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Dehydrogenation of Alkanes and Alcohols by Iridium Pincer Complexes

Head of Department of General Inorganic and Organo-Metalic Chemistry, 
Professor Avtandil Koridze
Coal, oil, and natural gas, so called fossil fuels, since the industrial revolution in the 18th century have provided mankind with cheap, accessible energy fuels, and raw materials for varied products and materials.
Alkanes, or saturated hydrocarbons, are major constituents of natural gas and petroleum, but there are very few practical processes for converting them directly to more valuable products. The reason for this difficulty is the chemical inertness of alkanes.
Alkanes do react at high temperature, as encountered in combustion, but such reactions are not readily controllable and usually proceed to the thermodynamically stable economically unattractive products, carbon dioxide and water.
Selective functionalization af alkanes and unactivated alkyl groups is one of the most significant tasks of organic chemistry and catalysis. Among the known alkane functionalization processes, catalytic alkane dehydrogenation is a potentially significant reaction since it provides access to olefins that are major organic feedstock used in a variety of industrial processes. Current heterogeneous processes for alkane dehydrogenation operate at high temperatures (400-6000C), and the development of homogeneous processes is attractive from the selectivity and energy efficiency point of view.

Presently the most active and robust homogeneous catalysts for alkane dehydrogenation are so called “pincer” complexes. They exhibit high (up to 2000C) thermal stability, making them useful for this transformation. 

The most active “pincer” catalysts, bis(phosphine) pincer complexes of iridium based on ferrocene and ruthenocene, were synthesized in the group of Prof. Koridze [1].  Complexes 1 and  2 reveal unprecedented catalytic activity in cyclooctane dehydrogenation (model reaction) in the presence of tert-butylethylene as a hydrogen acceptor: turnover numbers (TONs) 3300, 2571, and 1843 were obtained for 1, 2 and the known Brookhart’s complex 3, respectively, at 1800C for 8h (Scheme 1).

   Scheme 1. Transfer Dehydrogenation of Cyclooctane  Catalyzed by 1, 2, or 3.
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(Organometallics, 2006, 25, 5466-5476. Dalton Trans., 2011, 40, 7201-7209.)

The high catalytic activity for 1 and 2 and the difference in the catalytic activity of the related iridium pincer complexes were discussed in terms of steric and electronic effects of the corresponding pincer ligands [1,2]. 

Rising standards of living in a growing world population will cause global energy consumption to increase dramatically over the next half of century. Energy consumption is predicted to increase at least 2-fold. Increases in energy intensity derived from economic and population growth will be linked to increased carbon emissions. While the precise response of the climate to continued runaway CO2  emissions is not definitely known, it is abundantly clear that the current atmospheric CO2  levels of 380ppm  are significantly higher than anything seen in the last 650 000 years.

Hydrogen presents itself as a potential alternative to carbon-based fossil fuels. A near-term H2 source is methane and other petroleum-based fuels. However, in the absence of carbon capture and storage, the use of H2 from methane results in only a marginal improvement in stemming carbon emission. Conversely, carbon intensity will be decreased significantly if water, with solar light as an energy input, is the primary carbon-neutral H2 source.

Hydrogen is potentially an ideal energy carrier, as it is nonpolluting and has a high energy density by weight. In view of global concerns regarding the environment and sustainable energy resources, hydrogen is often considered as the fuel of the future, a promising candidate to solve the problems caused by the use of fossil fuels.



The production, storage, and transportation of hydrogen have attracted careful attention in recent decades. To preserve the important advantages of liquid fuels such as gasoline and diesel, namely relative safety, fast refilling times, and high energy density, it would be of great interest to achieve hydrogen storage in liquid materials. Significant efforts are devoted to the development of catalysts able to dehydrogenate some hydrogen-rich liquids (“organic hydrides”) such as alkanes, formic acid, and nitrogen heterocycles. In this respect, alcohols seem to hold considerable promise. Transition-metal-catalyzed dehydrogenation of alcohols is tantalizing in view of the development of environmentally friendly, high-atom-economy processes. Carbonyl compounds generated usually have a much more wider range of reactivity and are of higher value. A number of transition-metal complexes able to provide transfer dehydrogenation of alcohols are known, with carbonyl compounds and alkenes being used as hydrogen acceptors. The most desired acceptorless alcohol dehydrogenation is a less common case.

Recenty, Prof. Koridze and co-workers reported dehydrogenation of alcohols by three iridium pincer complexes, IrH(Cl)[2,6-(tBu2PO)2C6H3] (4), {IrH(acetone)[2,6-(tBu2PO)2C6H3]}{BF4} (5), and IrH(Cl)[{2,5-(tBu2PCH2)2C5H2}Ru(C5H5)] (6),  in both the presence and the absence of a sacrificial hydrogen acceptor [3] (Scheme 2).  

Scheme 2
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(Organometallics, 2013, 32, 1000-1015.)

  Dehydroganation of secondary alcohols proceeds in a catalytic mode with turnover numbers up to 3420 (85% conversion) for acceptorless  dehydrogenation of 1-phenylethanol (Scheme 3).

Scheme 3
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Performance of the most active catalyst reported in this work, complex 5 (85% conversion, 3420 TON, 1900C, 32 h, neat PhCH(OH)CH3) is roughly comparable to those  of the known best systems concerning conversion and TON, while 5 takes advantage of carrying out catalysis in neat  substrate instead of organic solvent.

Primary alcohols are readily decarbonylated even at room temperatures to give catalytically inactive 16e Ir-CO adducts. The mechanism of this transformation was studied in detail, especially for EtOH, and new intermediates were isolated and characterized.

Polycarbonates, special purpose polymers, adhesive compositions, new natural alkaloids, plant growth stimulants, new aromatic heterocyclic systems and their derivatives, anomalous reactions, photochromic bis–spiro compounds, bis-and polyanalogs of Indole line biologically active substances: 
the synthesis, properties, screening 
Head of Department  of  Organic  Chemistry, 
Academician of Georgian National Academy of Sciences, 
Professor Shota Samsoniya 
Fields of scientific interest of Department 
· Nitrogen-containing heterocyclic compounds Chemistry - Indole and Adamantane fragments containing new heterocyclic systems and their derivatives: synthesis, properties, screening.
· Chemistry of macromolecules.
· Chemistry of Natural Compounds – Alkaloids. 
· Petrochemical Synthesis.
· Photochemistry - bis - Spyrrocompounds.
1964-1973 years     (Modification of polycarbonate) 
· Entering of isophthalic and terephthalic bicarbonic acid fragments in Polycarbonate macromolecule chain was achieved increasing of thermal stability and mechanical properties of polycarbonate.
Polycondensation goes by steps: 
Scheme 1.
Step 1. Formation of Polycarbonate oligomers:
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Step 2. Formation of Polyarilate oligomers:
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Step 3. Polycarbonate and poliyrilate block – co-polymers generating scheme: 
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Scheme 2.   The reaction goes on phase surface
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· Works are done in Moscow Mendeleev Chemical - Technology Institute: 
· There Shota Samsonias also defended his Ph.D. thesis. 
· 15 Article  are published ("High compounds chemistry" and “Bulletin” of the Georgian Academy of Sciences). 
· 1 Was received for author's certificate, SU 240233
· Was received Mendeleev All-Union Society diploma. 
Studies in the synthesis of the special purpose polymers
New methods of synthesis were processed: 
·  4,6-Diamonoisophthalic acid diamidrazone, SU 769999 
·  Polytriazoloquinazolines,, SU 770107 
·  Poly-1,3,4-Oxadiazolylbenzoxazoles, SU 862572 
·  Amino group containing Poly-1,3,4-oxadiazoles, US 892919 
· Poly-(N-phenyl)-benzimidazolylsulfones, SU 892925
· Polyoxadiazolylbenzoxazoles, SU 999543
· Polybenzoxazoles, SU 1002310 
There were obtained: 
· Membranes, fibers with improved physical - mechanical and thermal characteristics. Fields of application: chemical, oil - and electrotechnical industry, machinery and equipment production. On base of these polymers are made high antifriction gas separation membranes and thermally stable  lubricant oils 
· 7 Inventor’s certificate.
Adhesive compositions
·  For accurate instrument-Making Industry was implemented new epoxy adhesive compositions for adhesion of  metallic structures 
· Adhesive compositions have low mobility at high temperature and high mechanical strength to  the load 
· Adhesive compositions are used for gluing of chisels with plates from the superstable alloys  and details used in accurate instrument-making Industry . 
· 1000 hours, 11.5 kg/cm2  load, 1000C, 
· Two works are protected by copyright certificate- SU 521733, SU 556614. Invention and was introduced in Moscow machine factory  "komunari“
· "TSU-1" Introducing is registered by the Central Statistical Administration and was received a medal: "Inventor of the Soviet Union". 
Non-waste technology of processing of wood wastes
In order to receive the new combined food products with co-workers was developed the Public - economic importance theme: non-waste technology of the processing of wood waste 
· The new method of gaining of combined food products. 
· The topic was performed in enterprises of Thianeti. 
A method of preparation of unsaturated hydrocarbons from oil
On the base of  Patardzeuli № 4 borehole oil fractions was given the method of gaining of unsaturated hydrocarbons in the  presence of ultrasonic frequency (22-44 kHz) and homogeneous initiator (organic peroxide), for which was received the patent GE P 3689 B, 2005 and defended 1 Ph.D. thesis. 
Three books were published in oil field: 
1. Oil chemistry practical. Sh. Samsoniya and others., Tbilisi State University, Tbilisi,  2000, 146 p.
2. Petrochemical Synthesis. Sh. Samsoniya and others., Tbilisi State University, 2005, 180 p. 
3. Oil and Natural Gas Chemistry. Sh. Samsoniya and others., Tbilisi State University, 2009, p.191. 
The studying of  Georgian flora
·  With co-workers was studied many endemic and non endemic exemplars of flora on containing of  alkaloids and phenolic compounds 
·  One phD thesis
·  Was separated and described two alkaloids unknown in the literature: N-oxides of  Kokulidin and Izolaurelin, respectively, from  Magnolia Obovata Thunb and Coculus Laurifolius. 
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The main scientific interests
Delicate organic synthesis - biologically active compounds, including the synthesis and study of polymers:
· Processing of preparation methods of synthesis of the new bis- and polyfunctional analogs of nitrogen containing, known biologically active heterocyclic compounds in order to receiving of biologically active compounds with potential prolongation capacity. 
· Research Area: indole and adamantane nucleos containing  compounds:
· Compared to Tyrosine, Indole's NH bond is polar, generates hydrogen bond and don’t undergoes ionization at the body's PH. 
The derivative of Indole: 
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1. The new systems 
·  Pyrroloindoles 
·   Indoloindoles 
·   Polydiketopyperazines 
2. Bis - indoles and on their base taken oligomeric polyesters, polyamides, polyamines and other indole fragment containing oligomers, where the indole nucleuses connection occurs through the carbon atoms of benzene nucleus. 
· All the new structure has reaction centers in indole’s pyrrolo nucleus, which ensure the implementation of polymeranalog transformation reactions. 
3. Received 3 copyright certificate: SU 1140443, SU 674421, SU 1044007 (34 dissertations, including  4 phD in Chemistry sciences).
Synthesized new systems and substances: pyrroloindoles, indoloindoles, Benzpyrroloindoles, Arylindoles, bisindoles, BIS - Pyrridazinoindoles, bis – Spyrro compounds: 
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Indoloindoles molecular diagram (Quantum chemical calculations)
Izomeric Pyrroloindoles 
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Izomeric Indoloindoles, Bis-carbazoles, Bis-Indoles
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The synthesis of gramin polymer analoges 
Polymeranalog conversion of polyamides (Mannich reaction) in dimethylformamide, by gradual increase in temperature 20-800C 
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Arylindoles 
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4',6-Diamidino-2-phenylindole (10) (DAPI) and its derivatives 11 actively interact with nucleic acids A:T и G:C sites. 
Preparation D-16726 (12) and Preparation D-15413 (13) is used in the treatment of hormonedependent cancer forms.
Samsoniya Sh.A., Chikvaidze IS, TG Narindoshvili Derivatives of 2-phenylindole. Monograph series INTERBIOSCREEN. Fav. Methods for the synthesis and modification. "Chemistry of synthetic indole systems", Ed. VG Kartseva 2004, v.3, p.306-348.
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The new Arylindoles
Important Results
· Indole bis - and poly functional analogues were obtained and was studied their biological activity. 
· Preparations methods (corresponding bis - hydrazones bicyclization and pyrrole nucleus building with hydrogenated Indole ring) of synthesis of Pyrroloindoles and Dipyrrolonaphthols (Indoloindoles) linear and angular structures were processed and submitted.
· Both experimentally and theoretically was shown that in synthesized heterocycles electrophilic substitution reactions can be conducted also in abnormal way. 
· Some abnormal (new) reactions were found: benzyl nucleus 1.7 – Migration in 2 - phenylindoles, during the diazotization process of 7 – aminoindole - the chlorination reaction of the indole nucleus and  deformylation reaction of 3-formylindoles to the presence of glycols. 
· Were synthesized nitroindolin and nitroindoleribosides of  natural nucleoside analogue which input in oligonucleotide chain leads to structural and functional changes 
· For determination of reaction centers in Pirroloindoles and bis-indoles was used the quantum - chemical semiempirical method.
· For all synthesized systems was studied features of electrophilic substitution reaction 
· The new mechanism of Indolization reaction was provided. It is shown that the N-N bond splitting can outstrip the C-C bond formation.
· Kursus replacement in synthesized systems was studied.
· Kraun-ether containing Indolic system was obtained
· Over 1500 new structure was synthesized. Among them was revealed compounds withcurare similar antimicrobial, anti-tumor, pesticide, bactericidal, and cytostatic activity. BIS – indoles and pyrroloindoles bicarbonic acids salts showed on grafting area callus generating high stimulating effect, which promotes the productivity of first quality vines grow by 10-12%. 
With co-workers, on the basis of Indole derivatives was obtained the significant results for optoelectronic in the field of liquid - crystalline systems chemical transformation. Surface-active compounds with ability of forming organic mono - multimolecular layers were obtained 
· The synthesis methods of Pyrridazoindoles and bis - Pyrridazoindoles derivatives were given. These substances are considered as compounds capable of breaking the spiral structure of the pathogenic viruses (eg HIV-1) and, therefore, represent a potential anticancer and antiviral agents 
· On the base of Indole derivatives was developed hologram recording techniques. Authors' Certificates: SU 1632224, 1990; SU 1626927, 1990). 
Method provides an increasing of sensitivity in 2 times and the diffraction efficiency of 1-9%. 
In 1987, from the plant "Streptomyces zebensis" was isolated highly active anti-cancer antibiotic 
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Later was obtained its synthetic analogs, including the bis-Indole:
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An example of our obtained trimmers
Adamantane-containing heterocycles
·   A series of papers was devoted to synthesis, transformation and screening of Adamantylbenzimidazoles, adamantane - Indoles and acetylene line Adamantane containing compounds,
· Was developed a one-step synthesis of adamantane fragment containing dipeptides using Ugi reaction. This work was twice funded by Rustaveli Science Foundation. 
· Adamantane has lipophilic nature and accordingly, facilitate the passage of the active substance into the cell. 
Weak cytostatic activity and action against human Acquired Immunodeficiency Syndrome was revealed:
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R = 1-Ad;   o-C6H4Cl;  p-C6H4Cl;   CH2Oph 
Photochemistry – Spyrrocompounds
Indole fragment containing Dihydroindolizines’ line new Electro and photochromic Systems. This work was funded by the German Science Foundation ("deutsche Forschungsgemeinschaft") in 1996-2000 years. 
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Bis-Spyrrochromenes
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Abnormal reactions
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Abnormal reaction of chlorination
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Chikvaidze I.S., Samsoniya Sh.A., Targamadze N.L, N.S Lomadze “Unexpected chlorination process during diazotization of 2-ethoxycarbonyl-7-aminoindoles”. CHC, 1994, №8, p.1145-1146. 
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Deformylation reaction of  3-Formylindoles
Chikvaidze I.Sh., Samsoniya Sh.A., Narindoshvili T.G., Kobachidze N.V. Deformylation of some 2-substituted indole-3-aldehydes. International Journal – Chemistry of Heterocyclic Compounds, 2000, v. 36, № 11, p.1346.

1,7 - Migration of Benzyl group  in  Indole line
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Samsoniya Sh.A, Chikvaidze I.S, Gogrichiani E.O. „An unexpected migration of benzene groups in the N-benzylindole“. CHC 1994, №8, pg.1146-1147. 

Biological activity
· Aminophenyl - adamantyl - phenylazo - phenylthio - bromphenyl - chlorophenyl - nitrophenylthio – dimethylaminomethyl- and others fuctional group containing synthesized heterocycles physiological Activity; 
· High and medium antimicrobial activity - Phenylindole, Benzpyrroloindoles; 
· High curare similar activity - bisindoles, indoloinindoles, Pyrroloindoles;   
· High cytostatic Activity - phenylindole, benzpyrroloindole, gramins  bis – analogs;  
· High tuberculostatic and secondary antitumor  Activity – pyrroloindoles; 
· Anthelmintic activity - adamantane-containing benzimidazole; 
· High antiphytopathogenic activity - phenylindole, pyrroloindoles
Organizations, where the synthesized compounds were tested
1. National Cancer Institute - U.S., Maryland, c. Bethesta 
2. JSC  ASTAMEDICA, ZENTARIS GmbH – Francfurt am Main, Germany. 
3. Hans Knoell Institute for the Study of Natural Compounds, c. Jena, Germany  
4. U.S. Military Medical Institute of Infectious Diseases (USAMRIID), c. Bethesta 
5. Chemical treatment center, Russia's Chemical - Pharmaceutical - Scientific-Research Institute (ЦХЛС-ВНИХФИ), c. Moscow. 
6. Koltsov Biological Development Institute, Moscow. 
7. Institute of Botany, c. Tbilisi. 
Premiums:
1. Tbilisi State University’s Peter Meliqishvili Prize (1980): 
For the cycle of work: "A new common method for the synthesis of nitrogen-containing heterocyclic compounds and polymers obtained on their  basis“.
2. Georgian National Academy of Sciences Peter Meliqishvilii Scientific Academic Award: 
For the cycle of works performed in 2007-2012, "Nitrogen-containing aromatic heterocyclic systems with potential biological activity: synthesis, properties, screening.
Scientific papers:
· 568 Publications, including 285 scientific articles (138 in international journals abroad, 145 in regional journals), 18 author's certificates and patents of invention, 29 textbooks, monographs and one electronic version of the book. 
· Results of scientific research were applied in various scientific conferences, a total of 235 publications, including 162 foreign and 73 thesis on Republican conferences. 
Scientific Supervisor
By Prof. Shota Samsoniya 's guidance were prepared and defended 36 dissertations:
· 2 PhD in chemistry,  28 Candidate of Chemistry Sciences, Research Consultant of 6 defended dissertations of  Doctors of Chemical Sciences 
Synthesis methods of a new heterocycles and their derivatives are described in books:
1. New preparative methods in a series of indole, G.I. Zhungietu, N.N. Suvorov, A.N. Coast, Kishinev, "Shtiintsa",1983, pg.14-18. 
2. Preparative Chemistry of gramins, B.B, Semenov, М.А. Yurovskaya, Moscow, 2005, "Sputnik", 2005, pg. 67-68. 
3. Selected methods for synthesis and modifikation of heterocycles “The Chemistry of synthetic indole systems”, edited by Prof. Kartsev V.G., Moscow: IBS Press, 2004, v.3, pp. 542-547, 500-502, 5010-5011. 

Scholarships, grants, contracts, Projects:
Scholarships: 
1. 1971-1972 years -  Scientific training, Gutenberg University, m. Mainz  (Germany) (Prof. Shota  Samsoniya). 
2. Jena Schiller University  - 1987, 1988, 1990 (Germany) (Prof. Shota  Samsoniya).
3. 1987, 1989, 1992,  1993, 1996, 1998, 2003, 2005, 2007, 2009, 2011  - Professor Scholarship, Exchange program, University of Saarbrucken (Prof. Shota  Samsoniya). 
4. By  Department  staff  was  obtained Soros Professor four Scholarships 1984-1998 წწ. 
Grants (Shota  Samsoniya’s  scientific team): 
1. Georgia Research Foundation and the Rustaveli Science Foundation grants :   GNSF/ST07/4-181, GNSF/ST08/4-413, Ar/311/6-420/11; for PhD students -  YS/35/6-420/11, YS/33/6-420/12;  II International Conference " Advances in Heterocyclic Chemistry"(GeoHet-2011), conference grant CF/21/6-420/11, 28.04.11; International Conference “Organic Chemistry” (ICOC-2014),  conference grantCF/00/0-420/14,  06.06.2014.
2. Other grants: 
Individual grant of International scientific society  (ISF, J. Soros), 1994; Greek Research Grant ( Thessaloniki Aristotle University), 2003-2005; Academy of Sciences Research Grant (with Pharmacochemistry Institute), 2003-2004, the state grant  of Ministry of Education and Science, the highest funding, № 94, 2005; 
Projects: 
German Research Society (DFG)  Project 436  GEO 113/3/0-2 R/S, 1996-2000;   
Hans Knoell Institute for the Study of Natural Compounds, c. Jena, screening, Germany, 1999-2006; 
U.S. Military Medical Institute of Infectious Diseases, c. Bethesta,  screening, 2010-2012; 
Contract: 
JSC ASTAMEDICA, 
Zentaris GmbH,  screening, Frankfurt am Main, Germany, 1999-2005.
The research interests of the department of macromolecular chemistry of 
Iv. Javakhishvili Tbilisi State University

Head of Department, Professor Omar Mukbaniani 
The synthesis of inorganic and organo-inorganic polymers and copolymers including po​lysiloxanes, polysilanes, organic polysilicates and polycarbosilanes is investigated. Meth​ods of precision of syn​thesis to build block, graft and comb-type structure are developed. The mechanisms of reactions leading to these polymers are also studied.

Some effort is devoted to the synthesis of various types of functionalized silicon polymers with “reactionable groups”. Organic functions are introduced to polymer chain ends or to side groups. In this way reactive polymers are obtained which are further used for synthesis of block and graft copolymers or for modification to give them specific properties. 
Kinetic methods are employed to determine the structures of intermediate products. Theoretical methods (molecular modeling) are used in addition to physical-chemical techniques to study the mechanistic problem. Synthesis and investigation of properties silicon containing conjugated polyarylene-vinyl​ene-sily​len​es with cumulenic sequences in the main chain for light-emitting diodes. 
Solid polymer electrolyte membranes for electro storage devices on basis of organosi​lic​on matrix.
Research interests relate to the study of the properties of electrically conductive polymer composites and the mechanism of charge transport in organic heterogeneous systems, to search for an alternate energy sources.

New binders for obtaining ecologically friendly wood composites.
Modification of polymethylhydrosiloxane via hydrosilylation reaction still remains as an inte​resting way for obtaining of new siliconorganic polymers, but the main disadvantage of this method is that not all active (Si-H groups participated in the hydrosilylation reaction, which causes branching process through the formation of silsesquioxane bonds and explains the inc​rease in the molecular weights.
Comb type polyorganosiloxanes may be synthesized by two ways 
1. Via hydrosilylation reaction of polymethylhydrosiloxane with allyl or vinyl containing compounds in the presence of platinum catalysts (Pt/C, platinum hydrochloric acid, Karsted’s Catalyst, Rhodium and Ruthenium complexes); or using dehydrocoupling reactions of polymethylhydrosiloxane with hydroxylcontaining compounds in the presence of catalysts. 
2. The second way for synthesis is the hydride addition of 2.4.6.8-tetramethyl-2.4.6.8-tetrahydrocyclotetrasiloxane (methylcyclotri-, -pentasiloxanes) to allyl or vinyl containing compounds in the presence of platinum catalysts and polymerization of obtained product. 
So, synthesis these two ways will be discussed in this work.
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Scheme 1. Hydrosilylation reaction of polymethylhydrosiloxanes with unsaturated compounds 
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Scheme 2. Hydrosilylation reaction of tetrahydrotetramethylcyclotetrasiloxanes with unsaturated compounds. 
Polymerization and copolymerization of methylorganocyclosiloxanes 
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Scheme 3. Polymerization and copolymerization reactions of organocyclotetrasiloxanes with terminated agent (hexamethyldisiloxane).
Solid po​ly​mer elec​​tro​lyte me​m​branes have been obtained via sol-gel pro​cesses of oligo​mer sy​s​​tems doped with lithium tri​fluo​ro​methyl​sul​fo​nate (triflate) or lithium bis(triflu​o​ro​​methyl​sulfonyl)​imi​de. 
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Scheme 4. Sol-gel reactions of copolymers
The de​penden​ce of ion​​ic conductivity as a function of temperature and salt con​centration has been inves​tigated. It has been found that the electric conductivity of the polymer electrolyte membranes at room temp​e​ra​ture changes in the range 4x10-4 – 6x10-7 S/cm.

Some studies in the field of Bioorganic chemistry

Head of Department of Bioorganic Chemistry,

Academician of International Engineering Academy,
State prize Winner 

Professor Ramaz Gakhokidze 
Some application of new rearrangement of carbohydrates

The complex and manifold reactios of the carbohydrates in alkaline solution have fascinated organic chemists and engaged their attention for over the century. In spite of extensive studies, knowledge of the interconversion and degradation reactions of carbohydrates in alkaline solution is still incomplete. The main processes involved in the transformation of the reducing sugars under the influence of aqueous bases are (a) muturotation (anomerization); (b) epimerization by enolization (Lobry de Bruyn-Alberda van Ekenstein transformation); (c) reverse aldol condensation and cleavage reactions, and (d) saccharinic acid type rearrangements (by β-elimination of hydroxyl groups with the formation of dicarbonyl derivates and consequence benzilic acid-type rearrangement of them). Formation of carbocyclic compounds and Cannizzaro reaction are also possible and some polymeric material may also be formed (probably via aldosuloses at elevant temperatures). Moreover sugars form complexes (saccharides) with alkalis. Under the action of alkalis glycosylamines are capable of Amadori rearrangement. Several derivatives of carbohydrates are well known under basic conditions to undergo migrations, for example, elimination of the activating group (e.g. alkyl- and arylsulfonyloxy, halogen, sulfate and nitrate groups) with intramolecular participation of an oxygen atom to form an oxide ring (internal ether) and acyl group migrations involving isomerization by intramolecular trans-esterification.

We have previously described a number of cases of the isomeric transformation of aliphatic and cycloaliphatic hydroxyaldehydes into monobasic acids. We have shown that aldoses with unsubstituted pseudo-aldehyde and alcohol groupings in the 2-position are isomerized under the action of lead and tin hydroxides into the corresponding acids as a result of intramolecular oxidation-reduction rearrangement.
[image: image20.png]OR




Confirmation has been obtained of the view what the role hydroxides of metals of variable valence lies in the formation of intermediate unstable complexes. The presence of complexes has been very clearly shown for the case of salicyl aldehyde under the action of lead hydroxide. A complex is obtained which under the given conditions is stable, and no acid is formed.

On the basis of the experimental data it has been assumed that the reaction proceeds via mechanism of synchronic displacement of electrons and involvs intramolecular rearrangement:
[image: image21.png]
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The method of isotopes has been applied to confirm the above mentioned mechanism. In particular, rearrangement of 3,5-tri-O-methyl-1-C-deuterium-D-glucofuranose (II) was investigated. The compound (II) was synthesized from D-glucono-1,4-lactone (I) according to the scheme. 
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Under the influence of lead hydroxide in conditions of gradually increasing temperature (20-90 oC) the compound (II) transforms into 2-desoxy-3,5,6-tri-O-methyl-2-C-deuterium-D-gluconic acid (III). 

So, it has been established that rearrangement proceeds by intramolecular mechanism and migration of deuterium atom disposed next to the first carbon atom towards the second carbon atom takes place, which agrees with the assumption on possible mechanism of this reaction. 

We have carried out isomerization of trimethylglucose by Pb(OH)2 in water and heavy water (D2O). While comparing kinetics of tri-O-methyl-D-glucofuranose isomerization, it turned out, that reaction proceeds more rapidly in heavy water and equilibrium is set in two hours, while in usual water it completes in 2.5 hours (by 25% faster). As far as rearrangement proceeds more rapidly under Pb(OH)2/ D2O action than by OH – in water, the rate of the reaction depends on the breaking of H-O group, with subsequent formation of chelate complex. The kinetics of the reaction was studied by means of total acidity determination during the titration. 

The introduction of electronegative substituents into α-position considerably increases the reaction ability of carbohydrates. We proved that carbohydrates (aldoses and ketoses) derivatives with electron-accepting substituents with C-2 under the influence of lead hydroxides subjected to acid transformation and substituents with big I-effect increase reaction ability of the compound:
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Activity of substituted carbohydrates, which are undergoing transformation, grows in a row:

X=OH < OCOCCl3 < Hal < OSO2C6H4-p-CH3 < OSO2CH3

The results of experimental researches have shown that hydroxyl ions are not specific catalysts for the rearrangement. In presence of strongly basic ion-exchange resins carbohydrates suffer only epimerization. When Hydroxides of different metals are used, different results are obtained, from which we made conclude that a factor determining rearrangement is the metal ion. Major products from glucose transformation under the action of sodium hydroxide are 3-deoxyaldonic acids. The same 3-deoxyaldonic acids and in addition 2-C-methylaldonic acids produce from glucose upon the reaction with calcium hydroxide, as well as with lead hydroxide:
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The most probable mechanism of these rearrangement involvs: (a) formation and ionization of enediol; (b) the β-elimination of a hydroxyl groups; (c) rearrangement to an α-dicarbonyl intermediate; (d) a benzilic acid type af arrangement to the deoxyaldonic acids. 
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The mechanism of rearrangement of carbohydrates described by us was proved via methods of Quantum chemistry and Algebraic chemistry. 

We have also described a number of cases of the rearrangement in the series of disaccharadies. The reactions of this type are of great scientific and practical importance since the disaccharides are the models of polysaccharides. These reactions would be studied on polysaccharides in future, which is of great practical importance to increase stability of glycoside bonds, for example, while isolating cellulose from wood and other technological processes.

Organic acids play the leading part in metabolism – reduction of carbonic acids during photosynthesis and oxidation of carbohydrates during the breathing process takes place with participation of organic acids. It is accepted, that formation and utilizitaion of organic acids during breathing process is realized by means of two chemical ways – glycolysis and pentosophosphatic. We supposed the alternative course of formation of organic acids in organisms by intermolecular rearrangement of carbohydrates (see Table 1).
On the basis of intramolecular rearrangement of carbohydrates a suggestion is made by us with respect to the formation of organic acids may occur via the intramolecular rearrangement of glucose, involving the intermediates: 2- deoxygluconic acid, 3,4-dihydroxyadipic acid and 3,4-diketoadipic acid, which undergoes a benzilic acid type of rearrangement, giving citric acid:
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It was indeed found that experiments with a film containing Aspergillus Niger and these acids led to the formation of citric acid. 

The intermediate 3,4-diketoadipic acid would be degraded to malonic acid: 
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2-deoxyaldonic acid (via the 5-keto derivative) may undergo a cleavage reaction with the formation of malic and glycolic acids. Oxalic acid can be formed by the oxidation of glycolic acid:
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For testing of above mentioned scheme rearrangement of 3,4-diketoadipic acid was studied. The 3,4-diketoadipic acid (VII) was synthesized from oxalic acid (IV) via diethyl ether of oxalic acid (V) and diethyl ether of 3,4-diketoadipic acid (VI). The 3,4-diketoadipic acid by the action of potassium hydroxide undergo benzilic acid type of rearrangement to produce citric acid (VIII). It is known, that only aromatic diketones undergo benzilic acid rearrangement. The above mentioned conversion indicates the possibility of analogous rearrangement in nonaromatic systems.
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For establishment of analogous process in vivo, the experiments were carried out on unicellular organisms, namely on suspension on intact Saccharomyces cerevisiae cells. It has been shown that intensification of respiration occurs in a few minutes after adding 3,4-diketoadipic acid.

It was shown that the products of rearrangement – deoxyaldonic acids are formed in plants at photosynthesis and actively participate in respiration process and during their conversion different compounds are formed.

There has been considerable interest lately in the study of deoxy sugars, which are an important clase of carbohydrates. Many deoxy sugars confer unique biological properties on the natural substances of which they are a part. Deoxy sugars are widely destributed in nature, being components of cardiac glycosides, heterosides, polysaccharides and deoxyribonucleinic acids. The oxidative products of deoxy sugars (deoxy aldonic acids) are found in leguminous plants. 

Great attention has been paid to synthesis of deoxy sugars, since these compounds are frequent constitutions of biologically important molecules. Deoxy sugars have been recognized as immunological determinants when attached to macromolecules and are rensposible for the specifity of immune reactions. So there is a considerable interest in developing methods for synthesizing 2-deoxy sugars from readily available starting materials.

A method has been developed for the synthesis of deoxy sugars (2-deoxyribose and many other valuable deoxy sugars) by above mentioned rearrangement:
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Pharmacological study of salts of deoxy aldonic acids has shown that some of them have a cardiostimulating and tonic effect on the elements of smooth-muscle vessels. The effect is particularly pronounces in induced fatigue of the heart muscle. Some of the synthesized substances have been found to stimulate neurons of the central nervous system [59].

Table 1

ALTERNATIVE   PATHWAYS OF   ORGANIC   ACIDS   IN   NATURAL SYSTEM
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Synthesis of new dibenzooxabicycloaminocontaining

1,2-trans-glycosides 

Little has been published about carbohydrates containing heterocyclic compounds.  However, such compounds are definitely of practical interest for synthesizing new types of 1,2-trans-glycosides.

We propose a convenient method for synthesizing new types of heterocyclic derivatives of 1,2-trans-glycosides.
Condensation of  1-chloro-2,3,4,6-tetra-O-acetyl-(-D-gluco(galacto)pyranose (1,2) with 4,4,8,8-tetramethyl-2,3,6,7-dibenzo-9-oxabicyclo-(3,3,1)-nonan-1-N-amino-5-ol (3), 4,4,8,8-tetramethyl-2,3,6,7-dibenzo-9-oxabicyclo-(3,3,1)-nonan-1-N-methylamino-5-ol  (4) and  4,4,8,8-tetramethyl-2,3,6,7-dibenzo-9-oxabicyclo-(3,3,1)-nonan-1-N-ethylamino -5-ol (5)  at room temperature in the presence of freshly prepared  Ag2CO3 catalist in ether solution produced 6-11, respectively, according to Scheme 1.                                                                                                                
             Scheme 1.


[image: image31.emf]O

CH

2

OAc

R

R

1

OAc

OAc

CI

+

CH

3

H

3

C

CH

3

CH

3

HO

O

O

CH

2

OAc

R

R

1

OAc

OAc

CH

3

H

3

C

CH

3

CH

3 O

O

R

R

1,2                                      3-5

6-11

R = -NH

2

   (3);       (1, 3, 6); (2, 3, 9)

R = -NHCH

3 

 (4);   (1,4,7);   (2, 4,10)

R = -NHC

2

H

5

  (5);  (1, 5, 8);  (2, 5, 11)


These are nucleophilic substitution reactions that occur through an SN2 mechanismm. The direction of the reaction depends on the relative configuration of C1 and C2  in the starting acylated chloroglucose(galactose) and on the acceptor of the released HCl. Condensation of 1,2-cis-acylglycosylhalides  with alcohols in the presence of Ag2CO3 occurred mainly with C1 configuration inversion, resulting in formation of 1,2-trans-glycosides.

We performed quantum-chemical calculations using CS Mopac2000 Version 1.11 in order to justify theoretically the direction of the condensation of 1-chloro-2,3,4,6-tetra-O-acetyl-(-D-gluco(galacto)pyranose (1,2) with dibenzooxabicycloamine  derivatives.  Compounds were optimized before each QAM1 (Austin Model 1) calculation by minimizing the energy using molecular mechanics (MM) and    quantum-chemical methods.

The model condensation was the reaction 1-chloro-2,3,4,6-tetra-O-acetyl-(-D-glucopyranose (1) with  4,4,8,8-tetramethyl-2,3,6,7-dibenzo-9-oxabicyclo-(3,3,1)-nonan-1-N-amino-5-ol (3). Two possible reaction pathways were examined that formed the 1,2-trans-glucoside  and 1,2-cis-glucoside.  
The calculated heats of formation of the products showed that the probability of generating structure  1,2-trans-glucoside   was greatest,  ΔHf = -1095.39 kJ/mol  (structure  1,2-cis-glucoside,      ΔHf = -1087.68 kJ/mol). This was confirmed by PMR spectroscopy. PMR spectra of 6-11 showed resonances of anomeric proton H-1 bonded to C-1 at   δ   4.43 – 4.52 and splitting as result of coupling with H atoms on C-2 into two lines with SSCC J1,2 =8.0 Hz. This value was typical of axial-axial placement of the coupled atoms (1,2-trans-glycoside).  
The condensation reaction of 1-chloro-2,3,4,6-tetra-O-acetyl-(-D-gluco(galacto)pyranose (1,2) with 4,4,8,8-tetramethyl-2,3,6,7-dibenzo-9-oxabicyclo-(3,3,1)-nonan-1-N-triptamin-5-ol (3), 4,4,8,8-tetramethyl-2,3,6,7-dibenzo-9-oxabicyclo-(3,3,1)-nonan-1-N-(5-methoxytriptamin)-5-ol (4) and       4,4,8,8-tetramethyl-2,3,6,7-dibenzo-9-oxabicyclo-(3,3,1)-nonan-1-N-(4-methyltiazo-lylethylamino)- -5-ol (5)  in the presence of the silver carbonate catalyst has been studied at the first time. As the experimental result have been obtained corresponding dibenzooxabicycloaminocontaining 1,2-trans-glucosides. Their structure was determined by physico-chemical methods of analysis.                
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Synthesis of N-glycozides Containing N=O Group
Modification of carbohydrates by various types of  organic compounds has recently played a significant role in the synthesis of new of biological and pharmacologically active compounds. 

Little has been published about carbohydrates containing nitrozo group. The application of glycosides for the modification of biologically active organic compounds, on the one hand, changes their biological and physiological action, and on the other, may reduce their toxicity.

The goal of present investigation consist in synthesis of N-glycosides containing nitrosogroup.

The reaction condensation of N-p-carboxyphenyl-(-D-gluco(galacto)pyranozilamine with N,N'-Dicyclohexylcarbodiimide in the prezenc of tetrahydrofuran and triethylamine was studied for the ferst time. By interaction of obtained N-acylureas with sodium nitrite corresponding nitrosoderivatives have been received:
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    The reaction of  N-p-tolyl -(-D-glucopyranoze (3) and   N-p-tolyl -(-D-galactopyranoze (4)   
with sodium nitrite corresponding nitrosoderivatives have been received (5,6).
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Reaction Mechanism and Quantum-Chemical Computation of Hydrosilylation Reaction of Allyl Glycosides

Synthesis of low-toxicity compound has become important in biological and pharmaco-logical studies, and so there is interest in using carbohydrates to modify linear and cyclolinear siloxanes, which may lead to a substantial change in the nature of the drug action.

We have studied the reaction of hydrosilylation of  1-O-allyl-2,3,4,6-tetra-O-acetyl-β-D-glu-copyranoses (1)  and 1-O-allyl-2,3,4,6-tetra-O-acetyl-β-D-galactopyranoses (2)   with  1,3-bis-(dimethylsilyl)-2,2,4,4-tetramethylcyclodisilazane (3) and 1,3-bis(diphenylsilyl)-2,2,4,4-tetraphenyl-cyclodisilazane (4).  The reaction was carried out in dry chloroform with a mole ratio of the reacting components equal to 2.5:1 at a temperature of 60-650 in the presence of the catalyst Co2(CO)8.
We obtained the corresponding 1,3-di[3-(2,3,4,6-tetra-O-acetyl-β-D-glucopyranosyloxy)-propyl-dimethylsilyl]-2,2,4,4-tetramethylcyclodisilazane (5), 1,3-di[3-(2,3,4,6-tetra-O-acetyl-β-D-galacto-pyranosyloxy)propyldimethylsilyl]-2,2,4,4-tetramethylcyclodisilazane (6), 1,3-di[3-(2,3,4,6-tetra-O-acetyl-β-D-glucopyranosyloxy)propyldiphenylsilyl]-2,2,4,4-tetraphenylcyclodi-si-lazane(7) and 1,3-di[3-(2,3,4,6-tetra-O-acetyl-β-D-galactopyranosyloxy)propyldiphenylsilyl]-2,2,4,4-tetraphenylcyc-lodisilazane (8). 
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The reaction mainly occurs according to Farmer,s rule, although a small amount of Markovnikov addition product is also formed.

The course of the reaction was monitored from the decrease in active hydrogen on the silicon over time. We have established that in 1.5 h, the hydrogen in (Si-H group is completely removed, which is supported by the IR spectrum.   

By deacetylation of compounds 5 and 7 in absolute methanol in the presence of sodium methoxide, we obtained 1,3-di[3-(β-D-glucopyranosyloxy)propyldimethylsilyl]-2,2,4,4-tetramethylcyclodisilazane  (9) and  1,3-di[3-(β-D-glucopyranosyloxy)propyldiphenylsilyl]-2,2,4,4-tetraphenylcyclodisilazane (10).
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The structures of obtained compounds were established by physical-chemical methods of analysis. PMR  spectra were recorded in CDCI3 on a Bruker WM-250  spectrometer (250 MHz) with TMS internal  standart.  13C NMR spectra were recorded on a Bruker AM-300 ( 75,5 MHz) in CDCI3. The optical rotation was  measured on an  SU-3 universal saccharimeter at 20±20C. IR spectra were obtained in KBr disk on a UR-20 spectrometer.  The purity of products and   Rf  values  were determined on Silufol UV-254.

Synthesis of S-C, S-Si and S-As bond-containing Glycosides

By condensation of 1-S-2,3,4,6-tetra-O-acetyl-β-D-gluco(galacto)pyranose (I,II) with triphenylchlorometane, trimethylchlorosilane, triphenylchlorosilane, dibutylchloroarsine and diphenylchloroarsine  at 30-500 with continuous mixing with the presence of triethylamine we have obtained 1-S- triphenylmetyl-2,3,4,6-tetra-O-acetyl-β-D-gluco(galacto)pyranose (III, IV), 1-S- trimetylsilyl-2,3,4,6-tetra-O-acetyl-β-D-gluco(galacto)pyranose (V, VI),   1-S- triphenylsilyl-2,3,4,6-tetra-O-acetyl-β-D-gluco(galacto)pyranose (VII, VIII),    1-S- dibutylarsinyl-2,3,4,6-tetra-O-acetyl-β-D-gluco(galacto)pyranose (IX, X)) and 1-S-diphenylarsinyl-2,3,4,6-tetra-O-acetyl-β-D-gluco(galacto)pyranose (XI, XII) in ether solution.    
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Synthesis of Se-C, Se-Si and Se-As bond-containing Glycosides
By condensation of 1-Se-2,3,4,6-tetra-O-acetyl-β-D-gluco(galacto)pyranose (I,II) with triphenylchlorometane, trimethylchlorosilane, triphenylchlorosilane, dibutylchloroarsine and diphenylchloroarsine  at 40-600 with continuous mixing with the presence of triethylamine we have obtained 1-Se- triphenylmetyl-2,3,4,6-tetra-O-acetyl-β-D-gluco(galacto)pyranose (III, IV), 1-Se- trimetylsilyl-2,3,4,6-tetra-O-acetyl-β-D-gluco(galacto)pyranose (V, VI),  1-Se- triphenyl-silyl-2,3,4,6-tetra-O-acetyl-β-D-gluco(galacto)pyranose (VII, VIII),   1-Se- dibutylarsinyl-2,3,4,6-tetra-O-acetyl-β-D-gluco(galacto)pyranose (IX, X)) and 1-Se-diphenylarsinyl-2,3,4,6-tetra-O-acetyl-β-D-gluco(galacto)pyranose (XI, XII) in ether solution.    
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To clarify the bactericidal properties of the compounds V, VII, IX and XI synthesized by us their effect was tested on the growth and development of certain microorganisms.

The synthesized compounds displayed   a selective effect on the growth and development of various microorganisms. Thus, at conc. = 1.0 g/liter compounds VII and XI possess high activity in relation to Actinomyces griseus (suppression zones 7.0 and 10.0 mm respectively).

Moderate activity in relation to Actinomyces streptomycini was detected for compounds V, IX and XI (suppression zone 4.0 mm). In relation to the phytopathogenic bacterium  Xanthomonas compestris  only compound  XI proved to be active, although the activity was low (suppression zone  2 mm). Compounds VII and XI, possessing high activity, contain phenyl groups in their molecules.
Effect of Compounds V, VII, IX and XI on the Growth and Development of Microorgamisms
	Test microorganism
	V
	VII
	IX
	XI
	Control

	
	Suppression zone of microorganism,  mm at conc.,  g/liter

	
	1.0
	0.1
	1.0
	0.1
	1.0
	0.1
	1.0
	0.1
	0,0

	Actinomyces griseus
	3.0
	2.0
	7.0
	4.0
	3.0
	1.0
	10.0
	7.0
	0.5

	Actinomyces streptomicine
	4.0
	1.5
	2.5
	3.5
	4.0
	1.5
	8.0
	4.5
	0.4

	Xanthomonas compestric
	1.5
	0
	1.5
	1.0
	0
	0
	5.0
	2.0
	0.1

	



The  result  of the investigation make it possible to show the biologically active groups in the compounds  investigated  and  to establish  a centrain  correlation  between structure and biological activity,   which  is  promising   for  the  purpose-directed   search  for  new  compounds  with  their biological properties  previously designed.  
  
New Agrobiotechnology
On the basis of many years of fundamental researches professor Ramaz Gakhokidze studied the ways of management of the vivid cell and worked out the innovative agrobioorganic technology, and revealed the new generation’s universal bioregulators (Biorag, Ematon, Ragocin, Ragil, Immunorag) – jbioenergyactivators having no analogues in the world. They make to gain biologically pure crop whithout any contamination of the environment – currently one of the most fundamental issues for rescuing the humanity.
New technology  enables: significant increase of cereals, vegetables and technical crops yield (in some cases – 2-3 times and more); sharp raise of quality indices of the crop; biologically pure harvest with sharp decrease of any fertilizers and pesticides which is necessary for babies nourishment; fast rootage of perennial crops cuttings and acceleration of their productivity with several years; avoid of extension of years; raising the skills of plants resistnace against the diseases, freeze and drought; increase of the weight and productivity of poultry and cattle and ensure their skills to resist to any illness.
Bioenergyactivators and the rural products received thanks to them have higher antimutagenic and anticytotoxic effect. They can reduce mutagenic and toxic violations caused by carcinogenic substances of the environment or by the pesticides and fertilizers; in this manner they significantly reduce the risk of development of any malignant tumour.

Innovative technology represents absolutely new type of the technology – agromedicinal technology, i.e. medicinal-prophylactic agriculture. It enables to begin the new green ”Bioorganic Revolution”.

New Agrobioorganic product invented by professor Mr. Ramaz Gakhokidze, with the usage of rural technologies will: 1) significantly strengthen the effectiveness of the agricultural chemicals photosynthetic apparatus, assimilation of water and nutrients from the environment; 2) sharply reduce negative influence of agricultural chemicals upon the environment. The product will not practically maintain any pesticide and fertilizers. All these will maximally increase potential capabilities of the agricultural chemicals and the area of their application.

Bioenergyactivators fundamentally changed the major principles of planting and agriculture:

a) The growth of the plants green mass dependance is inversely proportional to the yield productivity, but with the use of bioenergyactivators the productivity and quality of fruit as well as a green mass will be simultaneously raised, maiking in this manner significant contribution to the cattle food base management;

b) Extension of the productivity by the well-known methods is in inversely proportional to the ecological purity of the product; the yield increase in the modern intensive plant growing is usually accompanied with the adverse effect – worsening of its quality (application of too much chemicalization, genetic engineering ect.), but the usage of the bioenergyactivators significantly increase the yield at the expense of increase the content of proteins, vitamins, micro elements etc;
c) By the mean of bioenergyactivator the one-year as well as multi-year plant will be provided with the intensive growing and development capabilities;

d) By the mean of bioenergyactivators the plant develops not only strong and long system of braided roots but assimilation of water and nutrients form the soil is also intensified; thanks to the mentioned the fertilizers consuming norm is significantly reduced, more – bioenergyactivators strengthen the soil’s microbiological intensity and biogenic migration of chemical ubstances from the lower layers of the soil, consequently the soil cannot be the subject of any depletion but it gets fertilized after harvesting.

e) The experience and researches for many years show that following may be reached with the usage of bioenergyactivators; ecologically pure (with prophylactic-medicinal properties) crop of higher quality; vegetative propagation of toughly rooted perennials and acceleration of their development (to abridge ripening terms, to receive early harvest); sericulture recovery; revival of old varieties of precinctive vine; infectious-sensitive high quality lemon (ex.: ”Akhalkartuli” specie) plantations recovery; nut plantation breeding; significant increase of productivity and weight of poultry and cattle.

f) One of the significant results of the application of bioenergyactivator is the acceleration of development and increase in the size of total leaf surfaces of plants up to 500%, increase in chlorophyll level and strengthening of photosynthetic activity. With  the usageof bioenergyactivators on 1 million hectares, each year more than 30 million tons of carbon dioxide can be absorbed by green plants from the atmosphere.
The later researches show that the bioenergyactivators and the rural products received thanks to these activators have higher antimutagenic and anticytotoxic effect; in comparison with the famous preparations they can reduce mutagenic and toxic violations caused by carcinogenic substances of the environment or by the pesticides and fertilizers; in this manner they significantly reduce the risk of development of any malignant tumor.
Thus, bioenergyactivators created as a result of long years fundamental researches are multi-profile new biological preparation which induce maximal inactivation of the organism’s reserve mechanism and maximally reveal potential abilities of such organisms; Mr. Ramaz Gakhokidze invented absolutely new type of the technology – agromedicinal technology, i.e. medicinal-prophylactic agriculture (see: Cardiology and Internal Medicine, 2006, №3, 2012, №3).
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