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Modern organic chemistry



Life is organic …

Evolution of technology, biomimetic approach

 Utilization of organic materials

 Approaches based on biological principles

 Artificial life



Levels of complexity

If you want to make something new…
most probably, it will be organic!

Drugs

Polymers

Organic electronics



What is organic chemistry?

Alexander Mikhailovich Butlerov (1859):

«chemical nature of complex body is determined by

nature of elemental parts, their quantity and chemical

structure».

Structure of the molecule defines its properties.

Organic chemistry – chemistry of carbon 
containing compounds…

1828 – 1886



What is organic chemistry?

PropertyStructureSynthesis Application

Research process in organic chemistry in 19th and 20th centuries

Chemists synthesized, studied and utilized MOLECULES



What is organic chemistry?

Nobody needs molecules!..

… but, everybody need molecular properties!

Interested
• Action
• Safety
• Price

NOT interested
• Chemical structure
• Formulation
• Polymorphism

Drugs



What is organic chemistry?

Organic chemistry – a science about how to make substances

or materials with the needed properties based on carbon and

other elements compounds.

PropertyStructureSynthesis Application



Property → structure

Design and modeling of molecules

Quantum chemistry is  a modern language

More advanced language enables us to describe and understand 
more complex problems 

H H

С

O



Structure → Synthesis

Experimental studies of reactive species

actio (lat.) – movement, action



Synthesis → Application

Catalysts

Drugs

Organic electronics

Energetic materials



Research in our group



Expertiese

 Molecular modeling

 Organic synthesis

 Organometallic synthesis

 Homogeneous catalysis

 Physical methods

Interdisciplinary approach to solve problems



From science to industry 

Academic collaborations

Contract research ~ 80 % funding of our group



Vladimir Arnold

There is no “fundamental or applied”
science. There is science and its
applications.

Science gives us a key for understanding
of the nature and instruments to solve
vital problems.

1937 – 2010

Vladimir Igorevich Arnold



Molecular modeling

State of the art QM techniques enable studies of complex 
structures with high precision

Electronic structure

Spectral properties



Molecular modeling

Thermochemistry Reaction energetics
Stability of structures

Catalysis Reaction mechanism
Inverse problem



Carbon group elements chemistry

C Si Ge Sn Pb

Dmitry Ivanovich Mendeleev (1871):



Prediction of Germanium

Was known: Si(C2H5)4 - Sn(C2H5)4

Predicted: Eka-Si(C2H5)4 d = 0.96 g/ml Тb = 160°С

C. Winkler (1887): Ge(C2H5)4 d = 0.99 g/ml Тb = 163.5°С



Periodicity

C

Si

Ge

Sn

Pb

Increase in atomic number

Increase in atom volume, bond length

Decrease in bond energy E-E, E-C

Increase in polarizability



Chemical properties



Polyurethanes



Non-toxic catalysts, design

No Sn-C bond - no toxicity
Active
Low stability

High activity, toxic

Not toxic
Stable



Non-toxic catalysts, synthesis
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Non-toxic catalysts, application



Organometallic chemistry – chemistry of ligands

Not too much available metals!

Ti, V, Cr, Fe, Co, Ni, Cu, Ln Pd, Pt, Au Rh, Ir



Divalent compounds

C

Si

Ge

Sn

Pb

Increase in stability of divalent derivatives

SnCl2, PbCl2 – stable

СCl2 – highly reactive



Stable carbenes

T. Arduengo III Jr., 1991

Electronic Steric



Properties of stable carbenes

 Stronger donors

 More stable complexes

 Synthetic accessibility

 Easily functionalized

 Lower toxicity



Applications of stable carbenes

Synthesis of new drugs
Hoffman-La Roche, С16 cycle

Polymerizations
car palstics



New types of stable carbenes



Synthesis of carbenes



Carbene complexes



Suzuki-Miyaura reaction

 Pure water, no organic solvents

 In air, no oxidation of ligands

 Low loading of metal (0.5 mol%)

 High reaction rate (30 – 60 min)

 No side products



Polyolefines



New catalysts



 Catalysts for PO synthesis

 Catalysts for rubber synthesis

 Biodegradable polymers

 Organic electronics materials

Applied research



Catalysts for PO synthesis
39

Metallocenes

10+  years experience in PE/PP catalysts

New generations of  catalysts 

Post-metallocenes



Catalysts for rubber synthesis
40

Ethylene-butadiene rubber (EBR)

High-cis PB and PI rubber



Biodegradable polymers
41

New types of catalysts: Sn, Al

Highly active and selective: Ti, Zr, Hf-postmetallocenes



Organic electronics materials
42

New Ir OLED emitters

New conducting polymers & semiconductors

NHC-Ir cyclometallated complexes

as promissing OLED emitters



Agrochemistry

 Green chemical technologies

 Optimization and scale-up

Pesticides Insecticides Fungicides



 Organics are all around

 There is no need for molecules, but there is a need in molecular 

properties

 Property – Structure – Synthesis – Application

 Organometallic chemistry in a chemistry of ligands

 There is no “fundamental or applied” science! There is science 

and its applications.

Concluding remarks
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