Monso, BP 84234, 31030 Toulouse Cedex 4, France.
{ -mail: rinaldo.poli@lcctoulouse.fr

Aqueous biphasic catalysis is a most convenient protocol for industry but is limited to the
convasion of organic substrates with non zero water solubility when the catalyst is water
soluble. The most famous example is the Ruhrchemie hydroformylation of propene catalyzed
by Rh/TPPTS, which is not applicable to the less soluble higher ofefitively
investigated stratagems include the use of additives (e.g. cyclodextrines), thermomorphic
systems and micelles. The latter hold promise but are negatively affected by the formation of
stable emulsions due to swelling, and catalyst loss at the watertong@nface. We propose

an innovative solution consisting of cermosslinked micelles to yield unimolecular
amphiphilic coreshell catalytic nanoreactors. The presentation will highlight the synthesis
and characterization of these nastgects and theirfirst catalytic application to the
hydroformylation of 1octene. Small organic molecules and the Rh precatalyst easily cross the
hydrophilic polymer corona and interesting information was obtained on the antlainter

particle Rh exchange dynamics. Thectene hydroformylation occurs efficiently in the core

of the particles under aqueous biphasic conditions and the catalyst could be recycled several
times by simple decantation with low Rh leaching.
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! (@) R. Tudor and M. Ashleylatinum Met. Rey2007,51, 164171. (b) R. Tudor and M. Ashleflatinum
Met. Rev.2007,51, 116126.

This work was supported by the Agence National de la Recherche (project na1A38ER7
025-01).
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HYPERCROSSLINKING: A NEW ROUTE TO POROUS POLYMER
MONOLITHS WITH VE RY LARGE SURFACE AREA

F. Svec

The Molecular Foundry, E.O. Lawrence Berkeley National Laboratory,
Berkeley, CA 94728139, USA
E-mail: fsvec@Ibl.gov

The first generation of porous polymer monoliths emerged in the early 1990s. Their well
known advantages included ease of the preparation, robustness, high permeability to flow,
and mass transfer via convection. These features made them useful for the chromatographic
separation of large molecules such as proteins, nucleic acids and synthetierp, and as
supports for immobilized enzymes. However, these monoliths lacked mesopores. Therefore,
they exhibited only a small extent of surface area. This problem then prohibited the polymer
based monolith from use for the highly efficient separatimirsmall molecules. To avoid this
weakness, we have developed and demonstrated the second generation monoliths prepared
using method called hypercrosslinking developed by V.A. Davankov at INEOS in the late
1960s (1). First, we hypercrosslinked poly(cblmethylstyreneco-styreneco-
divinylbenzene) monolithic polymers and obtained materials with a surface area as large as
600 nf/g that enabled the desired separation of small molecules. We also used two
approaches to modulate the chemistry of these pamsolithic polymers: (i) chemical
reactions of the hypercrosslinked polymers (2,3) and (ii) hypercrosslinking of copolymers
containing functional styrene derivatives such ascdtoxystyrene and-hethylstyrene (4).
Recentl vy, we U s e eo-divipylbentene) mopadithsya(idshiypercresslirked

t hem wi t h external c -bigfcblardmietnykle, rdipNenyl M@l udi ng
bis(chloromethyl)benzene, and dimethexgthane (5).Polymers with extremely large
surface areas reaching up to 908gwaere obtained via hypercrosslinking precursor monolith
polymerized for only 2.5 h. The chromatographic performance of monoliths modified using
this new procedure was comparable with the performance obtained with monolithic polymers
containing chloromethylstgne. However, the optimization of the binary copolymer
poly(styreneco-divinylbenzene) precursor is simpler than that of ternamgopolymer
containing chloromethylstyreneAll our experiments were carried out with monoliths in
capillary format (6) and thilayers (7).

1. V.A. Davankov, M.P. Tsurupa, Hypercrosslinked Polymeric Networks and Adsorbing Materials: Synthesis,
Properties, Structure, and Applications. Elsevier, Amsterdam, 2011.

2. J. Urban et al. Anal. Chem. 20B2, 16211623.

3. J. Urbaret al. J. Chromatogr. A 2010217, 82128221.

4. F. Maya, et al. J. Chromatogr. A 201317, 32-38.

5. F. Maya, et al. Polymer 20135, 340-346.

6. Y. Lv et al. Anal. Chem. 20134, 84578460.

7.Y.Lvetal J. Chromatogr. 2013,1316 154159.
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CATALYTIC SYSTEMS BASED ON METALLOCOMPLEXES
FOR PRECISION SYNTHESIS OF FUNCTIONAL POLYMERS

D. F. Grishin
Lobachevsky State University of Nizhny Novgorod,

Gagarina Prospect, 23, 603950 Nizhny Novgorod, Russia,
e-mail: grishin@ichem.unn.ru

More than 100 million tons of different homand copolymers or more than 20 kg per capita

(") are produced worladvide every year by means of conventional radical polymerization as
the main methods of polymer synthesiswvHov e r I tdéds very difficult
over macromolecular structure, molecular weight and molecular weight distribution during
free radical polymerization because of free radicals are very active intermediates with
dramatically short lifetime.

Providing a Controlled/Living Radical Polymerization (CLRP) is a possible solution of this
problem. It is the most remarkable method for applying radical polymerization technique for
precise polymer synthesis. The main direction of CLRP is Atom Transéatic&
Polymerization (ATRP) which is based on the use of organometallic species as catalysts.
ATRP opens up new opportunities for obtaining vagfined polymeric architectures,
inaccessible by other methods. In this report the complekesthenium, irm, cobalt and

some other metals were proposed as catalyst for obtaining precise polymers based on
(meth)acrylic monomers.

The ruthenium compounds with carborane ligands were tested as catalysts for controlled
radical polymerization of (meth)acrylic monoraeihe polymerization preceded up to high
monomer conversions (more than 80%) giving welfined polymers with predicted
molecular weights. The living nature of polymerization was proved bygemgp analysis by
MALDI -TOF mass spectrometry and by the hssof post and blockpolymerization.

The influence of big4,6-di-tert-butyl-N-(2,6-dimethylphenylhtsiminobenzosemi
quinonato]cobalt(ll) Co(ISQ-Me),) on the radical polymerization of methyl methacrylate
initiated by azobis(isobutyronitrile) or haloggad hydrocarbons (ethgtbromoisobutyrate,

CCly) in the presence of amines at®® A4y wa s iltnvasefeundithgtaCo(ES®e);

may as catalyst in ATRP process and trapping agent in Organometallic Mediated Radical
Polymerization. The CLRP mechanismas confirmed by firsbrder of semilogarithmic plots

of In([M]o/[M]) versus time, linear growth of molecular weight with conversion of monomer
and synthesis of block copolymers.

Iron carbonyl complexes: [CpFe(C{) CpFe(CO)Cl, CpFe(COBr and Fe(0), n
combination with various organalide compounds were tested as the initiating systems in
vinyl chloride (VC) and acrylonitrile (AN) polymerization provided at different temperatures
(50-7 G4 It was shown that such initiating systems allow conducting polymerization without
self-accelerdon up to high conversions. The molecular weight,)(lef synthesized polyVC

and polyAN increased in direct proportion to monomer conversion. The use of the
synthesized polyVC as the macroinitiator led to the formation ofgagmer. Synthesis the
block-copolymers with monomers of various activity (vinyl acetate, methyl methacrylate,
acrylonitrile, styrene) of the basis of the synthesized polyVC was investigated. The systems
based on iron complexes allowed to synthesize polyVC and polyAN in soft temmperatu
conditions and to modify its properties.

The work was supported by Russian FO3ndati c
00064a).
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EVERYTHING NEW IS THE WELL -FORGOTTEN OLD.
THE 1,3,5TRIAZAPENTADIENE CASE

V. Yu. Kukushkin

Institute of Chemistry, Saint Petersburg State University, Universitetsky Pr. 26,
198504 Stary Petergof, Russian Federation
kukushkin@VK2100.spb.edu

Despite their discovery more than a hundred years ago, the chemistry of 1,3,5
triazapentadienes (TAPYhich comprise the class of nitrogen analogueb-diketones, is

much less developed as compared to the related ooareaining species. Unlike the other
N-derivatives of b-diketones, such a®-iminoketones andb-diimines, TAPs bear one
additional donossite at the central N atom, and recent DFT calculations indicated that these
species possess an even greater potential for sequestering various metal centers'(e.g., Cu
zn", and Pd) than the relateth-diketones. Until now, the experimental approadise$AP

metal complexes were poorly developed, in spite of the fact that some members of this family
are known to exhibit useful properties.

(¢ o NH O NH  NH

b-diketones biminoketones b-diimines

NH  NH Sy NNy N
A A L
1,3,5-triazapentadienes
In the framework of our ongoing project on reactions of rattivated nitriles and
based on our interest inghchemistry of TAP transition metal complexes (see references
below), we have elaborated novel general protocols for metdiated generation of TAP
species. Neutral bishelated platinum(IlTAP complexes were found to exhibit intensive
phosphorescent ¢perties. In addition, TAMased metal complexes support weak
interactions of small molecules (e.g., solvents) and allow the identification of unusual

hydrogen and halogen bondings. All these issues will be presented, along with a brief
overview of the lierature on excising TAP systems and their properties.

Publications f r onon méainsedidied gedesatiog of d APgomplexes:
Inorg. Chem, 52 (2013) 637848 (2009) 867848 (2009) 258347 (2008) 308844 (2005)
5152;42 (2003) 7239 Dalton Trans, 2008, 5220Chem. Eur. J 13 (2007) 786;,JACS 126
(2004) 15040; i{() phosphorescent properties of (TAP)Bystemsinorg. Chem, 47 (2008)
11487; Dalton Trans, 2006, 3798;i{i) weak molecular interactions supported by TAP
speciesd. Phys Chem., A117(2013) 2827 Dalton Trans, 41 (2012) 6922 Crystal Growth

& Design 10(2010) 4839Eur. J. Inorg. Chem 2007, 4621.

The speaker is deeply indebted to his coworkers, first of all to Dr. P.V. Gushchin and Dr.Sc.
N.A. Bokach, for their ehtisiasm in developing the triazapentadiene project as well as for all
stimulating discussions. Financial support from Russian Foundation of Basic Research
(grants 1203-00076 and 133-12411) and Saint Petersburg State University (research grant
12.38.7812013; 2014 2016) is gratefully acknowledged.
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STEERING ASYMMETRIC CATALYSIS
WITH METAL CENTROCHIRALITY

E. Megger$™®, H. Had®, L.-A. Cher®, L. Gond’

®Department of Chemistry, Philippgniversity Marburg, HandvleerweinSt r a Ce, 3504 3
Marburg, Germany”College of Chemistry and Chemical Engineering, Xiamen University,
Xiamen 361005, P. R. Gla
[ -mail: meggers@chemie.umarburg.de

This presentation will give an overview of recent contributions from the laboratories of the
authors to exploit octahedral stereochemistry for the design of novel asymmetric catalysts.

1.) Metattemplated asymmeétrc  fi o r g a n"oV¢hidetthe tegtrslttransition metal serves

as a structural ankerpoint and provides metal centrochirality, catalysis is mediated through the
organic ligand sphere. Applications to asymmetric hydrdgmrmmediated catalysis and

chird BrBnsted base cat alysis are provided.

O N—I;ZBAFFQ.;
s % i

N H

L O 0.1 mol% 04/

tBuOZC)\frOQtBu
\ .
Ph CO.iPr
CO,iPr
5.0 e
aNo, (569 Sen) o NOZ (50eq) {
toluene r.t. for 96 h toluene, r.t. for 12 h N

89% yield, 94% ee 95% vyield, 93% ee
Fig. 1. Asymmetric hydrogen bonding catalysis with inéttdomplexes.

2.) Octahedral chiraatmetal Lewis acid catalysfsin this design, the metal fulfills a dual
function by coordinatively activating a sstbate and at the same time serving as the sole
source of chirality. Applications to asymmetric Michael additions and enolate chemistry are

provided.
tBUQ +PFg &
o AN

Me\c\‘\ N, \ o stable l I %
labile ligands .- - 3= metal-centered T B { N \
N chirality N 3 N2 D
c> S e [ VAR
Me” o —— |
) o 1N

tBu—@’o = oLl e ) e

Y S
~ T A3,

indole (2.5 eq) O CHj3 G i : .
v)J\/\ A-Ir cat (0.25 mol%) NW \\__‘ s / ’\f _
<» THF <,N R NH / l -

room temp. SiPr
91% yield, 97% ee

Fig. 2. Substitutionally labile yet configurationally stable chaaly-atmetal I"' complex as
asymnetric Lewis acid catalyst.

Chenet al.J. Am. Chem. So2013,135, 10598 10601.

1. L-A.
2. L-A. Chenet al. Angew. Chem. Int. E@013,52, 14021 14025.
3. H. Huoet al.J. Am.Chem. So0c2014,136, 299G 2993.
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THE SELF-ASSEMBLY OF AMPHIPHILIC POLYMERS IN WATER:
WHAT HAVE WE LEARNED OVER THE LAST 30 YEARS ?

E. M. Winnik *

Faculty of Pharmacy and Department of Chemistry, University of Montrea12B
Succursale Centre Ville, Montreal QC H3Z 3J7 Canada
WPI Center for Materials Nanoarchitectonics, National Institute for Materials Science,
1-1 Namiki, 21, Tsukuba, Ibaraki, 308044 Japan
Department of Chemistry and Faculty of Pharmacy Universityatéibki, A. 1. Virtasen
Aukio 1, 00560 Helsinki Finland
[ -mail: francoise.winnik@umontreal.ca

In the early 1990's, watasoluble polymers carrying a small number of long alkyl or
perfluoroalkyl groups, known as associating polymers or hydrophobiraltified polymers,

were intensely studied in industrial labtories. This interest was driven by the growing
emphasis on replacing dilased industrial fluids by environmentally benign wdteme
paints, coating fluids, or enhanced oil recovery fluids. It turned out that associating polymers
added in minute amots to water act as excellent thickeners, gelating, and viscosifying
agents in industrial fluids as well as in foodstuff, cosmetics, and pharmaceutical formulations.
The useful macroscopic functions of amphiphilic polymer are a consequence of tharidtra
interpolymeric association of their hydrophobic substituents into small clusters. These
hydrophobic domains are fragile and can be disrupted reversibly by external stimuli, such as
heat, changes in solution pH or ionic strength. These phenomena ledytlte the thriving

field of responsive polymers, an important topic in contemporary fundamental and applied
polymer science.

I will discuss current work in my group on the solution properties of amphiphilic derivatives
of polysaccharides, polyfis$opropybcrylamide), and poly¢sopropyt2-oxazoline) studied

by scattering techniques, photophysics, microcalorimetry, and NMR spectroscopy (1, 2, 3).

1. X.P. Qiuet al. Polymer Chem2014,5(11), 3656 3665.
2. E. Korchaginat al. Macromolecule2013,46(6), 2341 2351.
3. N. Morimotoet al Chem. Commur2014, DOI , 10.1039/C4CC03199G

| am greatly indebted to my students and coworkers for their dedicated research efforts,
especially Dr. X. P. Qiu who prepared several precisely designed polymers necessagey for
studies | will discuss, and Dr. P. Kujawa and E. Korchagina for their thorough physico
chemical studies of complex solutions.

This work was supported by the Natural Sciences and Engineering Research Council of
Canada (Discovery Programme), the CanadRoundation for Innovation, and the World
Premier International Research Centre initiative (WPI) MEXT, Japan.
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WEAK INTERACTIONS AND M -H BOND ACTIVATION

Elena Shubing Natalia Belkova, Oleg Filippov, Lina Epstein

A.N. Nesmeyanov Institute of Organoelement Compounds, Russian Academy of Sciences,
Moscow, RUSSIA
[ -mail: shu@ineos.ac.ru

Proton transfer involving transition metal hydrides and/or heteradytitting of dihydrogen

are important steps in many catalytic processes, including ionic hydrogenation and reduction
of H' to H,. Being a weak interaction, hydrogen bonding is a good tool to probe the electron
density distribution in the molecule grourtdte. At that its formation is a first, incipient step

of proton transfer reaction. In this contribution we will discussimportant role, which
hydrogen bonds play in the chemistiytransition metahydrides.Transition metal hydrides

can act as protordonors orproton acceptors irhydrogen bondingl- 4] Formation

of M-H"L WA or M-H™L L LhBdrogen bonds entails amdditional polarization
(repolarization) of an MH bond and, thus, activates it (tunes its reactivity). At thati M
bonds are easier @uized and more reactive thanHE" bonds of similar proton donating
strength [3] or XY bonds of organic bases: proton transfer to or from transition metal
hydrides takes place at substantially lower hydrogen bond formation energy.[3, 4] The
reaction mecanisms and the possible types of potential energy profiles will be discussed on
the basis of experimental and computational results[4,5]. The peculiarities of proton transfer
between the two transitiemetal hydrides with opposite polarities will be alsmnsidered.
Formation of MH"L 'H-M6é di hydrogen bond, detected onl
proton transfer and formation of very unusugh“-H, species featuring an e
coordination mode between the two transition metals. Such complexes could be regarded as
models for tle heterolytic H splitting by transition metal based frustrated Lewis pairs. Finally
the examples of the crucial role of weak sofsdvent interactions will be given to discuss

the specific and nespecific solvent effects in proton transfer involvingrsition metal
hydrides.Overall, the knowledge acquired opens the possibility for tuning the reactivity of
hydride and dihydrogen complexes and for governing the reaction pathway.

1. E. Shubina;The Silver/Gold Jubilee International Conference on Orgaetattic Chemistry Celebratory
Book First Edition. Ed.: A. J. L. Pombeiro. John Willey & Sons, B@l4chapt.8, 97

2.V. A. Levina,J. Am.Chem Soc2006 128 3486

3.V. A. Levina,J. Am.Chem Soc201Q 132, 11234

4. G.A. Silantyev,Inorg. Chem2013, 52, 1787

5. 0.A. Filippov,ChemPhysCher2012, 13, 2677

6. 7.V. A. Levina,Angew. Chem. Int. EQR011, 50, 6, 1367

Thi s wor k was s uppo r0B@%94)land byt ChvisionRF@éEmistfy andl 4
Material Sciences of RAS.
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. I. T. ChizhevskyCoord. Chem. Re2007,251, 15901619.
. E. V. Balagurovat al.J. Am. Chem. Sq2007,129, 37453753.
. I. V. Pisarevat al.Inorg. Chem.2004,43, 62286237.
. V. Safronowt al. J. Organomet. Chen2003,680, 111-123.
. V. Safronowet al. Organometalks, 2004,23, 49734979.

A. 1. dumttbtsdzipg , , 2604, @875.879 3.
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TWO CLUSTERS ARE BETTER THAN ONE: DEVELOPING
THE CHEMISTRY OF BIS(CARBORANES)

A. J. Welch?, G. Sivastbramaniam, W. Y. Man, A. P. Y. Chan, D. Ellis

Institute of Chemical Sciences, Heridfatt University, Edinburgh EH14 4AS, UK
[ -mail: a.j.welch@hw.ac.uk

At 52 vyears old the chemistry of carborands only slightly younger than the

A. N. Nesmeyanov Instite of Organoelement Compounds and consequently it is often
regarded as a mature fiéldBis(carboranes), e.g. Fig. 1, in which two carborane clusters are
connected by a singleiC, G B or BiB bond, also have a long histdrigut, somewhat
surprisingly, the chemistry is in comparison very poorly developed.

This talk will summarise some of our recent results in
developing the chemistry of bis(carboranes), particularly
bis(ortho-carborane). In two areas, reduction
/metallation and decapitation/metallatjothe talk will
focus on the sometimes surprising differences in the
chemistries of bis(carboranes) and carboranes, including
in the former area the formation of a compound in which
an aromatic €C bond has been cleaved under ambient
conditions (Fig. 2f, and in the latter area some examples of unusual isomers and
isomerisations (e.g. Fig. 3). Finally, some very recent research being developed in
collaboration with Igor Sivaev will be described that useohtis¢-carborane) to capture both
transitionmetd and main group fragments, the latter building upon initial studies done in the
A. N. Nesmeyanov Institutie the late 19703,

Fia. 1 Bisbrtho-carborane)

Fig. 2 Fig. 3
1. First reference: T. P. Onak, R. E. Williams and H. G. Wdis8m. Chem. S04962,84, 2830
2. R. N. GrimesCarboranes # Ed. Academic Press, Oxford, UK, 2011.
3.J. A. Dupont and M. F. Hawthorn&, Am. Chem. Sgcl964,86, 1643,;
4. D. Ellis, D. McKay, S. A. Macgregor, G. M. Rosair and A. J. Wekingew. Chem. Int. Ed2010,49, 4943.
5. A. I. Yanovsky,N. G. Furmanova, YuT. Struchkov, N.F. ShemyakinandL. |. Zakharkin lzv. Akad. Nauk
SSSR, Ser. Khipl979, 1523.

This work was supported in part by the Engineering and Physical Sciences Research Council
(EPSRC), UK, under project EP/1031545/1.
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PUTTING TO WORK REDOX ACTIVE LIGANDS
FOR TRANSITION METAL ORGANOMETALLIC CHEMISTRY

K. G. Caulton

Indiana University

This talk will explore the idea that ligands have until now been lazy, passive spectators and
that we should expect more from them: storage of redox equivalents. The electronic
characteristics of a number of nitrogertdrecycles, chosen to be robust in the anticipated
catalytic chemical reaction environment, are analyzed for their potential to support reduction
or, in other cases, oxidation. This leads to the provocative idea that a ligand, typically thought
of as simpy a Lewis base donor, can be an oxidizing agent or a reducing agent when it
encounters a metal of appropriate complementary character. Once the metal ligand assembly
is charged with, for example, reducing equivalents, then the question of "where are those
electrons?" must be explored, both experimentally and computationally. Finally some
examples testing whether these "electron shuttles” can accomplish challenging
transformations with normally refractory substrates will be discussed, together with the
possbility of accompanyingoroton transferfor proton responsive ligands. Examples will be
chosen from among the metals iron, copper, vanadium and ruthenium. The usayof X
photoelectron spectroscopy will be discussed for its potential to serve as the,etugiv
highly desirable, "oxidation statameter."

(Hbtzp)VVCL,O or (Hbtzp:)VIVCl,O?

23



IL19

MAGNETICALLY RECOVERABLE NANOCATALYSTS: SYNTHESIS,
STRUCTURE, AND PROPERTIES

L . M. Bronstein®®°

®A.N. Nesmeyanov Institute of Organoelement Compounds RAS, R/ &ti, Moscow
119991, Russidlndiana University, Department of Chemistry, 800 E. Kirkwood Av.,
Bloomington, IN 47405, USAKing Abdulaziz University, Department of Physics,
Jeddah, Saudi Arabia
[ -mail: lybronst@indiana.edu

Magnetically recoverabl catalysts attracted considerable attention due to combination of
catalytic properties with easy catalyst recovery from reaction mixtures and their repeated use.
Magnetically recoverable catalysts allow conservation of energy, more environmentally
friendly processes and cheaper target products. Normally, these catalysts consist of
functionalized magnetic nanoparticles (NPs). Among various magnetic materials, magnetite
and maghemite are often preferred due to their strong magnetic response and stability in
ambient conditions. Functionalization of these NPs can be carried out in several ways
involving surfactants, polymers, or other functional capping molecules. One of the approaches
is the posssyntheses functionalization, i.e., iron oxide NPs are firsthegited and then
functionalized either by ligand exchange reaction or by placement of polymer chains on the
nanoparticle surface. The other method is direct formation of magnetic NPs in the presence of
functional ligands followed by incorporation of catadyspecies in the ligand shells.

In this talk | will discuss both methods of magnetic NP functionalization as well as their
advantages and disadvantages. Formation of magnetically recoverable catalysts and their
catalytic properties will be also discusséthe postsynthesis functionalization allows one to
employ monodisperse magnetic NPs synthesized in optimal conditions and in general, it is a
robust procedure, however, it is difficult to control the distribution of functional ligands on
the NP surfaceThe direct NP synthesis in the presence of functional ligands allows uniform
distribution of functional capping molecules on the NP surface. Figure 1 shows an example of
such magnetically recoverable catalyst based on the third generation polyphenidghepyr
dendrimer and containing Pd NPs. These capping molecules lead to the formation of
ferrimagnetic multicore mesocrystals with an ambient blocking temperature, allowing easy
magnetic switching.

Figure 1. High resolution transmission electron microscopgges of multicore magnetite
mesocrystal (a) and the magnetically recoverable catalyst (b). Inset in (a) shows a Fast Fourier
Transform image. In (b) smaller particles represent Pd NPs (red arrows), while larger particles
are the iron oxide NPs (yellowraws).
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CHEMICAL DESIGN OF CHA LCOGEN-CONTAINING
ORGANOMETALLIC CLUSTERS

A.A. Pasynskii, Yu.V. Torubaev, I.V. Skabitsky, S.S. Shapovalov, A.V. Pavlova

N.S. Kurnakov Institute of General and Inorganic Chemistry, Moscow, Russia
aapas@rambler.ru

The chalcogertontaining organometallic complexes were used as ligands to complexes of
different transition metals (M). JRay analyses data showed the common features: a) sharp
shortening (from 0.15 to 0.3 A) of formally ordinary-Mbonds (E = S, Se, Te) and-R1
bonds[1] compared to the covalent radii sum (CRS) [2]; b) eleetmmpensating
rearragment of clusters.

1. The coordination of CpFe(C&ePh as ligand:

S oo [0
v H R H
?e /Pe* .:g CPFe(CO)y* CIRe(CO)y(THF), oc//':e\re/‘e\Te/Fe\co
oc— g [P0 <—— 2CpFe(CO);TePh ——= oc “ \
co T\ THF °0
oc co -2CO

2. The cyclization of CpFe(C@lhekFc:

||=c
Fe(OC),Cp—Te hv Te
\ ﬂll Fe/ — \_ Fe\\\\\“\
Fc S~ . —
/

Fc

o
A Te Te_ e
T IR

|//

3. The coordination and transmetallation of [CpMn(g¢&, (E = S, &, Te)

Cr(CO)<(THF)
[CpMn(CO),],(E,) >  [CpMn(CO),],(E»)[Cr(CO)s],

l (PPhj;),Pt(Ph,C,) (PPh;),Pt(Ph,C,) l

co 7%,

s
. ¥ CO
I
PhsP— | Mn—" /pt/ \%/CO
PPh; PhsP— | oC oo
&) PPh
3 co

[1]. A.A. Pasynskii Russ. J. Coord. Chenp2011, Vol. 37, No. 11, p. 801
[2]. Cordero, B., Gomez, V., PlateRrats, A.E., et alDalton Trans.2008, p. 2832
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BOIstcd yr sBdZzOH OB Is Mots2Mlse sdztcdfipts § B tzPlzdzetsc € d g e
sO0Cdd3 tsBOL 53, 9 nfBHJ] wOBTKSIST B d&zs f s5¢€ OL OdzO
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Bts?2 BtOL jy Mddzlsj s ddfusi ks ctise tf tisddziftsizy) the OdzAnpsténtds@s
Cesliisdzj € k& dz, slsdzd yos hdamw ydmpdzOdzd d3tsdats d3j to dz'
mMsd Hddzj dzd v . v O¢, ydmazs dLtsd3j tetse ot d3dat
jorhols: ydmdzs ¢otsc OHtcts. JudodHudzfy MBOGsdists
HO f sdzd dzj tcdz’ ~ sBtcOL ytsoe BsY JIs B' Is! smizh
sV Isdzgsfls dats G ts fSHRtSHO. [ G1S dHd d, ZzOtW H Iz
ftcOCIsdyd M& dn LOHOY ®©OMYYy s ~OLOSIsjtedmlsd¢ Mt
f sdzd di3j ets o, fshis O O K Mis f el A WF And di3q d f s
Sfdtse s sdz0c O "dj tBhdj fteddydfr d dr §tddhj dy
d §tdzdSsdHj dhOyd sdedz » f tsdzd d3d te ts ePringjplesos thej dz' )

quantitativedescriptionof the chemicalstructureof syntheticpdymersd [ 1Pfinciplesdi
statisticalchemistryasappliedto kinetic modelingof polymerobtainingprocesses [ 2] .
sdzj HEjls LOdgJ IsdIs+ | Yylsts OSCIskzOdz detsmls f etsB dzj O3
slsd3j yd dz© o Mo tsv oty 3w 1. 1. sEieh PCEdH ' ¢ I8 BB
Odzdj dzO 9 O detsfilsy W OCIBKO WOL dztsL 9 § dzdes s
mMedds foddkjttod [3]. RA3 o tlsd o
| dzls Odz! dz' = tcOB I s dL zyJ dzd ¥ L O dM(
| dzf) @ daj & d usilsm ¢ d f OOd3] Istets o i sdzd ¢ t5dzH |
MsOIsdmlsdyd M 2 ~dd&dd f sL 9 tsdzd dzts
| dzls Odz' dz" | H Odzdz" § , i sdzlz yJ dzdz § mMlstclz
d B &zd Gf ks dzd ¢ tso Odz' wp NBBUd C © sMEals
(20 tod d3d to, sBLtSte [ 4]) . ltedo J HY dadz" |
JIsdzr 7 ftoeddzitese 1L WWjCIlsdodetsisd dMmf sdz L
sdzd S sdzH § dzZMOydtsdedz" = §sdzd 3 etse 1 Isd d3d
j Mlse j dzgdzsd3 S dmMOdzd d ftesHECIstse tcOHJ S C
| MC 52 BsHdWdSOydd f sdzd d3J tets @ [ 6] . Cls
mModz dzsmisd , fsLosdzwels dmmdzi His9 Olsj dzs EMmls
sSL i3y dz" ~ nOtcOCIs] tekfflisddcr - dfdial PIgA 82 dmistc OL
g3 eso s EmMdzsea d?2 dr MddzsjL ©. Gl tsBMIssW IS
ftiosedzsL Jtctso Oded W sfilsd 30dz dz' = Emdztse d 2 s
L OH Odzdz' dzd Mo ts2 Mis o OTHeoret(cdipgmproachedatptedectodzgf Balymei
propertiee [ 7] ) .
l Moty df BBL Sdzesd3 HBSC &ZOH] W JtojHY sdzZOc 0O 9o i
Ctdalv jtojdzydd M tsBhddid dHIWdBd MsOldmisduj s s?
dzj S slstster j] Hftoddzd e CdeCtgjlsdgr » tWJjLEdz SOIstse  j Y
1. S.I.KuchanovAdv.PolymSci 2000,152, 157201.
2. S.Kuchano\Adv.Chem.Eng2010,39, 166:199.
31 .1 . sstch O¢ ¢ OL dzgsL 9 j dzgdetsls! f sdzd Bj esoe, 1 OECO, [ BMLoC
4.V.V.Korshaket al. Journ.Macromol.Scil976,C14(1), 27-63.
5. S.I.Kuchano\Adv.Polym.Sci1992,103 1-101.
6.S. 1 . Kuchanov | n: iMat hemati cal Met hods i n Contempor e

Publ., Amsterdam, 1996, Chapter 5, pp-3638.
7.S.1.KuchanowRussian Journ. of General Che?211,81 (1), 268276.
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J-dBisls O dzdz. Mmislsw W stedzOdz! dzgts ISOC k¥ (feojCyde OCdit
fpdzd s j dz! detsy  ftedMmtsj Hddzj ded § (Misj fj @&MO ¢ dmd
Zzdyde Ojlsfmqw dzO@ Hoej JHdddyr), sé¢dimddlsj d dfs,
Bd dz0 ( s RBIK) s olffddjy dzts H dzw CststeH d dzO0¢(d s dzdzts
f dzj ¢ Msee. Odgfdye 18OtcB 5dzed dzts © fjtojnH R i34 Is
d Misdzr dzy BT dz( .

HOo degts OB B' dZO 5B dZOtclzy j dzOE-aBjta@Ld3fiplsvd df @ tg slatsd
sstc OW ftedosHdls ¢ ftesHEZSCIE SCdMmddlsj d dtsct
VIiNnReBr(CO),], c 5H dzts 9 tc %JWOQ@@@G OwHod.dj ftdL dzO¢d
Isjtoj s8CBsdzo jJtocg j dzgydqdw, WslssMmisd Bzdzd tetso Odzd j , osL
th’ntzlsﬂsIB;dsﬂﬁqucihydzdztsGts nddesdzd sOdO d  NaK d dzd yd
COLM 908 s dz@y jtf QasRS @Ffp'rddslzd L i3 f esyd MMO:
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: [Re(CO)s |
E Br Br| -B -

2. Juccouyuayusi
CO nuzaHda

o .
co L@\Re(CO)s

[Re(CO)s]

1. CoyemaHue
19-e padukara ¢ HyKineogusiom

R j BO 1@ dEs? Bj R OdedL 8 SCdMmdzdlsj dz' dzts@ ts
0 ddzd dzc Odztsr(GAMFT H © €& |

SOC BEHjl §BCOLOdms, OdOdsedydov tjocydy

o dded dzg OdztsG j degd H O3, o Istsd3 ydmdzy yd&dzd uff MCdd3

BtotsdiB j dzL tsdzd Is tc d dzts 3.

1. P.K. Sazonov, D.S. Ptushkin, V.N. Khrustalev, |.P. Beletskagdpn Trans2013,42, 42234231.
{ OBBlSO o' fisdzdzj dz0 ftod W JdzOdztsots2 fHSHHj Y S §
dMmidzj Hse Oded 2 S )f. t o1 (° 1
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CERTAIN OF THE APPROACHES TO GOVERN THE PHYSICO -

CHEMICAL CHARACTERISTICS AND MACROPOROSITY OF
POLY(VINYL ALCOHOL) CRYOGELS 1 THE GELS WITH

WONDERFUL PROPERTIES AND WIDE APPLIED POTENTIAL

V. l. Lozinsky
A.N. Nesmeyanov Institute of Organoelement Compounds, Russian Academy e$ Scienc
Vavilov street 28, 119991, Moscow, Russian FederaBenail: loz@ineos.ac.ru

Physical poly(vinyl alcohol) cryogels (PVACG) are formed as a result of consecutive
freezing, storing frozen and thawing of concentrated solutions of the polymer. Thantesu
cryogels are of practical interest in various applied fields, e.g. in biotechnology (carriers of
immobilized molecules and cells, etc.) and in medicine (artificial cartilages, covers on
wounds and burns, gel standards-¢atled phantoms) for the v@cation of MRI and

ultrasound apparatus). Principal characteristic feature of PVACGs is their macroporosity, i.e.

the presence of interconnected largs(1 Om) pores in the gel bul k.
by the crystals of frozen solvent (ice in cas@queous PVA solutions freezing); therefore the

size and morphology (architecture) of macropores in such cryogels depend on many factors
capable of influencing the solvent crystallization behaviour. These factors can be subdivided

in to three groups: Xiproperties of the gdbrming polymer (molecular weight characteristics

of the PVA itself, tacticity of its chains, the amount of residusho@ groups) and its
concentration in the initial feed solution; (ii) conditions of the cryogenic processiegi(fce

rate, temperature and duration of frozen storage, thawing rate, the number oftHezeze

cycles); (iii) the presence of lewor/and highmolecular additives that possess the pore
modifying abilities.

All these factors were considered throughoutsheu di es per formed i n the
|t was shown that the gel déds strength and he
concentration growth. The same is also true for the influence of PVA molecular weight,
whereas the increased amount eidual Gacyl groups is the unfavourable factor. The
freezing rate within rather wide diapason (~0.1~17 °C/min) affects weakly on the
rheological properties and porous morphology of PVACGs, while frozen storage temperature
biases a bellike influence.The most principal significance has the regime of defrosting: the

slower the thawing rate, the stronger the resultant cryogels and the more uniform and perfect

is their macroporous structure. At last, the increase in the number of-fr@szecycles

resut s in the growth of gel 6s rigidity and hee
of macropores. The additives of various {amd highmolecular weight solutes in the initial

PVA solutions was found to exert more sophisticated influence on therpespof the

PVACGs. Thus, the effects of simple anions and cations correlate well with their order in the
Hof f mei sterds series. The solutes with chaot
decrease in their fusion temperature, whereas kosmotagpicts strengthen PVA cryogels.
Low-molecular solutes capable of dehydrating PVA chains (e.g-molecular alcohols)

induce the microcoagulation of the polymer thus resulting in the decrease in the gel strength
and in the formation of very heterogeneauscroporosity. Rather specific effects were
observed in the <case of surfactant addi tiwv
macropores due to a decrease in the surface tension at thégsididnterface upon the ice

crystals growth. In turn, the @sence of certain macromolecular additives in the initial PVA
solution was able to induce the ligtiduid phase segregation, and this, after frethzay

processing of similar feeds, resulted in the formation of spongy cryogels possessing the
system of iterconnected gross (150 Om) pores in addition tc
PVACGs.
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CATION -INDUCED SWITCHING OF FRET IN CROWN CONTAINING
NAPHTHALIMIDE DYADS

P. A. Panchenk8, O. A. Fedorovd, Y. V. Fedoro?, G. Jonusauskas

%A. N. Nesmeyanov Institute of Organoelement Compounds of Russian Academy of Sciences,
119991, Vavilova str., 28, Moscow, Russian Federation
Tel.: +7 499135 80 98, Hnall: pavel@ineos.ac.ru
L aboratoire Ondes et Mati re doO6Aquitain
Bordeaux 1 University, 33405, Cours de |

1,8Naphthalimide derivatives with EDG at theth position of naphthalene ring are well
known organic chromophaseand fluorophores showing good photostability and strong
emission and absorption bands in the visible region. Due to versatile photophysical
characteristics, compounds of this type have been successfully used as signaling units for the
design of ioractive optical molecular systems [1].

@ Absorption 1a R' R2=H
\E!THSSIOH 340 nm ’
5

0 nm //\O
1b R',R2= ZO ’(}
‘; b
@ .
H>N ’\/ 1c R'= §—N( O],RZ:H
(o @

FRET -

Fig. 1. Structure of compound&c
In our previous work we have demonstrated that the presence of-bewrovn5 andN-
phenylazal5-crown5 groups as anN-aryl substituent in 4aminc and 4amidoN-
arylnaphthalimideseasults in fluorescent PET (Photoinduced Electron Transfer) sensors in
CHsCN solutions [23]. The present paper reports synthesis and inverstigation of -cation
dependent spectral properties of bis(chromophore) naphthalimide derivhdivesFig. 1).
The conpounds under study exhibited resonance energy transfer between donor (D) 4
amidonaphthalimide and acceptor (AJashinonaphthalimide fragment. The efficiency of
FRET was calculated using both tiresolved and steaeltate experiments. It was shown
that theintroduction of crown ether substituents decreases FRET efficiency in ligénds
and thereby emission output at 520 nm, which is a result of competition between FRET and
PET processes occurring in the initially excitedmidonaphthalimide fragment.
The addition of C4&", Mg®* and H to acetonitrile solutions ofb,c resulted in pronounced
enhancement of emission intensity of accept@minonaphthalimide chromophore due to
inhibition of PET quenching process. The study performed has shown comfddyots be
advantageous to development of probes for monitoring cations with ratiometric fluorescent
methods.
1.P. A. Panchenko et dRuss. Chem. Re2014,83(2), 155 182.
2.P. A. Panchenko et al. Phys. Chem. 2010,114, 4118 4122.
3.P. A. Panchenkotal. Dyes Pigm2013,98, 347 357.
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The idea on metatontaining wnbenzenoid aromatic systemasvborn in INEOS RAS by
Mark Vo | 0 pNamely, a complex Gpi(PhGPh) not containing additional ligands was
synthesized by kigroupin 1982 The threemembered metallacycle of this complex was
considered as aromatic, fiselectron delocalizes system involving tyweelectrons of carbon
atoms and the vacant orbital of the,Tispecies .

In this study, vibrational spectra of three typedlljl of aromatic compounds, in which a
metal atom participates in cyclgelectron @localization, will be presented and discussed.
These are twelectron metallacyclopropenes (I) as well as -dectron
metallacyclocumelenes (fland Arduengo type Meterocyclic unsaturated compounds (l11):
silylene® and germylerfeand stannylenés

R R
R \
N M=Ti, Zr, Hf
MCp,| MCp, M.\N | M'=Si. Ge. Sn
R R
R
I i} 11
Aromaticity of compounds of these types will be estimated using different modern criteria,
both experimental and theoretical (calculations of NICS and ISE).

1. (a) V.B. Shur efal,, 1" All -Union Conf. Organomet. Chem.pAs . , 1982rpd 18y
(b) V.B. Shuret al., J. OrganometChem.1988 347, 77.

2. R.R. Aysin ¢ al., Eur. J. InorgChem.2012 922.

3. L.A. Leites etal., J. Mol.Structure200Q 550551, 329.

4. L.A. Leites etal.,J. Am.Chem. Soc2004 126, 4114.

5.T. GansEichler,et al., Angew. Chem. Int. Ed2002 41(11), 18881891.
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2. Yu.G.Gololobowet al. Phosphorus, Sulfur and &ibn, in press.

3. 4. . 1@t d jud.Isd

4. Yu.G.Gololobowet al. Tetrahedron Letters, 2014 in press
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HSC d&ZOH ] GBMEYHOs IsMw tjLEzdz sOIst 1 Sy j ted d3j d
s2 Mmise , Clstster d3d ts B dzO H &dds d3jctad Qfdifdzpf dzj s O LdBQ o
dzdHdW j dzd dzj dz?¥ s Odzd H O. 1 sC 0L Odg’ Emdzse d W o fsL
j s Odzdzd yj MS 52 1 dzj Clstetstf tetso tsH daetsfyls d [ 3], ftcj
Ho dy detsisd desmdlsjdzj?2 LOGGWYWHO oaHtsd OS82 GtcC
B2 ftHody dbsiEd Tl BPpHMsOo dzj &z tejL kd SOIs
w ZO IteOdzmt tstels desmdlsj dzj 2 L OteWHO o ddatsc
CtcOdzedy t©WOLHJdZO dBijYHE dddjtcde di5d f dzj dz€ O dzd .

dZOtelz j dedwWv Htoed dzipE O &€ Of BElizg H 50 Ols j dz! dets o € dz¥ yj «
sO¢ 52 MstczClskztoj . #tsL HOdz] J stec Oded Y4 MS 52 fls 1
dsmdlsjdzj2 LOtWHO dd&3jjls Btsdzr hdj HtOCIlsdyj MSdy
CodeCtojlsder | ftoddzj tor toj OdzdL OlpdePddl f Mpissstewess , d - o it
d Bdtsdzsedyd MSdr Mmj difstese d Htekzecdj. [BMEYHO® IS
fSHARBSHO HA&Y MSLHOdWY 1 dj ShktesftesotsHYh dr e O
Ldzj Slstetsdzdzr g Mo ts2 flse O3 .
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1.¢ . ] Oyd dzsp2,0p 6176 Is~ ,1 2M9. 1
2.A. Ohtomo and otherdlature427(2004) 423.
3. R.M.Gadiey andothersAppl. Phys Lett 98, 173305 (2011).
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RdzMisdlskzls "ddBdyj MSdnan dOES ddi. ¢.
Pdz. z. vOdzd r Odzso ©, 106, 050010, ¢

s OL OF fnbwﬁbsgaﬂzfngdd@;ﬁ}&dmdzudmﬂthndlSJ
Edz. vtsdzy 1d, 59, 050000, ¢

f sfdzj Hded | GESHT d dzls § dzmd o dzts ftocso SHWIsfw d
CMstsBtoOL 28 W dfd dosddssEOnis® ¢HPC § tedodgiHdE] o
j CMssBtOL 28 M d A dodzd s WM tsis dats ¢ dijsizizdjy
fteOCIsdyud MSd 90ydzr &3 Mo ts2 Mlse O], COC |
Bd o YO digam2os s+, & ~ Odzd Ud MEOY  ftets
, YworhjddeOW fjdzj ClsdodeBilsy MEts2 d3idabi lef f
Rf j dzH j [\ &z@C sH OtcW 1 Isdd3 Mots2fMmlsea O3 IsOCdj dtsc
3 dzj dzdj Hdzv twOLHjdzjddY d SCBdeyd dzlstedtctso Odzd W
sirdsdzsedd. [ded, tyjoeadHdts, fttdsBtjlskzls Btd hi
sB d&zOMmilsw A dzOIqu’ d bjndd¢d.
Ajdzts tOBBIsT odzv jIsipw dMmimdzi Hiso Odzd jJ EHAdeSd] W s
¢ dzd yd H d dzd3] ISOQtGddZ ISO q sted § B f d3dzj ded dzd & tsfdB3Hyd]) C
Befw dS Oydd stlstsW sl sdixdzs XzME @dauastis@&dy i lsd d30d
Mddasj L O COLdBdad s OMEskdg®lizg dzef Wz f e/ sH dz" = € SR sd
d ftesHsdydlsj d desfplsd t6j OSydd dz0 fMets2Mmlsea © fMtsj H

"l ommueslgdesh [tAw [0, &dlIrrfaf & 0,1
14 6u1 | it Os d, 9INOJf1  Sdee/ ¢

111 80 120 86,3 | 3,51

212 86,2 |4,23

3(13 87,0 |490

4|14 871 |4,64

5|15 870 |42

OB U@ Iddj Mesbdsh j ddY ©j Ocdekshdn Codfsd dsss &GO
slso jteyHjdd a5 y., uv=80

1 0dBtsdzy § TisDOG |J @xzdiA ‘d3d W s
13uwlsjtfjdzt Ywlsjted J BStsmMisd tsdzd Is f sdzlz yJ dzdzts G ts
sBtcOBBISE ] twWOMIso steOBd ¢ dMmdzsls, ﬁgﬂz[sqﬂﬂ;@@@q’mjsiqig
dzj dL d3j dg¥jlsfmw.

lr . rteesyddp:d CHitgt [, 2004. 271,

2.(.[-[ G SYH g Oz, 19B6.304M

qudizmdisﬁtﬂzfﬁ]ks ¢ 3 Mstsls dzts
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fdzy dg€ d, Wotedzdtolzs h j2Mmw diLO tc Qjiyls o tsic@O A HsgifizGidgyj dzdpof
tcOMmilse sted s j dzv . [ Odzj j 1Isd COfdzd EZftstWwHtsYydso O I
sBl jogs fdydeSd. | LOoadmddsimisd ©k kmhksed?2 f§ksy,
f stor Bzuizls ftjddizh jmlse jdedzs dzOrtsHdlIls! Mw o 5B
M shes@ed ddL Oydd COfjdz2 d ftjHslsoatOh jdzdw drn
CcdHisW sBdL Olststetsa [ 2] . UOQ)iJ O tBtOL tso Odzd j

OCIsts

fdzy d&z2Cd odzdwels sOSdJ W COC dsdzj ¢ 2 dzv tc dzO
Isd{ tcOMlso stcd s ja?O Mdzts Is dzd Is4 tc;OisiztGdzfd3 H Odzdz" d3,
f sfmeowh j dzts dMmMmdzj Hise Odzad fstctstsBtcOL 59 Odad W )
ftsdzd &3j Isd dzdzj sOCtced zOIsO d dr HtetsdLoBBHA =. H9JH]J
smMdzseo | Isjtediistc] OCIsdodz' » fsdzdd3j tetso. L Isdd3 d3j IsStsH s
A j dz tciOpfishiisdzy H s Odzed y o dzdW dzgdWw tOL dzd ydz'r = W OGS Istste
fsCter Isd?2 dzO0 tmdzetse | LfsCMdHdses tdzdetsdij 0.
dzj Blseo jtoy Hj dzdzse s 1 f sCMdHdesets Bdzdetsdij t©O© ff tsdzkz y.
dzsfd Is o jtotsvw S fislgde’, 2 dm O dL d&3j dzj dzd J sd{f o tc O
CdHtcsW sBdL Olsstc® d 90! dqiesoa Odadj Jjets ¢ tsdzyj dalstec
P seWHBYJ dedz” s §tso J tem dzSMisde” d3d § stcOd3d (ted m.
fpdzy Hilsoe dj, fsor njdedd oW L Shagifiids d  fr) Oiplgftsfridsf j tiig v, 1 ts Y
fso jtecrndetsMisdzr = fste MWtstcdRdteso Ooh j 2 Mw §dzv deg€ d (
fl’]UISfI’]tSBfI’]lSSIZJIS Wstcdzd tctso Odzd & BISdZJJ BHleStGISHer: ]
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& . L -

Q) B )
t dfm. 1dL oHtg Oy § dzd W i dzv dets €, f sdzzyJ dedzr = 9 d1L tc O
nIzstetsW stedsy :  dzj Slseo jJ ey HY dzgdzOVW MdssdzO B jL GJdHEBGEW
slso j ey HY dgdzgOVY s dzO BjL GdHEsWisBdL OtstcO® (9) (d
1. M. Srinivasarao, D. Collings, A. Philips, S. PaBdience2001,292, 79.

2. M. Haupt, S. Millef R. Sauer, K. Thonke, A. Mourran, M. Moelldr,Appl. Phys 2004,96, 3065.
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1 Ok tOL tcOB sls Odz’ BBj IssHT mMddas j L O d §tsdzzyd &
dBJHOLGTqEe®d) Hddz YsM¥ sdetsor 7 Cdmdtsls 5 ) OCyd
RBJHJ dzn s tefdsidziz v § dedz” § L fdted( Bd) Hddz OBdH S0
5B tcOB PEE 8 Ocdtelzs Is ) HZdd@E, d Xo= Okt yPdzd H o Iz dgw
1 Codo Odzj dzls O Rg Isted 4 Is d el dHskg o3 st O f bszd W 1s & to C
sy sdz®lsd 1 W dtsr dedfF P d( G RHddz Wshidsdasor n
sslse j sflse j dzdzts .
R/ o PCl RN Cl p(OEY)
YN \pd 5, YN B
&:z>_ CF,X &:z>_N CF,X
1 2
(”3 X
R o)
R/<,—l\{ P(OEt), P(OEt); % N/\g—'ﬁ(oa)
&:z>_N:<CF2x - F,P(OE); E\z)Q N i
3 4

Z=CH,N X=F,CF,CF,

Cdds tBtOLBd, HtoiHdds)jd dser 2 (sOBREH | GdMme d
JHOL W s sdesar 7 Cdmdzsis.

0 C

u. Aksinenkeet al. Phosphorus Sulfur Silicon Relat. El&2013,18811), 14751477.
5. ¢ Cdntd daj 1d2@1BM3I) 450453.

BBISO orf f sdzdzj d&zO ff tod WddzOdmtse 52 A
OLtcOBBISCO BjIstsHse ftsdzzyjddwy ~ddduj M

1.
2.
3.

O]

o3

A.Yu. Akdnenkoet al. J. Fluorine Chen012,137, 105107.
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V{1 3Pdil) sff¥frse3 JRrp[GHBY IMm ot
IR b1 rRIRM sovU ¢IRURYIHS¢C bsurRl1 JuU
trdsARR HUJUSR

R.[. od&zbHYjadO 1% SGoclypdatk jb. | . 17 dzf B ddz0
sdzj f5j d2C ts9 O
lirdzMisdskzls 1 dzj 3J dzlstststec Odzed yd MS d ~ Mslifigfds @zd 2
t ts ) fishipoy@ineosac.ru
22irRdzZMiIsdIskls Btee Odzd yj ME¢ts?2 "dd3dd dd&3. 1.1 . 14 &

ssifdj ¢ B dhNEIs@RaD & ste ) § J o] R HidE jdedds] d3j Is C
ddzls j demdode » dmmdzj Hse Oded2 Bj SOkzdzststed Oded Yyd ME 52
detso ' j] oL By dtsiisd HdzW SeOddyjMises MmddsjL
ftotsdgr hdzj dzdz' 7 sy MmRk) ¢ tRdgfodgjfifidpds , dzd  ©zH 59

ftosWodwels COsOEddyj Mkt OCIkdodasfmis! o toj OCyd
1 Ofpisswh jj MmMesseh jddi §shewh j[RHsPhBINEIC)] (1&C), dzso ™ -
20 hdss j dzj ¢ ¢ tsHsHBPY dof B O d2iaunsiijlssOot d Mistetsj
C i dzj lalgtsthtsH Iso j tooHiOdatly i3 1 dzj d3j dzlsdzsé 5 OdzOdzd L
MfJC DS IBOPYy) HOdzde' di3d toj delsc j detsilstez S skztcdzs@ s

CH,Cl, 200C

(Ph,P),NR + (PhCN),PdCI, [Pd{(Ph,P),NR}CI>]

2 a-c 1a-c
R =Pt (a); y d S-ezk; (b); Ph €)

sty dzjl@fp'r dzd dMmyr sOder o C OyJshiffipsi € Ot@wzd v @1s &3 €
BsH j dz' dz" = t6j OF yd3abcW Q teaffdizs tisttodsdflzseas 2 S dmMdzsists?2 .

la-c, K3POy4
x@—sr + PhB(OH), > x@—Ph
DMF, 100-120°C, 5 h

X = C(O)Me (3a,4a), OMe (3b,4b)

10135 cl) |Otcd dzB t8@ts| 9" n&xEW (T, AC)
la 3a 98(110), 96(100) -
la 3b 96(110), 81(100) -
1b 3a 100(110), 99 (100), 98(90)
1b 3b 93(110), 88(100), 6 (90)
1c 3a 100(110),96 (100), 96 (90)
1c 3b 92(110), 80(100), 6 (90)

[ v OCIsd o dzts 6X0f iy HEKOY SIS COjls M o' MsCdd o
s B j tc QUsltOls AOw0, o gm0 o tekjj iy jo OC Is B iz 59 ®is d
Aw tjOCydw ftOClkdujmed degj dHjls. uvMmlsOdgse dzj dats
tcOL toczh OB Isfw . t OMMdzOIsted o O4 Ismw 9L d3gtsy dztsMls ¢ Zz 1
PA0), ftejnh jfise | dedzdS g Clsttafyt@® Bsckls iz dls:
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DFT{ ¢uyruv3 s{fIJCeChplrrrrtrictdf 1RrRYISI
1101t ¢ ARLRMSBuU.

ObR. ¢dzj ClOdeH.tedtse %) IDrRBO datg ds@zf dzfds o @ Ote P j dz$ 50
S0, I1thdMsef L TV Otetso

DUty njddi tmind?2 e sPlsOE Onddlsiidls faizi§C Riznfst dz

BOIsj tcd Odztegy dfd. sdgcf so © t ¢ 117393 [tsMCoaO, k
A O € (#95) 7183404E-mail: alekg@ispmru; alivaleksand@mail.ru

oyt jdedj t sMMd2MEts?2 OCOHj B dOEZS RdMisdlskzls -

gfiz.1 pd MdBj wWdetso © [ o1 119991 .[ smMCo O, kd

[ jsHd MijShtesl slstsdj lsterddyy M S deyg H jsdfjlsdats o @FRE ¥
Csdzdyjfsets ddzse 3 HJ, Cls 8 zizld dpital Pdsntz @zd to L
LOodMmd d&ssmisd tsIs Mistek® dlztetcd H el Bt cOyd d)

Mtstsls dats " jdzdOff Mz dzd etso Odzdz' 7 dsdese  BjHd d yd fdzC
Hy deH e d@BITESP L a3 dzv j Isfpw 1. 1 1 :ylOmisesfhyls @, Hj deH tod o
Gjdzj c@IYHERU, MBHjteyOhd2 o Metsj?2 MbtkzSlkzj yjls
cekffr dO fjtdW¥jtedd, GBwOLEZjl Std&fdjSh M H
[CU?/[S] MsMis Qo dz¥ jsIs " DEDSIsjtck Cttdot?2 Isdlstetse Oded W

SBtOL 5o Odzd d MdzOHsHS Sd&RKEYHj Yoy Misdzs, Yl yj B
SBOLEs M jeasmMw Codifdjsno, sjds dLdsd .20 St
1 d2Oydlsj dz' d" 2 deOkzyde 2 ddzsjtejfn ftojHMISOo dzwe s H
10detsdzj j ftsdzdzr 2 tslso jls dz® 1 Is tsAsd oS Wt P dz@ktizef 1 L
oL sy def 7 MistekzClsktods 7 BsHJ dzjfiPe W b @ dzdfj Rcto KA a2
fteso jHjd DFT tcOfmwiBBU (SkHiz)e g3 O GA s di3f dzj S Mise
HolzdgW , Isted W d Ud Is' deff @y ddiss'dzj & "ZfiA©diztkedg udCdzj Is tsH |
CdeE OtctcOMYfifsdzef L 5o Odzd j 5 OkaplBoZ § HOBanspdzd j di5 1 &
sflsdidL Oydd [2¢l fhicbwddz) dzes citsdiibtedyd MEsi Mis
cOMftejHjdjdd] LOWHBSeaB?2 d Mfddset?  dtldshlsc
9" GBH Az Msfls tsw dad W GO dyligh d2' . dzts 20 ' igkzfgizlz jlsdg ff C
oL OddisHj2Mlse dv -48Buddy tc g3t izip OQn@BCHEd § € OL O dafs yls ts
flls OdzH Otels dz' 7 bk Mdise g W &t 20 & G 2P afjlso ) SH k2
Bsdzj S 2 dzORd yBsChtse &zOMmikzjlsmw ) 1+ S MY j tod i3jedepls©dz! dzr
cOMmMmdisls to j dzdzr R Cd3f dzj ¢ MO~A ftedmkzlmlsezs s ff Ote
dzj M Otcj dedz' Qzts CARjdERBDANGels 0 j t6C )] OlstsdEsea: Cu, S,

1.A. Tarasenkov, E. Getmanova, E. Tatarinova, N. Surin, A. Muzafstaeromol. Symp2012,317-318 293.
2.A. D. Becke,J .Chem. Phys1993,98, 5648.

3.C. Lee, W. Yang, R. G. Pafhys. Rev. B1988,150, 785.

4.P. J. Hay, W. R. Wadi, Chem. Phys1985,82, 270.
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[Hdzedd3 d1L ftedtstedlIsj sdz" n (&Oﬂﬁst@dzcﬂzgﬂzqc&sifntsbdecgcﬁjjdz
MsLHOd] BdtKOL &ZOG O  o3' BOIsjted Odzso dzO tsMdatso
f sdzd d3j tets o . [fMmtsB T 2 cfdz JtGJfl] MtcjHd fBHBBd 7 C
sdse j s hdjdedzg' = Stk dslstsdzdzOy dz" 7§ 5dzd 5 dzj
d fdldnlse j degder = EfMmdzse dw =, fsissw dadets o s totsdL o tsSH Y
SOCddz BBOLdB RO jted Odz' , ¢itsHzoetlz? MstyE s @Gls 3t
B~ Oded U MEdd Moes2Mbso O d oL B dgf fiplipplstz] 6y © O
BdtHj MistelizC wppd.j &3 Mzl dzd j BajsStcOL &ZOg Oj g = H 5B (
tcOL dzsy jdadj Y sdzddijtedetsets BOLjtedOdzO fsH HJ2Mlse d
J HOdzdzts?2 tcOBBIS] B' dzd dMMdzj Hise Oda'e tfysiasjodddzt i
MHodcetsor 7 HH A GO YRSt 2 B dedkj €&2ts?2  dztslsdasfilsd (
Memiod dn HE H6dZPEAOtpH dzdzs iz8 tc O~ BQUEHsflazy J dzdzs dzts L
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THE PECULIARITIES OF TRI( O-TOLYL)ANTIMONY AND TRI(M-
TOLYL)ANTIMONY REACTION SWITH 2-
HYDROXYBENZALDOXIM E.THE MOLECULAR STRUCTURES OF
TRI(O-TOLYL)ANTIMONY BIS(2-HYDROXYBENZALDOXIMATE)
AND BIS( £2-HYDROXYBENZALDOXIMATO - , [ '-(, SDXO)-
BIS[DI(M-TOLYL)ANTIMONY]

E.V. Artemyeva, [ .S. Makerova V.V. Sharutin, [ .s. Sharutina

Chemistry facultySouthUral StateUniversity, Lenin prospet, 76,building 1Q 454080,
ChelyabinskRussian Federation
E-mail: katriona-art@yandex.rumarina.mms74@mail.ru

To study the possible ways @hydroxybenzaldoximecoordination ve investgated its
interaction with trig-tolyl) and trifn-tolyl) antimony in the presence of aridizing agent

The reactions of tri-tolyl)antimony with 2hydroxybenzaldoxime, going at room
temperature in diethyl ether in the presence of 30% aqueous hydmegsidp solution or in
heptane in the presence tdrt-butil hydroperoxide, resulted in the formation of d¥i(
tolyl)antimony dioximates.

(2-ttH5CeHa)3Sb + 2 HON=CH@H,OH-2 + HO, Y ¢6B15CeH1)3Sb(ON=CHGH,OH-2), + 2 H,O
1

As it has beerfound out, the interaction of trgtolyl)antimony with hydroxpenzaldoxime
in the presence of an oxidizing agent (hydrogen peroxideéembutil hydroperoxide),
irrespective of the mole ratio of the reactants (1:2:1:brl1), proceeds by another scheme
with the formation of a binuclear organoantimony compo@ndith the bridging oxygen

\O / r

(0) \
2ArzSb + 2HON=CHCgH4(OH-2) + 2 H,Op ———> \ /O/Sb— Ar 4o CeHsCH3 + 3H,0
Ar—gp— \O

/o
Ar
“N=CH
Ar = CgH,CH3-3

2

According to theX-ray analysis data, the antimony atonb@ind to oxygen atoms of axial
oximate ligands irthe trigonal bipyramidal coordinatiom the molecul€l. In the binuclear
complex2 antimony atoms are connectby two tridentate bridging ligands and the oxygen
atom; they have the deformed octahedral coordinationwyjflAN surrounding.

Thus, it has been found that the direction of the oxidative addition reaction of 2
tritolylantimony with 2-hydroxybenzaldoxira in the presence o&n oxidizing agent is
determined by the position of the methyl groups in phenyl radicals at antimony atom.
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IR - SPECTROSCOPIC RESEARCH OF HIGH-TEMPERATURE
OXIDATION OF INHIBITED POLYETHYLENE

H.S.Beknazarov, A.T. Djalilov

Tashkent chemical and technical institute,
Navoi 32, 100011 St., Tashkent, Uzbekistan
e-mai: hasan74@mail.ru

For the purpose of giving to polymers of resistance to thermooxidizing influences, and also
sacred andveaherproof are widely used special additivedow-molecular stabilizers. They

are enterethto polymer directly in the course of processing.

In work PE with a molecular weight ~ 200000, received in the Shurtaohgasical complex

was used. Therefore as model not freatstant polymer we used PE of low density of the F

Y-720 and RY-342 brand.

We developed oligomer antioxidants on the basis of gossypol and were cal@dGgan

oligomer of gossypol witkllele halogen.

When using an oligomer antioxidant@AG in number of 0,060 , 2% si ze U pol yme
practically in proportion to its edents and makes at 448 K in the presence of 0,05, 0,1 and
0,2% of an oligomer antioxidant of 50, 65 and 118,5 min. according to. Dependence of the
induction period U from temperature in coor
characterWithincr ease i n t empe rThe identieal tit angle of Blraighe c r e a
lines of this dependence at the different maintenance of an antioxidant testifies to identity of

the mechanism of inhibition of oxidation of PE at change of quantity of an al#mxAt the

same time character of kinetic curves of absorption of oxygen and accumulation of carbonyl
groups (in IR spectrum an absorption strip at 1723)dmsamples at their higtemperature
processing significantly depends on quantity of the edtantioxidant. At its contents <1% is
observed usual nature of oxidation of PE with the induction period, during which absorption

of oxygen insignificantly. At higher maintenance of an antioxidant intensive absorption of
oxygen by polymer begins at morégh temperature in spite of the fact that jisysic
mechanical properties thus significantly don't change. The amount of absorbed oxygen and
C=0 which were formed in a film of groups quickly reaches a maximum, and then is slowed
down, usual intensive degttion of PE is thus observed.

Features of kinetics of oxidation of PE and absence thus essential changkgsicf
mechanical properties of films (durability and relative lengthening at a gap) testify to process
braking oxidation by the entered antioxmla With increase in quantity of an antioxidant,
obviously, the role of structural transformations of PE with formation of the intermediate
active products which are easily oxidized by oxygen increases.

The analysis of results of the conducted resednolwed that oligomer antioxidants on the

basis of derivatives of gossypol are effective inhibitors of oxidation of PE.
1. Serenkova |.AHigh-temperature oxidation of some aromatic and heterocyclic polynieh®. IHF of
Academy of Sciences dfi¢ USSR. M.1979 .i 152 pages.
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2. V.V. Simonov, Y.V. Tamarkin , V.A. Kucherenko, T.G. Shendrik. Adsorption of lead mam®porous

materials obtained by alkaline activation of brown coal// Journal of Siberian Federal University. Chemistry 1

2012, (5) 113122.
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POLYETHYLENIMINE BASED POLYMERS AS EFFICIENT
ANTIMICROBIAL AGENTS

|.V.BessonoV, A.V.PolezhaeV, A.V.Nuzhdina®, A.S.Morozow#

aBauman Moscow State Technical Universit{y Baumanskaya str. 5, Moscow, 105005
Russia
®D. Mendeleev University of Chemical Technology of Russia, Miusskaya sq. 9, Moscow,
125047 Russia
E-mail: ivanbessonov@gmail.oco

Infections by pathogenic microorganisms are of great concern in many fields, particularly in
medical applications. In general there are two strategies to prevent infecting humans or
deteriorating materiads disinfection and antimicrobial surfaces. Théypoeric antimicrobial
agents have certain advantages such astkmged service and hindered development of
microbial resistance.

In the present work the series of quaternized polyethylenimine based polymers were
synthesized using conventional and micregvassistant techniques using polyethylenimine

as starting material. We used ethylene glycol derivatives and alkyl halides as alkylating
agents. Quaternization was carried out using dimethyl sulfate or methyl iodide. All
synthesized compounds were chamzéel by IR, UWVis, NMR spectroscopy and
thermogravimetry. These polymeric compounds showed significant bactericidal activity
againstE.coliandS.aureuglog 3-6 colony forming unit reduction). Zone of inhibition growth

was found to be absent and UV gpem of water extract had no peaks, which confirms the
contactactive mechanism of bactericidal activity. These antimicrobial compounds were found
to be stable up to 220AC. Thus the antimic
polyethylenimine derivive could be very useful in many applications such as preparation of
packing material, implants and filters.

It was shown that quaternized polyethylenimines could be used as effective additive to
common commercially available materials such as polystyaadepoly(methyl methacrylate)

to produce antimicrobial properties of films, so the addition-8%®Gpolyethylenimine based
polymer to polystyrene matrix ensured total kill of pathogenic microorganisms at the surface.
T Also it was determined that there svao release of antimicrobial agent from surface he
films were also analyzed by UVis, IR spectroscopy, optical and electronic microscopy. It
was discovered that the character of antimicrobial polymer distribution is largely depends on
polymeric matrix. V& expect that antimicrobial coatings on implants for osteosynthesis would
be very useful for preventing secondary infections associated with biofilm formation in
orthopedic surgery.
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SELF-HEALING EPOXY COMPOSITE BASED ON
THERMOREVERSIBLE DIELS -ALDER REACTION

A. V. Polezhae¥, A. S.MorozoVv?, E. S. Ahmetov4, I. V. Bessono¥

®Bauman Moscow State Technical University, Engineering Research and Education Centre
ANew materials, composites and nano
Moscow, Russia, 105008nd Baumanskaya str, 5

e-mail: ivb@emtc.ru

Selthealing materials have the capability of repairing or recovering themselves when
suffering mechanically or thermally induced damage, which can occur autonomously or be
activated by external stimuli once multiple times. The DielsAlder (DA) cycloaddition and

the retro DielsAlder (rDA) cycloreversion reaction are simple and powerful tool for design
self-healing materials. In the present work we used fumateimide DA reaction for self
healing.

uvo provide material with crack healing capability, an epoxy containing both furan and
epoxide groups (FUEp) was synthesized and fully characterized by IR anesp@¢Roscopy

(Fig. 1) Diels-Alder reaction between FuEp and BIM was investigated by NMR &@ D

(Fig. 2)
He <;( \ Nfo_mi
p U A ¢ U of .

N o~ e O\/”‘} O\/l

40 60

neat, 70 °C

\
NH2 1) makeic anhydride, N~ N _—
‘ Q acetone 30 min ‘ O o 5min
2) Ac,0, reflux

Fig. 1. The synthesis of basic components: ept¢ Fig.2 DielsAlder reaction between FUEp and BMI.
(FUEp) and bismaleimide (BMI).

The series of multicomponent epoxy compositions were developed. All compositions contains
FuEp, BMI aml hexahydre4-methylphthalic anhydride (MVHHPA) polymerized at’C0for &

48 h. We also used triethylene glycol (3G) as catalyst for the reaction between MHHPA and
FuEpanddemonstratethat 15% w/w of 3G in compositiomesults infaste self healing 48 h
instead 72hWe used DSC to tune sdléaling poperties of epoxy composition.
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EXPERIMENTAL QTAIM, VORONOI TESSELLATION AND
HIRSHFELD SURFACE ANALYSIS OF [C uy(HPzOXx),Cl,Py;]

A. V. Vologzhanind, S. V. Kats (Menkach}, L. V. Penkovd, V. A. Pavlenkd

2A.N. Nesmeyanov Institute @®fganoelement Compounds RAS, Mosdéavjlova str., 28,
119991, RussiaFederation
® Taras Shevchenko National University, Kiev,-Q1%601, Ukraine
[ -mail: vologzhanina@mail.ru

Interaction of (1H-pyrazot5-yl)ethanoneoxime (H,PzOx) with copper(ll) chloride in the
presence of pyridine afforded the binucleaomplex [Cux(HPzOx)}Cl,Py]. It was
characterized by FTIR and EPR spectra, magnetochemical data and prezysex)deriment.

The experimental electron didiution function was derived and analyzed within Re
Bader's 'Atom in Molecules' theory (QTAIM, [1]). The similarity of atomic copper domains
obtained within the QTAIM theory, as well as the Voronoi tessellation [2] and the Hirshfeld
surface [3] approa@s was demonstrated (Figure 1). The absence of direct intramolecular
Cu....Cu bonding was confirmedhe volumes of copper atom, pyridine molecule and
HPzOXx ani on estimated within t he)awahedinsbfeld ( 1 1. ¢
surface (12.4, 1013 a n d °) apprbaches rgpresent well corresponding values obtained
within the QTAIM methodology( 1 2 . 4, 1 0 4 3)4Theaenatgied of iBterdholegular
interactions do not exceed 1.5 kcal/mol; and the molecular packing can be described by
distribution of molecular electrostatic potential. The main types of intermolecular interactions
coincide within all three methodologies. These are th¢..C, C-H....H-C, GH...Cl and C

H...O contacts, which cover from 37 to 20 % of full intermolecular energyleted within

the QTAIM approach, and more then 5 % of molecular surface estimated within both
tessellations.

Fig. 1. The atomic domain of copper atom bounded by (a) thefhexsurface, (b) the Voronoi polyhedron, and
(c) the atomic Hirshfeld surtz.

1. R. F. W. BaderAtoms in Moleules- A Quantum TheoryOxford University Press, Oxford, 1990.
2. V. A. Blatovet al, Acta Cryst.1995,A51, 909916.
3. F. L. Hirshfeld,Theor. Chim. Actal 977,44, 129138.

We are gratefully acknowledge the Cocil of the President of the Russian Federation
(projects MK5181.2013.3 and Mi3589.2014.3)and the Marie Curie International
Research Staff Exchange Scheme (IRSES) of the 7th EU Framework Program (grant 295160)
for financial support
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COARSE-GRAINED SIMULATION OF HYPERCROSSLINKED
POLYSTYRENE NETWORKS

M. K. Glagoley, A. A. Lazutin, V. V. Vasilevskaya

A. N. NesmeyanoInstitute of Organoelement Compounds, Russian Academy of Sciences
Vavilov Str. 28, Moscow, 119991 Russia
{ -mail: mikhail.glagolev@gmail.com

Hypercrosslinked polystyrene networks were first reported in the early 1970s. Now the
hypercrosslinked polymeregs are used in routine practice in many industrial applications and
are prepared from variety of polymers of different chemical structure and composition.
Hypercrosslinked polystyrene networks are vkelbwn for large specific surface and ability

to absob various solvents. However, the phenomenological explanation of these properties
was not until recently supported by theoretical or computational description. A multiscale
approach to simulation of polystyrene hypercrosslinking was developed in our[@jfotlipe
crosslinking reaction is simulated using the coagsained model, with the force field of
coarsegrained interactions refined using the phase trajectories of the atomistic simulations.
This works covers effects of polystyrene concentrationglifpolystyrene ratio, and reaction

rate on the microscopic structure and bulk properties of hypercrosslinked polystyrene.
Mechanical properties of the networks and specific surface were calculated in the framework
of the coarsgrained model and were foumal be in reasonable agreement with experimental
data.
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Fig. 1. a) Coarsegrained model of polystyrene chain b) hypercrosslinked network in egeaseed
representation

1. A.A. Lazutinet al. J. Chem. Phy2014,140, 134903.

2. V. Sadovnichy, A Tikhonravov, VI. Voevodin, and V. Opanasenko "Lomonosov": Supercomputing at
Moscow State University. In Contemporary High Performance Computing: From Petascale toward Exascale
(Chapman & Hall/lCRC Computational Science), pp-383, Boca Raton, USA, CRGé%s, 2013.

This work was supported by the Russian Foundation for Basic research (projdet-0i®.

31616. The computations were performed using the resources of Supercomputing Center of
Lomonosov Moscow State University.
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SELF-ORGANIZATION OF AN AM PHIPHILIC MACROMOLECULE
UNDER SPHERICAL CONFINEMENT

A.A. Glagoleva V.V. Vasilevskaya A.R. Khokhlov

A.N.Nesmeyanov Institute of Organoelement Compounds, Russian Academy of Sciences,
Vavilov Str. 28, Moscow, 119991 Russia
E-mail: starostina@polly.phys.msu.ru

In nature biopolymers are often confinetthin small cavities such as cell membranes and
intracellular organelles. In general, biomacromolecules contain hydrophilic and hydrophobic
moieties. In our work by means of computer simulations we have studieargaffization of
comblike macromoleculg having groups with different affinities to solvents under spherical
nancescale confinementFig. 1 depicts the diagram of state for a single amphiphilic
macromoleculei p o or ,is pavametar of inddmpatibility between unitof main

chain and side grouf Ris the radius of spherical confinement, where the macromolecule is
placed.
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Fig. 1L Diagram of state of a single amphiphilic macromolecule in poor sblve

The diagram contains such areas as hollow nanospheres, cylinders, ordered (open rhombi) and
disordered (filled rhombi) necklace conformations. The most interesting structures from the
perspective of possible applications are hollow nanospliergsheical globules with a

hollow interior. They could serve as nanosized containers for transport of substances through
an outer matrix, in which they are otherwise soluble. The hollow nanospheres are stable and
should be simple in preparation and varyirigheir size and the size of their hollow interior.

1. A. A. Glagoleveet al.J. Chem. Phy2013,139, 244901.
2. V. Sadovnichyet al. In fiContemporary High Performance Computing: From Petascale toward Exascale
(Chapman & Hall/CRC Computational Science), p®3-307, Boca Raton, USA, CRC Press, 2013.

The work was supported by Russian Science Foundation (projetB-0@745). The

computations were performed using the resources of Supercomputing Center of Lomonosov
Moscow State University.
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ENANTIOMERIC ENRICHED
FERROCENE-CONTAINING NUCLEIC BASES

N.R. Davletbaeva M .M. llyin Jr., Z.A. Starikova, L.V. Snegur

A.N. Nesmeyanov Institute of OrganoElement Compounds, Russian Academy of 28ences,
Vavilov St.119991Moscow,Russian Federation
E-mail:snegur@ineos.ac.ru

Well known that ferrocene compounds witkhheterocycle moieties connected through alkyl
bridges, ferrocenylalkyl heterocycles, FcAlkHet, demonstrate significant antitumor activities
compared with anticancer drug cisplatin [1]. Wslicisplatin, ferrocene compounds take
undeniable competitive advantagieeyare nottoxic.

In development of our biological andynthetic research {4] enantiomeric enriched
ferrocenemodified cytosine3 (ee 97%) and adenind (ee 97%) were synthesizedia the
reactions of the ferrocenyl amin&{FcCH(CH)N(CH3) 2 (Fc = ferrocenyl) with nucleic

bases in DMSO (Scheme) accordingly to the approach developed for racemic ferrocene
heterocycles [3].

NMe, l;lMez (_:yt (or Ad)
cl:@ejl:xrtaric acid ?\ DMSO clz@ej\
& an an
1 2 3,4

Just only §-N,N-dimethytaminoethyl ferrocene2 was used instead of-(5-ferrocenyl
ethanol. This allows shortening two stages in preparing of initial ferrocene 2miREs)-
Ferrocenylethyl cytosing (80%) and 9 S)-ferrocenylethyl adeniné (72%) were prepared in
good yieldswith enantiomeric excesses 97% that was evaluated by HPLC method. Columns
ChiralpakAS-H with modified cellulose for§-Fc-adenine and Kromasil AmyCoat fa®){
Fc-cytosin were used as chiral selectors. PreviolgHefrocenyl amine (ee98%, so called

Ugi's amine) was synthesized by Ugi and Gokel protocolsayXstructural research for
complex of amin& with L-tartaric acid was carried out.

1. L.V. Snegur, V.NBabin, A.A.Simenel, Yu.SNekrasov, L.AOstrovskaya, N.SSergeeva,Antitumor
activities of ferrocene compound®@uss.Chem. Bull., Int. EQ201Q 59, No 12, 2167.

2. L.V. Snegur, A.ASimenel, A.N.Rodionov, V.l.Boev, Ferrocenenodification of organic compounds for
medicinal applicationd®Russ.Chem. Bull., Int. EQ2014 63, No 1, 26.

3. A.A. Simenel, E.AMorozova, L.V.Sneguret al, Simple route to ferrocenylalkyl nucleobases. Antitumor
activity in vivo, Appl. Organomet. Chen2009 23, 219.

4.L.V. Snegur, S.IZykova, A.A.Simenelet al, RussChem. Bull., Int. EQ2013, 62, No 9, 2056.

This work was financially supported by the Russian Foundation for Basic Research (RFBR
No 1403-00980.
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(1) Nu = CH(COzMe)z upto 98 % ee, ligand D anti-
(2) Nu = N(CHa)4, up to 96 % ee, ligand C
(3) Nu = SO,pTol, up to 92 % ee, ligand A (4)Up to 80 and 82 % ee, ligand B

- 2b O

(5)Up to 78 % ee, ligand B (6)Up to 84 % ee, ligand D
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ftejHMsOoadls! C0OC Mz OHMidMH/sH ] tdGBss | G o tsdzv
fMzh jisotso Odzdj o BdsSttdmlsOkkzOr MmMtsle jlsflse kzs
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1. N.A. Bulienkov. Fields Inst. Monographs. V. 10. Quasicrystals dbidcrete GeometryEd. J. Patera
Providence, Rhode Island: Am. Math.Soc., 1998.6% 134.
21 0.0 2dz J.dz6 5% d 1991¢36{2), 181 243.
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6j OSydd. 1 itH BdaifPzOBdHBcEdOEY jIs 78 %.
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Imddisdyd M¢ Ow  1ldzgys SBEZSf{jjndMWsdz. @ | jiWdetsakz P O . {t sfimd 2 MC Ow |
1995, 355.

J. Chenet al.Korean J Chem. Eng2012 29(3), 288 290.

2. Y.Heet al.J. Mass Spectrom. Soc. 1pi098.46(4). 299 303.

3.Y. Heet al.Int. J. Chem. Kineticsl991,23, 1129 1149.

4. Liu Yanet al.iCBBE. 2011, 14.

5. J. Weitkampet al US005166432A
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Mtz CYsEWOL Odz d3j Is Odzdzd uj WG d dzj BPts O tizbygityl [T Gztf 2 o

1.D. Vignollesetal. Solid State Sgi2007 9(12), 1140 1148

2. E.|. Zhilyaevaet al. Synth Met. 2011,161, 799 805
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5. A. Audouardet al. Europhysics Letters (EP12012 97, 57003.
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NANOSTRUCTURED VANADIUM OXIDES DECORATED WITH
METAL PHTHALOCYANINES

G.S.Zabrodina, S.Yu. Ketkov, S.G. Makarov, L.V. Kalakutskaya

G. A. Razuvaelnstitute of Organometallic Chemistry of Russian Academy of Sciences
Tropinina st., 49603950,Nizhnii Novgorod, Russia
( -mail: kudgs@mail.ru

New hybrid nanostructured materials based on metal phthalocyanines and vanadium oxide
have attracted extensiattention because of interest in electrochemical devices (solar cells,
modified electrodes, optical sensors) and heterogeneous catalysts. Vanadium pentoxide
exhibits remarkable electronic, electrochemical and catalytic properties associated with
intervakence electron transfer and ion transport. Vanadium oxide nanostructures were
synthesized in this work via a hydrothermal treatmen{A#C)o2V.0s1H,0 intercalates,

where AACI alkylammomium cations, as templates (fig.1, 2).

9 A
180°C
ﬁ A autoclave @
—_— B

AAC
35;\1@ -@ 1154 —= 133A$ AAC AAC 1624 WO0A
V,;0,1.8H,0 (AAC), ,V,0, 0 (AAC), VO,
red PUWdCT red powder black powder

Fig. 1. Schematic presentatiof a synthesis of the nanostructured vanadium oxides.
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layered compound intercalate nanostructured oxide
Fig. 2. Xray diffraction of the V(V) precursors and nanostructured.vVO
Hydrothermal treatment ofAAC),,V20sH,0 intercalates lead to a great increase of the
interlayer distance (d) and a decreea$ interaction between vanadium oxide layers, resulting
in the rolling of the VYO layers to tubular morphology. Phthalocyanine decoration of the
nanostructured vanadium oxides is possible by electrostatic interaction between negatively
charged phthalocygnes and the alkylammonium cations, intercalated into vanadium oxide

layers (fig. 3).

VOx host

s

(MPg)q VO,

MP(S0,Ng),, M=Co, Zn a6k groms powder
Fig. 3. Schematic presentation of trenadium oxides, modified with metal phthalocyanines.
The new materials were characterized byaX diffraction, TGA, IRspectrosopy, SEM and
TEM-microscopy. These organicorganic nanostructured systems (M2gY Oy attract great
interest because the new hybrid materials possess highly developed surfaces, thermal stability
and catalytic activity towards toxic aromatic compouandd mercaptans.
This work was carried out under financial support of REBR®ject™  108-3110X3ts .
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TRANSFER HYDROGENATION OF KETONES IN WATER
CATALYZED BY RUTHENIUM AND RHODIUM SURFACE ACTIVE
COMPLEXES

A.M. Kalsin 2 T.A. Peganova® V.N. Novikov,? L. Gonsalvi,” M. Peruzzini®

% A.N.Nesmeyanov Institute of Organoelement Compounds, Russian Academy of Scieneces
Vavilov Str. 28, Moscow, 119991 Russia
® Consiglio Nazionale delle Ricerche, Istituto di Chimica dei Composti OrganoMetallici
via Madonna del Piano 100919Sesto Fiorentino (FI) Italia
kalsin@ineos.ac.ru

Catalytic transfer hydrogenation (TH) of ketones catalyzed by various ruthenium, rhodium
and iridium complexes has been recognized as a powerful tool for synthesis of secondary
alcohols. Particularly tkeir complexes with chiral 1,8isubstituted ethylenediamines are
efficient catalysts for asymmetric reduction (ATH) of ketohBecently we developed highly
efficient surface active catalystp{Cymene)MCI(HNCH,CH,NTS)] (ML,", M = Ru, Rh;

Ts = p-SOCeHsCHNMe,CrHon41'Cl; n = 8, 16) for reduction of hydrophobic ketones in
aqueous HCOON&which are up to 100 times faster compared tomicellar analogues.

Here we investigated the influence of the added surfactant (cationic, aniordigni@non

the performance oML " catalytic system. The sign and the extent of the effect depends on
the type of mixed micelles formed, hence both the nature of the catalyst and the added
surfactant as well as their mutual ratio contribute the overall effect. Aniodicanionic
surfactants greatly affects the activity of micellar system. Interestingly, small amount (<1
equiv.) of the anionic surfactant improves the activity R)[fle16 complexes, while
significantly deactivateS?th16 catalyst. Also the hydrophobicitgf ketones affects the
activity of RuL," andRhL " differently. We studied the reasons that lie behind the diverse
behavior of ruthenium and rhodium micellar systems by employing NMR Diffusion Oriented
spectroscopy (DOSY) and Paramagnetic Relaxation Eehamt (NMR PRE) techniques.
According to both NMR PRE and DOSY, the ruthenium and rhodium catalysts are distributed
in different ways in the micelles: the organometallic moiet)Ruf_p16 is located near the
surface of the micelle, while ifRhL,™ micelles the metal centre is immersed in the
hydrophobic phase. This results in hindered access of the formate ions to the hydrophobic
phase and inhibits the fast regeneration of the active rhodium hydride species.

1.R. Noyoriet al Acc.Chem. Resl997 30, 97.
2.Kalsin, A.M. et al. Chem Eur. J. 2014 20, 846

The authors thanthe Russian Fund for Basic Research (gramt14-03-00345) anda Marie
Curie International Incoming Fellowship (gnano. PIIFGA-20093236423, MODUCATjor
financial support
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THE FIRST Eu**(OOCCH3) [15-MC cug aiyha-5](NOs)2
METALLACROWN WITH ACETATE BINDED TO THE CENTRAL
METAL ION

M. A. Katkova? G. A. Zabrodina?, M. A. Samsono¥, S. Yu. Ketkov?, S. G. Makarov?,
DWCe hiPl e

%G. A. Razuvaev Institute of Organometallic Chemistry of Russian Academy of Sciences,
Nizhny Novgorod, Russia
PBremen University, Bremen, Germany
[ -mail: sketko@iomc.rasru

3d-4f metallacrowns have received consideraiitention as preorganized molecules that can

be prepared in a variety of structural typebhe er’*[lS—MCCU(”)-5] complexes contain a
planar metallamacrocycle with a central lanthanide ion surrounded by fiVeid@sforming

a ring. Despite a large amnt of systematic structural studies of the affinity of Ln complexes
der i ve d-aminohgdroxanic acids for various organic carboxylates, there are no
examples of metallacrowns based on the simple glycine hydroximate and acetate ligands.
Such complexesepresent a simple model for these systems. Note, that acetate ions have not
been previously seen to bind to therbBtallacrowr5. Herein, we present the first E(OOC
CH3)[15-MCcumyciyha5](NO3)> metallacrown with acetate binding to the central lamthe

ion. X-ray crystallography revealed that this metallacrown is pséudfnld symmetric as a
consequence of th€u(ll)Gglyha repeat unit that rotates around the central Eu(lll) Tdre

Eu(lll) ion is eightcoordinate and contains the bidentate @eeand innesphere coordinated
water. All five copper(ll) ions also have weakly boungDHmolecules. This system possesses

the network of hydrogen bonds surrounding the metallacrown, which may be a reason of the
distorted planar geometry observed. Thetate ion bound to Eu(lll) has hydrogen bonds to
the HO species connected with the copper(ll) ions. There are also hydrogen bonds between
the water molecules coordinated to Eu(lll) and Cu(ll). Also a weak bond is formed between
the acetate oxygen and amine group of another molecule. Additional nitrate ions required
for the charge balance are found in the lattice. Remarkably, they do not coordinate to the
copper ions.

C(8B)
N(8B) 5y
®

2
0(4B)

&
N@2B
(2B) d(148)

Fig.1 Molecular structuref { Eu3+(OOCCI-I;)[15-|\/ICCU(||)G|yha-5]} 2 (30% thermal elfisoids probability)
Hydrogen atomand solvahg water molecules are omitted for clarity.
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RHODIUM THIOFERROCENYLPHOSPHINES CATALYZED
REACTIONS OF ALLYLIC ALCOHOLS: ISOMERIZATION AND
HYDROGENATION

E. M. Kozinets*®, E. Manoury®, R. Poli®, N. V. Belkova®, E. S.Shubina®

#Nesmeyanov Institutd @rganoelement Compounds RAS
Vavilov str.,28, 119991Moscow, Russia
PCNRSLCC,Uni ver si t ®UPSENPToul ous e
205, route de Narbonne-#1077 Toulouse, France
[ -mail: katuxa-@mail.ru

According to the literature data rhodium complexes with digj@ads are efficient catalysts

for the isomerisation of allylic alcohold]. For example, the isomerisation of different
primary allylic alcohols to the corresponding aldehydes in THF &€,70atalyzed by a
[Rh(P,P)(COD)] (P,P = chiral phosphaferroc&n system, was found not only highly
effective, but also enantioselectiy2]. We have studied the activity of diene rhodium
complexes with thioferrocenylphosphine ligama allylic isomerisation of Jphenyt2-
propenel-ol as a model substratesgheme L The catalytic activity of the rhodium
complexes was compared with the activity of their iridium analogues, which were previously
found to be efficient catalysts for ketone hydrogendt@pn

R

3(9 /|| R = Et, Bu, Ph, Bz
OH dp/'\ﬂ\” o} OH X = Cl, BF,
F Fe Phe 9 ” - NBD
@ X . || cop
> M = Ir, Rh

Scheme 1

This reaction occurwia isomerization to the ketone, as the latter could be detasteah
intermediate when varying the reaction conditioRegardless of the catalyst amount, the
solvent and the addition of base, the presence of a hydrogen source (dihydr&y&Hdris
necessary to observe catalytic activitiesder these conditions, theomerization reaction
was generally followed by partial hydrogenation yielding mixtures of ketone and alcohol in
various ratios.

1. N. Ahlsten,et al. Dalton Trans2012 41, 1666167Q
2.K. Tanakaet al. J. Am.Chem. Soc200Q 122, 98739871.
3. E. Le Rowset al. Adv. Synth. Catal2007, 349 309-313.

The work was supported by tREBRgrants(project™ 1039 3 1 1 2 -03-31828)4
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3. V.S. Velezhevat al Tetrahedon Lett, 2008,49, 7106 7109

4. Padmakar A. Suryavanshdrg. Biomol.Chem, 2010,8, 3426 3436.
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NEW POLYMERIC, BINUCLEAR AND POLYNUCLEAR
CYMANTRENECARBOXYLATE COMPLEXES OF LANTHANIDES

P.S. Koroteey A.B. llyukhin, Zh.V. Dobrokhotova, V.M. Novotortsev

N.S. Kurnakov Institute of General and Inorganic Chemistry, Russian Academy of Sciences,
Leninsky prosp31, GSP1, 119991 Moscow, Russian Federation
[ -mail: pskoroteev@list.ru

Heterometallic3d-4f-carboxylates containing transition metal as a part of an organometallic
moiety remain the poorly studied class of compounds. Mostly the derivatives of ferrocene
were known until recently [1]. Lately we have obtained and studied several seBdslf
carboxylates containing the cymantren@ytn = (d°>-CsHs)Mn(CO)) moiety; most of those
complexes are binuclear [2, 3y means of exchange reactions between Ln tt@nd
CymCQH in H,O-THF-MeOH media the following isostructural complexes having
polymeric structure based on tetradental acetate groups connecting tRfelrisnwere
obtained: [Ln(CymCg),(OAc)(MeOH)}, (Lh = Nd(@), Gd@), Dy(3)). The using of Ho, Er

and Tm acetates under the same conditions gives isostructural binuclear complefes [Ln
0,CCymy(d>-00CCYMMd*OAc)(H-0)] A®H (Ln = Hod), Er@E), Tme)).
Crystallization of5 from methanol results in polymeric compléxsostructural withl-3 (Ln

= Er). Thermolysis of the complexes under air atmosphere affords JOgiinases, some of
which are multiferroics.

Recently we have shown a possibility of obtaining -Mn carboxylates using
cymantrenecarboxylate fragment both as a building block and a source”bfdvs under
oxidative photolysis conditions [4]:

2(CO)sMn(CsH,CO,) + 3H,0 + 0.50, 13> 6COA + 2Mn?* + 40H + [CsHsCO, ],

The resulting MA" and OH ions take part in the formation of the complexes. Tetranuclear
compl exes wi t h fidef e c[tnpMnses-OH)i(ceQb@@CENI(e-s t r U C t
O.,CCym)s(THF)4] (Ln = Dy, Ho), were prepared by such method [4]. Similarly, new
polynuclear complexes were obtained, A(EB-OH)a(e2-{ . Nj
O,CCymg(H20)3(THF)4[MNnCl,4] L 4,CIdH 6 T H8F haying cubandike core, and linear
heteroméallic [Er,Mn(g2-O.CCym)s(d>-{ 24 tym)o((MeQ)sPO)4] 2MePh(9) (Fig. 1, 2).

Fig 1. The molecular structure &t Fig 2. The structure of CymC{A in Fig.1).

1.P.S. Koroteeet al. Russ. J. Coord. Chen014,40(7), 496 505.
2.P.S. Koroteeet al. Polyhedron 2013,65, 110' 121

3. P.S. Koroteeet al. Russ. Chem. Byl2012,61(6), 1069 1078.
4.P.S. Koroteeet al.Inorg. Chim. Acta2014 418 157 162

Acknowledgementf hi s study was vy rhaRussiaa$cience Foungapoar t e d
(grant14-13-00939.
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ELECTROCHEMICAL POLYMERIZATION OF MAGNESIUM
PORPHINE. DIFFERENT POLYPORPHINE STRUCT URES WITH
VARIOUS CENTRAL IONS

K. V. Lizgina', D. V. KoneV?, M. A. Vorotyntsev'?

! Lomonosov Moscow State University, Faculty of Fundarh®higsical Chemical
Engineering? IPCP RAS, Russia
e-mail: ks09@inbox.ru

Due to unique chemical and physicochemical properties porphyrinnsysktave been
attracting much attention during the last decades [1]. A special area of this research activity is
represented by polymers on the basis of porphyrin monomer units which are immobilized in
the form of electroactive films on the surface of salidctrodes for their subsequent use as
electrocatalysts and sensors.

During the last years first representatives of a new family of such electroactive materials were
obtained. They consist of monomeric metalloporphine units, MP, M = Mg(ll), connected by
single mesaneso bonds ("poly(metallo)porphines of magnesium of type I", 9MP] or

three (mesaneso and twd- b) bonds ("poly(metallo)porphines of magnesium of type 11",
pMP-II) [3].

In the actual study new members of popy(metallo)porphine familg baen synthesized, in
which the central ion, Mg(ll), in the starting polymer of type |, pMgRas replaced by other
cations [4]. During the first stage the Mg(ll) cation of each monomer unit was exchanged by
two protons so that the "frdese polyporpimie” has been obtained for the first time. Then,
the remetallation stage was carried out, via the substitution of these protons by Zn(ll) or
Co(ll) cations. At the last stage all novel polymers were subjected to the electrochemical
oxidation, with their trasformation from those of type |, pMP into the corresponding
poly(metallo)porphines of type I, pMP.

Properties of these new polymers were studied by means of various spectroscopic and
electrochemical methods. Cobatintaining polymeric films on thsurface of the electrodes
were tested in the reaction of oxygen electroreduction in neutral and alkaline solutions.

1. Kadish K.M. et al (ed.)The Porphyrin Handbook. Academic Press, val201(2000).

2. M.A. Vorotyntsev, D.V. Konev, D.V. Devillers, &. Bezverkhyy et al. Electrochim. Acta. 55 (2010) 6703
6714.

3. M.A. Vorotyntsev, D.V. Konev, D.V. Devillers, C.H. Bezverkhyy et al. Electrochim. Acta. 56 (2011) 3436
3442.

4. D. V. Konev, C. H. Devillers, K. V. Lizginet al.Electrochim. Acta, 122 (20)48-10.
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THIN -LAYER CHROMATOGRAPHY OF STRUCTURAL ELEMENTS
OF MACROMOLECULAR POLYIMIDE BRUSHES WITH
POLYMETHACRYLATE SIDE CHAINS

L.S. Litvinova, I.P. Lezin, T.K. Meleshko, A. V. Kashina,
L. V. Vinogradova, A.V. Yakimansky

Institute of Macromolecular Compounds, Russian Academy of Sciences, Bolshoi pr. 31,
199004, SainPetersburg, Russia
E-mail: Larissa_Litvinova@hotmail.com

The critical mode of chromatography of macromolecules is a specific separation regime on
the boundary between exclusion and adsorption regimes that is based on the system properties
in the vicinity of the critical adsorptiopoint. Under this mode, macromolecules are no more
separated according to their sizes, and this makes it possible to study various types of their
structural and topological heterogeneities as well as to determine the distribution of different
types of furctional groups in macromolecules.

We used adsorption chromatography at the critical conditions (ACCC) for the analysis of
polymethylmethacrylate (PMMA) and potg(t-butylmethacrylate) (PTBMA) side chains
cleaved from polyimide (PI) regulargtaft-PMMA and Pigraft-PTBMA molecular brushes
synthesized via atom transfer radical polymerization (ATRP) of methacrylates by polyimide
multicenter macroinitiatorsPMMA and PTBMA side chains were cleaved by means of
alkaline hydrolysis of the PI backbone, and,réfiere, they had to contain one terminal
COOH group, and might also have one OH group at the opposite chain end. It could not be
excluded beforehand that cleaved chains also contain a certain amount-tefmiol
methacrylic acid units if the alkaline diolysis of the Pl backbone would be accompanied by

a partial hydrolysis of ester groups of PMMA and PTBMA side chains. Therefore, a careful
analysis of moleculaweight characteristics of side chains and distributions of functional
groups in side chainsag necessary in order to verify a controlled character of the ATRP
process of the synthesis of polyimide brushes and to prove that middle units of cleaved side
chains remain intact under the alkaline hydrolysis of the Pl backbone.

To this aim, mobile phas were composed in which either adsorption or exclusion regimes or
ACCC are realized for 1) commercial PMMA and PTBMA homopolymers, containing neither
COOH nor OH terminal functional groups, and 2) PMMA and PTBMA cleaved side chains
with one or more polaterminal groups and possibly some middle COOH grolipaias

shown that both PMMA and PTBMA cleaved side chains are functionally polydisperse
(contain different sets of end functional groups), however, there are no carboxylic groups in
their middle unitsTemperature dependences of retention factors at the critical conditions are
determined for the studied PMMA and PTBMA polymers and their thermodynamic sorption
characteristics are determined.

The work is supported by the Russian Foundation for BasicaRdségrant 1403-31809
mol-a).
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