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НАУЧНАЯ КОНФЕРЕНЦИЯ «ДИНАМИЧЕСКИЕ ПРОЦЕCСЫ В ХИМИИ  ЭЛЕМЕНТООРГАНИЧЕСКИХ СОЕДИНЕНИЙ»,  
ПОСВЯЩЕННАЯ 115-ЛЕТИЮ СО ДНЯ РОЖДЕНИЯ  АКАДЕМИКА Б.А. АРБУЗОВА

4 ноября 2018 года исполняется 115 
лет со дня рождения академика Бо-
риса Александровича Арбузова, вы-

дающегося российского химика-органи-
ка, внесшего огромный вклад в развитие 
современной физико-органической хи-
мии, химии природных и элементоорга-
нических соединений. Имя этого всемир-
но известного ученого золотыми буквами 
вписано в историю российской химиче-
ской науки.

Научная конференция с международ-
ным участием «Динамические процеcсы 
в химии элементоорганических соедине-
ний» посвящена памяти Бориса Алексан-
дровича Арбузова. 

Б. А. Арбузов родился в г. Ново-Алек-
сандрия (ныне г. Пулавы, Польша). Сын 

и ученик академика Александра Ерми-
нингельдовича Арбузова – основополож-
ника химии фосфорорганических сое-
динений, окончил Казанский институт 
сельского хозяйства и лесоводства. Рабо-
тал в Казанском ветеринарном институте, 
в Казанском химико-технологическом 
институте им. С. М. Кирова, в Казанском 
государственном университете им. В. И. 
Ульянова-Ленина. Борис Александрович 
Арбузов – организатор и первый дирек-
тор Института органической и физиче-
ской химии им. А. Е. Арбузова, создан-
ного в 1965 году на базе химического 
института и института органической 
химии Академии наук СССР.

Б. А. Арбузов – автор классических 
работ в области органической химии, 
химии гетероциклов и фосфоро г ниче-
ских соединений, химии природных сое-
динений – терпенов, и химии полимеров. 
Он предложил новый метод получения 
свободных радикалов трифенилметило-
вого ряда, расширил границы примене-
ния реакции Арбузова, изучил реакции 
трёхвалентного фосфора с широким кру-
гом органических соединений с соедине-
ниями бора, кремния и мышьяка. 

Особый аспект научного творчества 
учёного – применение физических и 
физико-химических методов в химиче-
ских исследованиях. Б. А. Арбузов – 
основоположник в СССР и один из пио-
неров мировых исследований тонких 
деталей пространственного строения 
(конформационного анализа) органиче-
ских и элементоорганических соедине-
ний.

В 1997 г. в память об академиках А. Е. 
и Б. А. Арбузовых учреждена Междуна-
родная Арбузовская премия в области 
фосфорорганической химии. 
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PYRIDYLAMIDO ZIRCONIUM AND HAFNIUM ALKYL COMPLEXES AS CATALYSTS 
FOR THE TANDEM CARBON DIOXIDE HYDROSILYLATION TO METHANE 

 
Giambastiani G.1, Luconi L.1, Rossin A.1, Yakhvarov D.2, Trifonov A.A.3, Gafurov Z.3, 

Lyubov D.D.2, Tuci G.1 

 
1 Institute of Chemistry of OrganoMetallic Compounds, ICCOM-CNR, Via Madonna del Piano, 10, 

50019 Sesto Fiorentino, (Florence), Italy. 
2 A.E.Arbuzov Institute of Organic and Physical Chemistry, Russian Academy of Sciences, Arbuzov 

str. 8, 420088 Kazan, Russian Federation 
3 G. A. Razuvaev Institute of Organometallic Chemistry of the Russian Academy of Sciences, 

603950 Nizhny Novgorod, Russian Federation 
giuliano.giambastiani@iccom.cnr.it 

 
The control of single-site catalysts performance through the design and synthesis of versatile 

organic ligands with tunable donor atom sets is a challenging goal for both organometallic and 
homogeneous catalysis communities. Following our interest in the chemistry and catalysis of highly 
electrophilic metal ions combined with amido-pyridinate based ligands,[1] we have recently 
investigated the structure and organometallic reactivity of a series of ZrIV/HfIV alkyl/amido 
complexes stabilized by a tridentate N-ligand containing a “rolling” benzoimidazole fragment. The 
ability of the latter to take part to the metal coordination sphere via an amidic or a pyridinic N-
donor tunes the electronic properties of the binding pocket and provides different coordination 
environments: from a tridentate 
monoanionic 3{N,N,N-} to a tridentate 
dianionic 3{N-,N,N-} donor atom set.  

The metal precursor choice [MIV(Bn)4 
vs. MIV(NMe2)4] is found to influence the 
final complex coordination sphere unveiling 
the occurrence of unexpected 
organometallic side-rearrangements. 
Selected alkyl species from this series have 
been successfully scrutinized for the tandem 
CO2 hydrosilylation to CH4 in combination 
with the strong Lewis acid B(C6F5)3 (as 
silane and complex activator) [2] and a 
variety of hydrosilanes (see Figure) [3]. 
Organometallic reactivity and catalytic 
outcomes of the synthesized complexes will 
be presented in details.  

References  
1. a). Giambastiani G., Luconi L , Trifonov A. et al. Chem. Eur. J., 2014, 20, 3487; b). Luconi 

L., Giambastiani G. et al. Inorg. Chem., 2010, 49, 6811; c). Luconi L., Giambastiani G. et al. 
Chem. Eur. J., 2012, 18, 671; d). Luconi L., Trifonov A., Giambastiani G. et al. 
Organometallics, 2014, 33, 7125; ). Luconi L., Trifonov A., Giambastiani G. et al. New J. 
Chem., 2017, 41, 540.  

2. Bontemps, S., Coord. Chem. Rev., 2016, 308, 117.  
3. Giambastiani G., Luconi L., Trifonov A., Yakhvarov D. et al. ChemCatChem, 2018, DOI: 

10.1002/cctc.201800077.  
 
  



5 
 

PHOSPHORUS-BASED O,C,O-COORDINATING PINCER-TYPE LIGANDS AND THEIR 
HYPERCOORDINATED ELEMENT DERIVATIVES: OVERVIEW AND OUTLOOK 

 
Jurkschat K. 

 
Technische Universität Dortmund, Fakultät für Chemie und Chemische Biologie, Lehrstuhl für 

Anorganische Chemie 2, D-44221 Dortmund, Germany 
klaus.jurkschat@tu-dortmund.de 

 
In continuation of our long-year interest in phosphorus-containing ligands and their main 

group element derivatives [1-5] the syntheses, structures, and reactivity of a variety of phosphorus-
containing donor ligands such as A - J is presented. 

 

 
 

These compounds can easily be lithiated and subsequently, via salt metathesis reactions, 
transferred into a variety of organometal derivatives. The compounds G and H show an interesting 
behaviour as chelate ligands towards metal halides.  

 
References 

1. Wagner M., Lutter M., Dietz C., Prosenc M.H., Jurkschat K. Eur. J. Inorg. Chem., 2015, 
2152–2158, and references cited therein. 

2. Gawron M., Dietz C., Lutter M., Duthie A., Jouikov V., Jurkschat K. Chem. Eur. J., 2015, 21, 
16609–16622. 

3. Dietz C., Jouikov V., Jurkschat K. Organometallics, 2013, 32, 5906–5917. 
4. Janssen B., Lutter M., Alnasr H., Krossing I., Jurkschat K. Chemistry Open, 2016, 5, 319–

324. 
5. Nayyar B., Koop S., Lutter M., Jurkschat K. Eur. J. Inorg. Chem., 2017, 3233–3238. 
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PHOSPHORUS HETEROCYCLES: DEVELOPMENT OF NEW FAMILIES OF 
COMPOUNDS 

 
Pirat J.-L.1, Bekro Y.-A.2, Burilov A.3, Matveeva V.3, Virieux D.1, 

Volle J.-N. 1 
 

1 AM2N, Institut Charles Gerhardt, UMR 5253, ENSCM, 8, rue de l’Ecole Normale, 34296 
Montpellier, France 

2 Laboratoire de Chimie Bio-Organique et de Substances Naturelles, UFR-SFA, Université Nangui 
Abrogoua, 02 BP 801 Abidjan 02, Côte d’Ivoire. 

3 Arbuzov Institute of Organic and Physical Chemistry, FRC Kazan Scientific Center of RAS, 
Arbuzov Str. 8,420088 Kazan, Russian Federation 

 
Phosphorus is an element proved to be decisive in the evolution of living systems. However if 

organisms mainly use phosphates as high energy molecules [1], the organophosphorus chemistry is 
an area that has expanded significantly over the past 40 years [2]. Through illustrations of 
biological activities and catalysis, the synthesis of cyclic phosphonates (phostones), analogues of 
pentafuranoses and deoxyribofuranoses [3], oxazaphosphinanes [4], oxaphosphinanes [5], 
phosphine oxide and phosphine, will be presented. 

 
References 

1. Ju K.S., Doroghazi J.R., Metcalf W.W. J. Ind. Microbiol. Biotechnol., 2014, 41, 345-356.  
2. Virieux D., Volle J.-N., Bakalara B., Pirat J.-L. Top. Curr. Chem., 2015, 360, 39-114.  
3. a) Dayde B., Prad S., Pierra C., Gosselin G., Surleraux D., Volle J.-N., Pirat J.-L., Virieux D. 

Org. Biomol. Chem., 2012, 10, 3448-3454; b) Dayde B., Benzaria S., Pierra C., Gosselin G., 
Surleraux D., Tidjani Ilagouma A., Laborde C., Volle J.-N., Virieux D., Pirat J.-L. Eur. J. 
Org. Chem., 2014, 1333- 1337; c) Dayde B., Pierra C., Gosselin G., Surleraux D., Tidjani 
Ilagouma A., Van der Lee A., Volle J.-N., Virieux D., Pirat J.-L., Tetrahedron Letters, 2014, 
55, 3706-3708; d) Dayde B., Pierra C., Gosselin G., Surleraux D., Tidjani Ilagouma A., Volle 
J.-N., Virieux D., Pirat J.-L. Tetrahedron Letters, 2014, 55, 6328-6330.  

4. a) Volle J.-N., Kaloyanov N., Saada M.C., Virieux D., Pirat J.-L. Tetrahedron Letters, 2007, 
48, 4695-4697. b) Volle J.-N., Filippini D., Krawczy B., Kaloyanov N., Van der Lee A., 
Maurice T., Pirat J.-L., Virieux D. Organic and Biomolecular Chemistry, 2010, 8, 1438-1444.  

5. a) Clarion L., Jacquard C., Fillipini D., Hirlemann M.-H., Sainte-Catherine O., Volle J.-N., 
Virieux D., Lecouvey M., Pirat J.-L., Bakalara N. J. Med. Chem. 2012, 55, 2196-2211; b) 
Clarion L., Jacquard C., Loiseau S., Sainte-Catherine O., Rolland M., Lecouvey M., Hugnot 
J., Volle J.-N., Virieux D., Pirat J.-L., Bakalara N. J. Med. Chem., 2014, 57, 8293-8306; c) 
Babouri R., Rolland M., Sainte-Catherine O., Kabouche Z., Lecouvey M., Bakalara N., Volle 
J.-N., Virieux D., Pirat, J.-L. Eur. J. Med. Chem., 2015, 104, 33-41; d) Babouri R., Clarion L., 
Rolland M, Van der Lee A., Kabouche Z., Volle J.-N., Virieux D., Pirat J.-L., accepted 
EurJOC 2017. 

The researches developed in the group AM2N are 
directed towards the synthesis of phosphorus biomolecules for 
pharmaceutical applications, such as anticancer, antiviral, 
antidepressant and neuroprotective drugs, as well as in 
agrochemical field (mainly fungicides and herbicides). In 
parallel, we are developing methodologies focused on 
multicomponent, organocatalytic, enantio- or 
diastereoselective approaches for the synthesis of organic 
molecules where the phosphorus element played a central role. 
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FROM TRANSITION METAL COORDINATED P4 TO ORGANOPHOSPHORUS 
COMPOUNDS 

 
Scheer M., Mueller J., Heinl S., Schwarzmaier Ch. 

 
Institute of Inorganic Chemistry University of Regensburg, Regensburg, Germany 

manfred.scheer@chemie.uni-regensburg.de 
 

The synthesis of organophosphorus products proceeds by non-sustainable processes via 
oxidation and substitution methods leading to huge amounts of waste as a result of a low atom 
efficiency. Therefore, the direct conversion of white phosphorus by a transition metal- mediated 
procedure is needed. The talk will discuss all the single steps starting from the fixation of P4 by 
transition metals [1, 2], the successive opening of the P-P bonds and the rearrangement and 
degradation of the P4 unit. Moreover, examples of the direct substitution of P4 with organic 
substituents will be shown (e.g. Figure 1, left) [3]. Furthermore, a butterfly-like P4 unit can be used 
as a ligand in coordination chemistry [4] as well as to form unprecedented homoleptic-like 
sandwich complexes by an unusual isomerization reaction (Figure 1, right) [5]. 

Fig. 1. Left: radical activation of P4; right: structure of a homoleptic cyclo-P4-containing 
sandwich complex of iron. 

 
References 

1. Heinl S., Peresypkina E., Timoshkin A. Y., Mastrorilli P., Gallo V., Scheer M. Angew. Chem. 
Int. Ed., 2013, 52, 10887. 

2. Spitzer F., Sierka M., Latronico M., Mastrorilli P., Virovets A.V., Scheer M. Angew. Chem. 
Int. Ed., 2015, 54, 4392. 

3. Heinl S., Reisinger S., Schwarzmaier C., Bodensteiner M., Scheer M. Angew. Chem. Int. Ed., 
2014, 53, 7639. 

4. Schwarzmaier C., Heinl S., Balázs G., Scheer M. Angew. Chem. Int. Ed., 2015, 54, 13116. 
5. Müller J., Heinl S., Schwarzmaier Ch., Balázs G., Keilwerth M., Meyer K., Scheer M. Angew. 

Chem. Int. Ed., 2017, 56, 7312. 
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METAL-MEDIATED ACTIVATION AND FUNCTIONALIZATION OF WHITE 
PHOSPHORUS 

 
Wolf R. 

 
Universität Regensburg, Institut für Anorganische Chemie 

 
Current methodology for the preparation of useful and valuable 

organophoshorus compounds relies on a multi-step wasteful procedure 
involving chlorinated intermediates such as PCl3. The development of direct 
P4 functionalization reactions is desirable. This lecture explores promising 
avenues for the metal-mediated activation and functionalization of white 
phosphorus. The synthesis of novel polyphosphido complexes is presented. 
Reactivity studies demonstrate the stepwise degradation of P4 as well as the 
synthesis of new phosphorus-rich molecules via P-P condensation. 
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PLURAL REACTIVITY OF METAL COMPLEXES OF REDOX-ACTIVE LIGANDS 
 

Fedushkin I.L. 
 

G.A. Razuvaev Institute of Organometallic Chemistry of Russian Academy of Sciences, 603137 
Nizhny Novgorod, Tropinina 49, Russia 

 
Redox-active ligands can substantially expand the reactivity of metal complexes, which can 

enable applications in catalysis. However, up to now, redox-active ligands were designed to 
construct complexes mainly just with transition metals, such as Ni, Co, and Fe, whose complexes 
with redox-active ligands may be alternatives for classical Pd, Pt, Rh, and Ru spectator ligand-based 
catalysts. Main-group metal complexes of redox-active ligands have also shown specific reactivity, 
but they have not yet been recognized as promising catalysts for organic synthesis. In the lecture a 
reactivity of group 2 and 13 metal complexes with redox-active 1,2-bis[(2,6-
diisopropylphenyl)imino]acenaphthene (dpp-bian) will be discussed. 

 
This work has been supported by the Russian Science Foundation (grant No. 14-13-01063). 
 

  



21 
 

MACROCYCLIC COPPER(I) AND SILVER(I) PYRAZOLATES: PRINCIPLES OF 
SUPRAMOLECULAR ASSEMBLIES WITH LEWIS BASES 

 
Shubina E.S., Titov A.A., Filippov O.A. 

 
A.N. Nesmeyanov Institute of Organoelement Compounds of Russian Academy of Sciences, Russia, 

119991, Moscow, Vavilova St. 28 
shu@ineos.ac.ru 

Complexes of coinage metal ions with fluorinated N-based ligands, in particular pyrazolates, 
and their chemistry has recently attracted strong attention because of their interesting luminescence 
properties, -acid/ -base chemistry and ability to form supramolecular aggregates through 
metallophilic d10-d10 closed-shell interactions. The trinuclear metal pyrazolates are studied most 
often due to their planar structure that determines their photophysical properties, which, in turn, 
depend on temperature and solvent.  

Here we discuss the host-guest complexes of the macrocyclic copper(I) and silver(I) 
pyrazolates and wide range of organometallic compounds possessing halide, carbonyl, phosphine 
and -electronic fragments [1-5]. The study in solution allows determining the site of interaction, 
the complexes compositions, their thermodynamic parameters and predicting the solid state 
supramolecular architecture.  

 

 
 

The competition between different basic sites of guest has been studied. Selective formation 
of complexes of trinuclear macrocycles with carbonyl and -ligands will be demonstrated. The 
influence of complexes formation and their crystal packing on photo-physical properties of the host 
macrocycles will be discussed. The perspective of using these complexes for creating new light-
emitting materials will be discussed. 

References 
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ELECTROCHEMICAL METHODS IN MODERN CHEMISTRY OF ORGANOELEMENT 
COMPOUNDS 

 
Yakhvarov D.G.1,2 

 
1 Arbuzov Institute of Organic and Physical Chemistry of Federal Research Center “Kazan 

Scientific Center of Russian Academy of Sciences”, Kazan, Russia 
2 Kazan Federal University, Kazan, Russia 

yakhvar@iopc.ru 
 

The creation and design of new molecules and materials bearing unique electrochemical, 
magnetic and catalytic properties are one of key research priorities of modern synthetic chemistry. 
The combination of synthetic electrochemical techniques and coordination chemistry can be 
considered as a new powerful tool in preparation of new types of mono- and polynuclear 
complexes, metal-organic frameworks (MOFs) and nanosized material bearing practically useful 
electrochemical, magnetic and catalytic properties. The mild conditions, single-stage process, cyclic 
regeneration of the electrochemical catalyst, and convenient and relatively inexpensive form of the 
energy used are main advantages of the electrochemical methods. 

Herein, we present our results obtained by using of the electrochemical techniques in 
application towards preparation and investigation of the properties of various types of 
organometallic [1,2] and organophosphorus species [3], including magnetically active dinuclear 
nickel [4] and cobalt [5] complexes and high reactive phosphine oxide H3PO which is very 
promising intermediate for synthetic phosphorus chemistry [6]. Recent examples of the 
electrochemical methods are represented by preparation and in situ observation by magnetic 
resonance of superparamagnetic cobalt, nickel and iron nanoparticles [7]. 
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NAPHTHALENE PROTON SPONGES AS CH-ACIDS: CH-BOND ACTIVATION VIA 
ORGANOMETALLIC REAGENTS AND FURTHER SYNTHETIC APPLICATION 

Antonov A.S., Bardakov V.G., Kachalkina S.G. 

Southern Federal University, Rostov-on-Don, Russian Federation 
344090, Russian Federation, Rostov-on-Don, Zorge 7 

asantonov@sfedu.ru 
 

While naphthalene proton sponges are widely known as organic superbases, they also 
demonstrate noticeable CH-acidity both from aromatic protons and NMe2 groups, which is of 
particular interest from a theoretical point of view and for practical applications. We have 
investigated lithiation of 1,8-bis(dimethylamino)naphthalene (DMAN) with Schlosser's superbase 
(n-BuLi–t-BuOK) in the presence of TMEDA in hexane. A variety of 3-substituted and 3,6-
disubstituted derivatives of DMAN has been prepared in a good to reasonable yield after quenching 
the reaction mass with different electrophiles (Scheme 1). A possibility of further functionalization 
of thus introduced meta-substituents to synthesize more complex 3-substituted derivatives of 
DMAN was also demonstrated. 

 
Scheme 1. 

It has been proven that the preferable in/in conformation of NMe2 groups provides the unique 
DMAN behavior towards metallation. First, it prevents the realization of the DOM-effect upon 
treatment with the n-BuLi–TMEDA mixture. Secondly, it sterically hinders the C2(7)-H bond from 
deprotonation by the bulky LICKOR. This hampering of ortho-lithiation allowed us to develop an 
effective technique for the meta-derivatization of 1,8-bis(dimethylamino)naphthalene, based on the 
selective metallation of DMAN in position 3(6) with a LICKOR–TMEDA reagent.  

On other hand, it was found that CH-bond ionization of the NMe2 group in 2-trifluoroacetyl- 
and 2-ethoxycarbonyl-DMANs via treatment with 2-lithium-DMAN leads to the formation of 
benzo[g]indole derivatives (Scheme 2). This novel approach was examined with different alkyl- and 
aryllithium compounds as well as with LDA.  

 

 
Scheme 2. 

It was found that aryllithium reagents bearing a NMe2 group in ortho-position to carbanionic 
center provides the best yield of indole. It was shown that 2-lithium-1,8-
bis(dimethylamino)naphthalene possesses extremely strong basicity (close to alkyllithium reagents) 
combined with remarkably low nucleophilicity.  
 

This work was supported by the Russian Foundation for Basic Research (project 16-33-
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BISPHOSPHORYLATED AMINOACETALS IN THE SYNTHESIS OF 
AZAHETEROCYCLES WITH BISPHOSPHONATE MOIETY 
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Bisphosphonates occupy a special niche in pharmacology and the design of functional 

materials. Due to their ability to inhibit bone resorption, they are widely used as drugs for the 
treatment of bone diseases such as osteoporosis, Paget's disease, osteomyelitis [1]. Particularly the 
development of methods for the synthesis of bisphosphonates having heterocyclic fragments in the 
structure is promising. 

In order to synthesize new bisphosphonates functionalized with azaheterocyclic fragments, 
we have developed methods for the synthesis of -, -, -aminoacetals, - -ureidoacetals containing 
bisphosphonate groups (1) and studied their reactions with polyphenols in acid media. 

 

 
As a result of our study we have developed a new efficient approach to the synthesis of 

bisphosphonates containing azaheterocyclic framework unavailable by other methods, namely 
imidazolidine-2-ones 2, tetrahydropyrimidinine-2-ones 3, pyrrolidines 4. The target products are 
formed as a result of simultaneous intramolecular cyclization and the formation of C-C (carbon-
carbon) bond with the external nucleophile under mild conditions with high yields. 
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      , [(dpp-
bian)Ga–Ga(dpp-bian)],  -   dpp-bian = 1,2- [(2,6- - -

) ] .    -  (   
    – ) [1, 2],     (IV) [2], 
     [3]  -  

 ( . 1) [4]. 

 
. 1.   [(dpp-bian)Ga–Ga(dpp-bian)]  AllX (X=Cl,Br,NCS)  SO2 
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CHIRAL PHOSPHOLES: SYNTHESIS, PROPERTIES AND APPLICATIONS 
 

ZagidullinA.A.1, Oshchepkova E.S.1, Burganov T.I.1, Miluykov V.A.1, Katsyuba S.A.1, 
Sinyashin O.G.1, LonneckeP.2, Hey-Hawkins E.2 

 
1A.E. Arbuzov Institute of Organic and Physical Chemistry, Kazan, Russia  

2 Universität Leipzig, Fakultät für Chemie und Mineralogie, Leipzig, Germany 
zagidullin@iopc.ru  

 
The five-membered phospholes exhibit unique properties different from the other five-

membered S, N, O, C-heterocycles making them as an interesting building block for the 
construction of systems having specific properties, such as stimuly-dependent luminescence, liquid 
crystallinity, electrochromism, supramolecular self-assembly and gel properties etc. Introduction of 
chiral substituents provides additional functionality as asymmetric induction in catalysis, formation 
of chiral nematic liquid crystals, coordination-driven supramolecular assemblies and others [1]. 
Herein, we report on the synthesis and properties (coordination and cycloaddition chemistry) of 
new 1-mono-, 1,2-di- and 1,2,4-triphosholes with chiral P-substituents. 

 

 
A rational and highly efficient method to access lithium 2,3,4,5-tetraphenylphospholide 

directly from white phosphorus, diphenylacetylene and lithium have been developed. This novel 
convenient synthetic route has allowed an incorporation of various chiral substituents in 2,3,4,5-
tetraarylphospholes. The novel chiral monophosphole derivatives demonstrate luminescent 
properties and may find applications in the field of luminescent chiral recognition [2]. 

We have examined asymmetric [4+2] cycloaddition reactions of (a) chiral 1-alkyl-1,2-
diphospholes with non-chiral dienophiles as well as (b) non-chiral 1-alkyl-1,2-diphospholes with 
chiral dienophile. Using a chiral auxiliary, enantiotopic faces can be converted into diastereotopic 
faces, which thus allows a one-step stereoselective synthesis of bulky P-chiral tricyclic phosphines 
[3]. The enantiopure P-chiral tricyclic phosphines show high activity and moderate 
enantioselectivity as ligands in Pd-catalyzed asymmetric allylic alkylation (ee = 25-45 %) and as 
catalysts in organocatalytic [3+2] annelation of allenes and activated alkenes (ee = 68 %) [4].  

Furthermore the chiral phospholes with two or three phosphorus atoms were synthetized. In 
W(CO)5L complexes of these heterocycles W-atom is coordinated exclusively by the dicoordinated 
phosphorus atom P2. Optical properties of chiral 1,2-di- and 1,2,4-triphospholes and their tungsten 
complexes with (+)-neomenthyl substituent were comprehensively studied [5].  

References 
1. a). Duffy M. P. et al., Chem. Soc. Rev., 2016, 45, 5296-5310.; b). Zagidullin A. et al., Mend. 

Commun., 2013, 23, 117-130. 
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3. a). Zagidullin A. et al., Eur. J. Org. Chem. 2015, 24, 5326-5329.; b). Oshchepkova E. et al., 

Phosphorus, Sulfur Silicon Relat. Elem., 2016, 191, 1530-1532. 
4. Zagidullin A. et al., Catalysis Today, 2017, 279, 142-146. 
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        P(IV) RP(O)(OMe)2 1  
 ArCHHlg2 2,     ArCHO  

  P(IV) [R(MeO)P(O)]2 3  [RP(O)O]3 4 [1].  
  , -  P(O)(OMe)2 1   

 (MeO)3P=O 1   1,4- ( )  5  170-180°   
       6  4-

( )  7 [2].      
.          

     : AlCl3, FeCl3  ZnCl2.   
 ZnCl2      180°   130°    

    8  3-4 . 
 ,        

sp3 – Hlg  ,          
    -   ( ). 

     8,   
       . 

  9      - , 
     10 
 5,     (130° )    7  
 11    11 . ,     

1,     P(IV) 3  4. 

4-Br2CHC6H4CHBr2 + ZnCl2               4-Br2CHC6H4CH(Br) Br ZnCl2

4-Br2CHC6H4CHBr BrZnCl2
RP(O)(OMe)2

4-Br2CHC6H4CH(Br)OP(OMe)2R BrZnCl2 -(MeBr + ZnCl2)

8

9

4-Br2CHC6H4CH(Br)OP(O)(OMe)R                4-Br2CHC6H4CHO + R(MeO)P(O)Br
10                                                         7                          11 ,

5
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DINAMIC PROCESSES IN SOLUTIONS OF DIAZADIPHOSPHAPENTALENES AND 
THEIR DERIVATIVES 
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3a,6a-Diaza-1,4-diphosphapentalene (DDP, 1), containing easily polarizable 10 -electron 

aromatic system, exists in solution together with its oligomeric forms. One of them – tetramer 2 was 
separated and characterized by X-ray analysis. 
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2  
In solution under UV irradiation tetramer 2 returns to DDP quantitatively. 3a,6a-Diaza-1,4-

diphosphapentalenes having substituents at phosphorus atoms (Cl, SR, SeR, NR2) demonstrate 
equilibrium between 1,4- and 1,1-isomeric forms:  
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ClCl

50:50

 
1,1-Isomers have non-covalent N-P interaction leading to the hypervalent phosphorus atom 

with disphenoidal geometry.  
The mixture of DDP and its dichloroderivative gives dark-violet thin film showing a very 

broad absorption band in the range of 800 1100 nm corresponding to the formation of conjugated 
associates with intermolecular interaction combining -stacking and N-P-hypervalent bonding 
between neighboring blocks:  
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TOWARD RELIABLE ACCESS TO CYCLOPENTENE RING CIS-C(11)-LOCKED 
RETINAL: SYNTHESIS OF CONJUGATED DIENES AND TRIENES THROUGH 

RETRO-MICHAEL-TYPE VINYLOGOUS DEHYDROSULFINYLATION 

Korshin E.E.1, Trifonov L.1, Viskind O.1, Afri M.1, Palczewski K.2, Gruzman A.1 
1 Department of Chemistry, Bar-Ilan University, Ramat-Gan, Israel. 

2 Department of Pharmacology, Case Western Reserve University, Cleveland, OH, USA. 
edward.korshin@biu.ac.il; edward.korshin@gmail.com 

The visual pigment rhodopsin consists of 11-cis-retinal (I) bound via a protonated aldimine 
linkage to the -amino group of Lys296, present in the -helice G of the seven membered 
transmembrane GPCR-proteins. The key events in the visual transduction include 
photoisomerization of the bound 11-cis-retinal I to all-trans-retinal II (Scheme 1) followed by the 
protein conformation changes. That leads to the activation of the GPCR-protein and resulted in 
vision. 

9
11

13
7

61

Protonated Schiff base
of 11-cis retinal (I)

9 117
61

Protonated Schiff base
of 11-trans retinal (II)

13
N

HVisible light

GPCR

N
GPCR

H

C(11)=C(12) bond
isomerization

Scheme 1

 
 
Various ring-locked analogues of 11-cis-retinal are intensively studied for further elucidation 

of the vision processes as well as for possible treatment and prevention of retina degeneration 
diseases. However, all these ring-locked retinals are hardly available through tedious multistep 
syntheses which are highly particular for each member of the family. Up to date, the most 
structurally related to the native 11-cis-retinal (I) but the least synthetically accessible 5-membered 
ring-locked retinal 1 with completely planar conjugated chromophore remains only scarcely 
explored. 

The current project is directed toward elaboration of the reliable and more experimentally 
feasible approaches to 11-cis-retinals locked by 5 to 8 carbocyclic rings. Our retrosynthetic analysis 
of the 5-membered retinal analogue 1 is shown in Scheme 2. In the report, the advancements in the 
synthesis of retinal 1 through sequential vinylogous Wittig, Horner-Woodworth-Emmons (HWE) 
and dehydrosulfinylative olefinations will be discussed. The failures in the couplings using Wittig, 
HWE and Julia-Kocienski olefinations will be also mentioned. The preparation of the shown in 
Scheme 2 building blocks 2-7 will be disclosed as well. 
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SYNTHESIS, STRUCTURES AND STEREODYNAMIC BEHAVIOUR OF NOVEL 
PENTACOORDIANTED (O Si)-CHELATE DERIVATIVES OF AMIDES AND IMIDESA 

 
Negrebetsky Vad.V.1, Kramarova E.P.1, Shipov A.G.1, Korlyukov A.A.1, Baukov Yu.I. 

 
Department of Chemistry, N. I. Pirogov Russian National Research Medical University, 

Ostrovityanov St. 1, Moscow 117997, Russian Federation; 
negrebetsky1@rsmu.ru. 

Compounds of hypercoordinate silicon continue to attract attention due to their unusual 
structural features, increased reactivity, biological activity and stereochemical nonrigidity in 
solution. [1-4] The structures and stereodynamic behavior of (O Si)-chelate methyldifluorosilanes 
in solutions were studied by multinuclear (1H, 13C, 19F, 29Si) and 2D (COSY, HETCOR 1H, 13C) 
NMR spectroscopy. The range of studied complexes included amides RC(O)N(R')CH2SiMeF2 [R = 
Ph, R' = H (1a); R = R' = Me (1b); R = Me, R' = CHMePh (1c)], lactams LCH2SiMeF2 (L = 2-
oxoazepan-1-yl (2a), 2,2-dimethyl-4-oxo-2H-benzo[1,3]oxazin-3-yl (2b) or 4-methyl-2-
oxoquinolin-1-yl (2c)] and the six-membered imide Im6CH2 [2,6-dioxopiperidin-1-yl (3)]. The 
pentacoordination of silicon atoms in all studied compounds was confirmed by NMR study in 
solutions and single-crystal X-ray studies of complexes 1c, 2a, 2c and 3.  

The temperature dependency observed for 19F NMR signals in solution was explained by the 
ligand exchange in the coordination environment of silicon atoms (permutational isomerization) and 
used for determining the activation parameters of this process by 19F DNMR.  

Quantum-chemical calculations (Gaussian 03W software, hybrid PBE0 functional and 6-
311G(d,p)) for various isomers of complexes 1c, 2a, 2c and 3 suggested the "turnstile rotation" as 
the most likely mechanism for the observed stereodynamic processes. 
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THERMOCHEMISTRY OF ARBUSOV, PUDOVIK AND KUCHTIN-RAMIREZ 
REACTIONS 

Ovchinnikov V.V. 

Kazan national research technical university named after A.N. Tupolev KNITU-KAI, Kazan, 
Russia, 42011, K.Marx, 10, 

chem_vvo@mail.ru 
 

The Arbusov reaction is one from famous and wide spreading reactions in organophosphorus 
chemistry. However, necessary to note that Pudovik reaction and Kuchtin-Ramirez [1+4]-
cycloaddition process have the high importance in this domain also. The study of kinetics and 
stereochemistry of these processes is an important base for the development of theory nucleophilic 
substitution, addition and cycloaddition at phosphorus atom. The thermochemical researches of 
these processes must to add and make a full picture for the theory together with kinetics 
investigations. Thermochemistry of non-classic A.E. Arbusov, electrophilic A.N. Pudovik reactions 
and cycloaddition phosphite-diketone Kuchtin-Ramirez-process was done earlier, but not 
represented together [1-3] (schemes of reactions are given in Table 1). 

The values of the heats of solvation of reagents and products of the mentioned above 
processes give a possibility to transform the experimental measured heat of reaction in condensed 
state in gas phase, what corresponds to thermodynamic Born-Haber cycle for monomolecular 
process i i (Table 1). 

Table 1. The heats (kJ mol-1) of A.E. Arbusov, A.N. Pudovik and Kuchtin-Ramirez reactions. 
Compounds reactHo 

xylene gas phase 
Non-classic A.E. Arbusov reaction 

(EtO)2PSSH 113.0 115.4  2.8 
O

O
PSSH

 
 

119.7 
 

118.4  2.5 
O

O
PSSH

 
128.0 129.3  3.0 

Electrophylic A.N. Pudovik reaction 
RO P(O)H2 + 2(MORPH)CH=CHMe RO P(O)C(MORPH)CH Me2 2 2  
(EtO)2P(O)H 25.2 34.9  2.5 

O

O
P(O)H

 
26.4 39.0  2.0 

O

O
P(O)H

 
67.0 79.3  3.5 

Kuchtin-Ramirez reaction 
P (RO) P

Ph

Ph

O

O

3PhC(O)-C(O)Ph + (RO)3
||

 
(EtO)3P 72.4 77.1  2.0 

O

O
POEt

 
64.0 75.5  2.5 

O

O
POEt

 
40.2 55.0  2.7 
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Molecular switches are molecules or supramolecular complexes having bistability, i.e., the 

ability to exist in two or more stable forms, among which may be reversible transitions under 
external influence. The design and the study of molecules capable of performing mechanical 
movement is an important problem of modern chemistry. The bis(dicarbollide) complexes of 
transition metals [3,3’-M(1,2-C2B9H11)2]n- were proposed as suitable stable organometallic units for 
design of molecular switches [1]. The control over the ligand rotation in these complexes can be 
reached by introducing substituents which could provide stabilization of certain rotamers due to 
week interactions between the ligands, on the one hand, and which can participate as Lewis bases in 
complex formation with external metals resulting in a change in the rotation angle of the ligands, on 
the other hand. A series of isomeric iron and cobalt bis(dicarbollide) complexes [X,Y-(MeS)2-3,3’-
Co(1,2-C2B9H10)2]- were prepared using the corresponding methylsulfanyl or dimethylsulfonium 
derivatives of nido-carborane [2,3]. 

For the 8,8 - and 4,4 -isomers transoid and gauche conformations are stabilized by two pairs 
of intramolecular CHcarb···S hydrogen bonds, whereas for the 4,7 -isomers gauche conformation is 
stabilized by one pair of the CHcarb…S bonds (Figure 1). Complexation of the methylsulfanyl 
derivatives with various labile transition metal complexes will be discussed. 

Fig. 1. Stabilization of rotational conformers through intramolecular hydrogen bonding. 
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DYNAMIC COUPLING OF BORONIC ACIDS WITH TRIOLS: A NEW CHEMICAL-
STIMULI-CONTROLLABLE “CLICK-DECLICK” REACTION 
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The click chemistry concept since its introduction in 2001 has become the most eminent 
strategy for a covalent linkage of two or more modular units to form a single structure [1]. 
However, for some certain tasks related to material science and biology it is important not only to 
connect the functional units, but also to be able to disconnect those after the conjugate has served its 
role. For this purpose, reversible click chemistry is needed. In this approach, functional units are 
temporary connected to each other through a covalent linker, which can be cleaved (“declicked”) 
under certain conditions (in a controllable manner) recovering the initial components. The 
“click/declick” strategy has a great potential for creating new drug delivery systems, biodegradable 
polymers and adaptive (smart) materials [2].  

 
In the presentation we demonstrate that click-like condensation of boronic acids with 

specifically designed azaadamantane-based triols (boronate-triol coupling) produces stable 
diamantane adducts in aqueous medium. The latter can be controllably cleaved to initial 
components under acidic conditions or by using boric acid as a chemical trigger. This novel “click-
declick” strategy allows to create temporary covalent connections between two or more modular 
units that was demonstrated by the synthesis of new fluorescent-labeled biomolecules, cleavable 
supramolecular assemblies, functionally modified polymers, new boronic acid scavenger resins, 
solid-supported organocatalysts and dynamic combinatorial libraries of compounds [3]. 
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Synthesis of N,N'-alkylidenebiscarbamates and their study in reaction with various 

hydrophosphoryl compounds, as well as their isolation as stable intermediates of three-component 
carbamate version of Kabachnik-Fields reaction, allowed the development of universal method for 
the construction of aminophosphoryl function with preservation of protecting groups on a nitrogen 
atom [1-8]. It was also shown earlier that when processing reaction mass in the carbamate 
Kabachnik-Fields version with alcohols, monoesters of N-protected a-aminophosphonic acids were 
obtained [7]. 

In this paper, we developed a two-component "double" amidoalkylation procedure for 
hydrophosphoryl compounds involving N,N'-alkylidenebiscarbamates and hypophosphorous acid 
followed by treatment with various alcohols (Scheme 1). The proposed procedure allowed 
amidoalkylation of hypophosphorous acid to yield P,N-protected bis( -amino)phosphinic acids. 
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Scheme 1. Preparation of P- and N-protected bis(a-amino)phosphinic acids 
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Phospholes (5-membered phosphorus-containing heterocycles) are the most well studied P-

heteroles to date. Their photophysical properties have been carefully studied in the great number of 
works (see for example [1-4] and references therein) revealing them as efficient luminescent 
chromophores. Selected phospholes emitting light in the visible spectral region have been used as 
active layers in applications of organic electronics, namely, as non-linear optical materials and 
organic light-emitting diodes. At the same time there are only a few reports on the calculations of 
photophysical properties of the ground state of phospholes with the use of time-dependent DFT 
(TD-DFT) approach, while the excited states have not been treated theoretically.  

 

 
Fig. 1. Structural formulas of considered phospholes 

 
Herein we demonstrate as TD-DFT calculations with the use of hybrid PBE0 functional and 

def-TZVP Alrich’s basis set provide an excellent cost-effective computational approach for the 
treatment of the excited states of phospholes (Figure 1). The general geometrical changes taking 
place upon excitation and bearing a common character in the series of considered compounds have 
been established. It has been demonstrated that conjugation of P-heterole with exocyclic aryl 
fragments makes the main impact on the ground-state (electronic absorption) properties of the 
considered systems. The main structural transformations of the excited states responsible for 
emission properties are shown to occur mostly inside the P-hetorole ring causing change in bonds 
ordering upon excitation.  

The general good agreement between the experiments and the calculations found for the 
considered systems suggests that the applied theoretical approach can be used as an effective 
predictive tool for the rational design of luminescent phospholes.  
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At the present time, a sufficient number of complex and multistage methods for synthesis of 
symmetric bis ( -aminoalkyl) phosphinic acids, which are potential inhibitors of HIV-1 protease, 
have been described in literature [1-6]. 

In present study, we used data from studies of a three-component carbamate version of 
Kabachnik-Fields reaction conducted earlier in our laboratory [8-10] to create a convenient single-
step procedure for «double» amidoalkylation of hydrophosphoryl compounds using the example of 
hypophosphorous acid [10]. As a result, we succeeded in obtaining and isolating a number of 
symmetric N-protected bis ( -aminoalkyl) phosphinic acids with various hydrocarbon radicals R 
and protecting groups on nitrogen atom Alk (Scheme 1), and also suggest a possible mechanism for 
the reaction of "double" amidoalkylation of hydrophosphoryl compounds.  
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Scheme 1. "Double" amidoalkylation of hypophosphorous acid 
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CLICK APPROACH TO THE NOVEL THIOPHOSPHORYLATED LIGANDS  
FOR ELECTROCHEMICAL HYDROGEN EVOLUTION REACTION 

 
Knyazeva I.R., Matveeva V.I., Khrizanforova V.V., Syakaev V.V.,  

Budnikova Yu.H., Burilov A.R. 
 

Arbuzov Institute of Organic and Physical Chemistry, FRC Kazan Scientific Center of RAS 
Arbuzov str. 8, Kazan,420088 Russian Federation 

ihazieva@mail.ru 
 

A modification of free hydroxyl groups of the previously prepared thiophosphorylated 
calix[4]resorcinols 1 [1] with propargyl bromide resulted in the new derivatives 2 containing 8 
terminal alkyne groups. Subsequent click-reaction (namely, Cu-catalyzed azide-alkyne 
cycloaddition) of these compounds with benzyl azide or 9-(azidomethyl)anthracene led to the 
formation of novel phenyl- or anthracene-ended triazol-containing thiophosphorylated 
calix[4]resorcinols 3 in high yields (Scheme 1). 

Scheme 1. 
 

We previously reported that the nickel complexes of thiophosphorylated calix[4]resorcinols 
including compounds 1 are effective catalysts of electrochemical hydrogen generation [2]. It was 
found, that the introduction of triazole-contaning fragments in thiophosphorylated 
calix[4]resorcinol scaffold via proposed click-approach facilitates the reduction of their complexes 
at nickel center and also provides catalytic hydrogen evolution at more positive potentials (as 
compared to the potential of unmodified compound 1). The energy gap between direct acid 
reduction potential on GC electrode and catalytic potential of compound 3 is 0.95 V (vs. 1.10 V for 
calix[4]resorcinol 1). 
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SYNTHESIS OF DITHIOCARBAMATES OF HETEROCYCLIC AMINES 
 

Mukanova M.S.1, Sycheva Ye.S.1, Asylkhanov Zh.S.2, Yerzhanov K.B.1  
 

1A.B. Bekturov Institute of chemical sciences, Almaty, Kazakhstan 
050010, Republic of Kazakhstan, Almaty, Sh. Ualikhanov str., 106 
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Al-Farabi Kazakh National University, Almaty, Kazakhstan 
050012, Republic of Kazakhstan, Almaty, Karasai batyr str., 95  

chem_mukan@mail.ru  
 

One of the attractive classes of organic sulfur compounds are dithiocarbamates and their 
derivatives. Dithiocarbamates have a broad spectrum of biological activity and practical application 
in various fields of activity. As flotoreagents-collectors, dithiocarbamates are used in the 
enrichment of non-ferrous sulfide ores, as vulcanizing agents in the production of rubber. In 
analytical chemistry dithiocarbamates are known as extractants for the separation and quantitative 
determination of metals. Dithiocarbamates having radioprotective and antibacterial action find 
application in medicine. In agriculture, dithiocarbamates are known as effective fungicides and 
pesticides.  

In view of the prospects of the class of sulfur compounds purpose of our research was the 
creation of new biologically active dithiocarbamates based on natural heterocyclic amines. As the 
starting heterocyclic amines, indole and adenine are taken, which are the basis of natural 
phytohormones of the auxin and cytokinine series, as well as the anabasine alkaloid. It is known 
that natural phytohormones are highly effective natural plant growth stimulants, and anabasine 
sulfate is used as an insecticide for spraying fruit and vegetable crops. 

In this connection, the synthesis of dithiocarbamates based on indole, adenine and anabasine 
with the aim of developing of new plant growth regulators is promising. 

The conditions of the synthesis of potassium (sodium) dithiocarbamates based on indole, 
adenine and anabasine have been developed. Synthesis of dithiocarbamates was carried out by 
reacting of heterocyclic amines with carbon disulphide in ethyl alcohol in the presence of potassium 
(sodium) hydroxide.  

 
 

Structures of the synthesized compounds were established based on 1H and 13C NMR 
spectroscopic data. 

The work was carried out with financial support of the Science Committee of the Ministry of 
Education and Science of the Republic of Kazakhstan within the framework of the scientific and 
technical program  BR05236420 ««Green» technologies based on supercritical media». 
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The int r st of substanc s with st r og nic phosphorus atom has xpanded from studies about 

phosphorus ster ochemistry to the pr paration of optically pure P-ster ogenic substances as ligands 
in transition metal homogeneous catalysis, which eventually fell away because of the synthetic 
difficulties encountered [1, 2]. Moreover, rigid, cage phosphines found to be efficient ligands in 
asymmetric reactions. Thus, a way to prepare enantiopure tricyclic phosphines via cycloaddition 
reaction of chiral phospholes has been investigated. Phospholes possess unique electron structure 
because of low coordinated phosphorus atom.  

Lithium monophosphacyclopentadienide was obtained via one-pot synthesis directly from 
white phosphorus, diphenylacetylene and lithium [3]. P-C bond formation directly from elemental 
phosphorus and organic substrate is preferable method leading to organophosphorus compounds. 
This new privilege preparative way allow to obtain phosphorus heterocycle using mild conditions, 
two step one-pot reaction and reaction products isolation simplicity. This novel convenient 
synthetic route has allowed an incorporation of various chiral and achiral substituents in 2,3,4,5-
tetraaryl-1-mono-phospholes. The monophospholes easily undergo oxidation and sulfurization of 
phosphorus atom, what makes it more reactive in cycloaddition reactions giving enantiopure 
tricyclic phosphanorbornenes. 

 

 
 

New chiral monophosphole derivatives demonstrate luminescent properties and may find 
applications in the field of luminescent chiral recognition. Furthermore, these monophospholes have 
been tested as ligands in Pd-catalysed allylic alkylation reaction of racemic 1,3-diphenylallilacetate 
with dimethylmalonate and amination of 1,3-diphenylallylacetate by pyrrolidine. 
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At the present time Schiff base complexes of the transition metals have been attracted 

extensive attention of scientists because of their wide variety. In addition, many Schiff base 
complexes of metal ions show high catalytic activity in different reactions. 

In this abstract, we report the methods of the synthesis of two macrocyclic complexes: 
dinuclear iron complex and coupled dimeric dodecanuclear iron complex, as well as the study of 
their catalytic activity.  

The dinuclear iron complex (Fig. 1) was prepared from a Schiff base by condensation reaction 
[1]. A ligand 2,6-diformyl-4-(t-Bu)-phenol and 1,3-diaminopropane in the presence of the iron 
nitrate (III), were reacted at reflux in dry methanol. And the dimeric dodecanuclear iron complex 
(Figure 1) was derived by reaction under the same conditions between 2,6-diformyl-4-(t-Bu)-phenol 
and 1,3-diamino-2-hydroxypropane in the presence of the iron salt, boric acid and triethylamine 
(TEA) [2]. 

The structure of the complexes confirmed and characterized by spectroscopic methods of 
analysis (1H NMR-, IR- and UV-vis spectroscopy).  

        
Fig. 1. Structures of dinuclear iron complex (left) and dodecanuclear iron complex (right) 

For activity test two catalysts were prepared based on the iron complexes (cat-1-Fe-CNT from 
the dinuclear iron coplex and cat-2-Fe-CNT from the dodecanuclear iron complex) by method 
impregnation on the multi-walled carbon nanotubes (CNT). The total metal loading was ~5 wt. % 
Fe. The catalysts characterization was by the method X-ray diffraction patterns (XRD) and the 57Fe 
Mössbauer spectroscopy.  

Catalytic activity was tested in the condition of Fischer–Tropsch reaction [3]. The catalytic 
test was performed in a fixed-bed reactor at 10 bar, at 350 °C with syngas (H2/CO = 1), GHSV = 
8,7 L h-1 g-1. 

Results from the catalytic data for the catalysts (cat-1-Fe-CNT and cat-2-Fe-CNT): CO 
conversion for the both catalysts is fairly high, 30 % and 60 % accordingly. Methane, C2-C4 light 
olefins, C5+ hydrocarbons, carbon dioxide and water were the products of syngas conversion over 
the iron catalysts. 
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 Ni(II)-Catalyzed asymmetric Michael addition of -keto phosphonates 1 to a variety of 
nitroalkenes 2 has been developed. The effects of ligand structure and solvent on the reaction are 
described. Ni(II)-bis[(1R,2R)-N,N´-dibenzylcyclohexane-1,2-diamine]Br2 was found to be an 
effective catalyst for this reaction. The corresponding adducts 3 were obtained in the presence of 
this complex in good yields with excellent enantioselectivity (upto 99 % ee). Absolute 
configuration of reaction products were determined by X-ray diffraction. 
 

 
 
 A highly stereoselective Henry-hemiacetalization cascade reaction of keto nitrophosphonates 
3 with aldehydes leads to chiral phosphorylated tetrahydropyrans 4: 
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 The platinum (II) complex with bidentate hydrophosphoryl ligand and a third phosphine 
oxide ligand 1 (see fig.1) is widely used as an active catalyst for the hydrolysis of nitriles to amides. 
The proposed reaction mechanism involves the formation of a cationic species as a preliminary step 
of the reaction [1]. It is suggested that on coordination to the cation the nitrile becomes susceptible 
to nucleophilic attack.  

 

 
Fig. 1. Formation of active cationic complex after hydride ligand cleavage 

 
 It was found by using the high-level quantum chemistry calculations that the formation of 

the cationic complex 3 is the only way to achieve the nitrile coordination. There is no stable 
pyramidal-like structure to coordinate nitrile without prior cleavage of anionic hydride ligand, so 
there can not be the pyramidal – square planar swapping mechanism which has been found for the 
ethylene hydroformylation reaction with this type of catalyst [2]. Quantum chemical calculations of 
the reaction profiles have been carried out by using density functional theory at the BP86/def2-
TZVPP level. Hydrolysis starting from the hydride precursor 1 is entropy controlled process. The 
formation of 2 is slightly endothermic by 2.3 kcal mol-1. S could be water or nitrile complex after 
the first turnover of catalytic cycles. The water ligand cleavage requires 17.9 kcal mol-1 and the 
CH3CN addition (4) is exothermic by 27.3 kcal mol-1.  
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[L2CuCl2] (4) - H2O2 60 0,5 100 14 
[L2CuCl2] (4) - H2O2 60 1,5 100 98 
CuCl2 [4] - H2O2 80 1.5 82 71 
[L2CuCl2] (4) TEMPO 2( .) 80 1,5 100 16 
[L2CuCl2] (4) TEM  2( .) 80 2 100 93 
[5] TEMPO 2( .) 80 5 >99.9 97 
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Chiral alcohols are important building blocks for many classes of compounds and materials. 
Hydrosilylation of prochiral ketones is a valuable synthetic method owing to a number of 
advantages such as mild reaction conditions, use of relatively safe reagents, and direct synthesis of 
silylated (protected) alcohols. However most of the existing catalytic systems are based on organic 
ligands requiring laborious syntheses that increase their costs and undermine availability [1].  

In order to address this problem and improve the availability of catalytic systems we used a 
“chiral pool” approach for the synthesis of chiral ligands in a few simple steps starting from readily 
available natural chiral compounds – mono- and bicyclic terpenes. 

We synthesized a number of chiral thiolate and sulfide ligands and metal complexes for new 
rhodium-based catalytic systems and studied their efficiency in hydrosilylation of acetophenone as 
a model reaction. In addition to activity, chemo- and enantioselectivity, we investigated the 
influence of the catalytic systems on formation of 1,1,3,3-tetraphenyldisiloxane – a competitive 
process during hydrosilylation [2].  

O

SH

SH
SR

R = Bn, Bu, Hex

, ,

+               or

[Rh(cod)Cl]2

[Rh(CO)2Cl]2

 
Among the thiolate systems [Rh(CO)2Cl]2 with camphorthiol added in situ showed the highest 

chemoselectivity (89%), but gave only racemic mixture of alcohols. Use of [Rh(cod)Cl]2 instead of 
carbonyl complex provided (R)-1-phenylethanol with 17% ee. Pre-synthesized carbonyl complexes 
with thiolate ligands [Rh(CO)2RS]2 showed moderate activity and chemoselectivity and somewhat 
lower enantioselectivity. 

We carried out a systematic study of acetophenone hydrosilylation in the presences of 
alkylnopyl sulfides. It was shown that the reaction proceeds with much higher rate than in the case 
of amine [3] and thiolate igands (50-80% conversion in 60 min). No reduction of reaction rate and 
chemoselectivity as compared to unmodified catalyst was observed at room temperature, while at 0-
5oC structure and concentration of alkylnopyl sulfides affected the reaction outcome. In all cases 
(R)-enantiomer of 1-phenylethanol was obtained with ee varying within 17-22%.  

Despite the modest initial results we have shown that in situ addition of the simple terpene-
based lingads as chiral auxiliaries under proper conditions does not impair catalytic properties of 
rhodium complexes while facilitating asymmetric induction making this a promising approach.  
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Titanyl phthalocyanine is a well-known organic photoconductor which shows very good 

photoconductivity and photostability, wide absorption in the visible region with high absorbance [1-
3]. In this study, the titanyl and vanadyl phthalocyanine (Pc) salts (Bu4N+)2[TiIVO(Pc4-)]2 
(Bu3MeP+)2[TiIVO(Pc4-)]2 with [TiIVO(Pc4-)]2 dianions and (PPN+)2{O=TiIV(PcCl84 )}2  were 
synthesized and characterized. 

Reduction of TiIVO(Pc2-) carried out with an excess of sodium fluorenone ketyl in the 
presence of Bu4N+ or Bu3MeP+ is exclusive to the phthalocyanine centers, forming Pc4- species. 
During reduction, the metal +4 charge did not change, implying that Pc is an non-innocent ligand. 
Salts contain one independent TiIVO(Pc2-)  dianion and two independent cations. The Pc negative 
charge increase caused the C-N(pyr) bonds to elongate and the C-N(imine) bonds to alternate, thus 
increasing the distortion of Pc. Jahn–Teller effects (JT) are significant in the [e( *)]2 dianion 
ground state and can additionally distort the Pc macrocycles. Blueshifts of the Soret and Q-bands 
were observed in the UV/Vis/NIR when TiIVO(Pc2-) was reduced to [TiIVO(Pc·3-)]·- and [TiIVO(Pc4-

)]2-. From magnetic measurements, [TiIVO(Pc4-)]2- was found to be diamagnetic. 
Crystalline anionic salts of titanyl macrocycles with acceptor substituents or extended -

system have been obtained for the first time: (PPN+)2{O=TiIV(PcCl84 )}2 . Salt was obtained at the 
reduction of parent titanyl macrocycles by fluorenone ketyl in the presence of an excess of PPNCl 
in o-dichlorobenzene with following precipitation of crystals by n-hexane. Reduction of is 
accompanied by the appearance of intense NIR bands in the solid spectra. Also, it has been found 
that extended -system provides the shift of the NIR band to smaller energies in comparison with 
those in the spectra of {O=TiIV(Pc•3 )}• . Reduction of Pc macrocycles leads also to the alternation 
of C-N(imine) bonds due to JT interactions and partial disruption of their aromaticity. One-
dimensional -  stacking chains and layers are formed in (PPN+)2{O=TiIV(PcCl84 )}2  with 
diamagnetic {O=TiIV(PcCl84 )}2- dianions, respectively.  
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As it is known, vanadium is widely used in various branches of modern technology and 

industry [1]. The main consumer of vanadium is ferrous metallurgy, where it is used as an alloying 
element in the melting of special steel grades. To create the various grades of low alloy carbon 
steels the vanadium is combined with chromium, nickel, manganese, boron, tungsten andother 
elements. Metallic vanadium and its alloys are of interest for the development of industries such as 
rocket building, nuclear industry. Vanadates are used in the manufacture of phosphors, in the 
ceramics andas catalysts. 

Therefore, the determination of vanadium in alloys of different composition is an important 
task of analytical chemistry. In this regard, there is necessity to develop sufficiently sensitive, 
selective and simple methods for determining of this element. For this problem solution, the 
spectroscopic and, in particular, spectrophotometric methods are expediently used.  

Application of organic reagents as ligands is perspective because the potential useful complex 
should have enough acidic and basic groups located for formation of steady five- and six-membered 
chelate cycles with metal ions. In this connection, complexes of vanadium with phenolic 
compounds are of great interest. A numerous group of natural polyphenols are flavonoids, which 
are good complexing agents. A typical and easily accessible flavonoid is rutin [2]: 

 

Glu-O-Ram
 

 
Many complexes of rutin with other metals have been described in literature. However 

information of vanadium (V) complexes with rutin is absent. Thus, the objective of this study is 
investigation of V (V) and rutin complexation in water – ethanol solutions. 

Thus, as the result of complexation reaction between vanadium (V) and rutin a new 
compound was synthesized.Vanadium (V) reacted with rutin in water-ethanol solution to form a 
yellow colored compound, which is characterized by two absorption bands at 260 nm and 360 nm. 
The optimization of reaction conditions in water-ethanol medium was carried out. It was shown that 
the complex formation depended on time, rutin concentration and ethanol content in the system. It 
was also established that ethanol molecules could be included in the structure of the complex. The 
data obtained were used as a basis for the development of technique for determination of vanadium. 
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Over past two decades, N-heterocyclic carbenes (NHCs) have received exceptional attention 
due to their strong -donating properties that make them very efficient in the stabilization of various 
metal centers [1]. The derived NHC compounds are useful for multitude of applications, especially 
in homogeneous catalysis [2]. Since Crabtree and co-workers in 2001 showed that imidazol-2-
ylidene-type NHCs may bind to a metal center through the C4 carbon, forming “abnormal” NHC 
species [3], several examples of NHC-main groups element adducts, where the coordination is 
achieved in an “abnormal” way, have been revealed. Isomerization of NHC usually occurs in the 
case of NHC adducts with bulky organoaluminum/gallium Lewis acids [4-6]. 

 
Here we report the structural and spectroscopic properties of NHC complex with not bulky 

Lewis acid AlH3 in the 4-position of the imidazole ring. The reaction between LiAlH4 and ItBu 
(ItBu  1,3-di-tert-butylimidazol-2-ylidene) with subsequent filtering from LiH was carried out in 
order to form the adduct I. However, single crystals of “abnormal” adduct II were grown from 
THF/hexane solution. The molecular structure of this complex was determined by single crystal X-
ray diffraction. Nevertheless, the NMR spectra in C6D6, d8-THF and CD2Cl2 show that isomer I 
prevails. NMR chemical shifts were confirmed by DFT computations (B3LYP/def2-TZVP level of 
theory). The computations also predict that the equilibrium constant of isomerization process 
I  II in the gas phase K298 equals 0.2. that points on the equilibrium between isomeric forms with 
slight respect to normal adduct I. According to computations in different solvents, the isomer II is 
lower in energy. With the increase of the polarity of the solvent the isomerization process becomes 
more thermodynamically favored.  
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Группа компаний "Химмед" успешно работает на рынке уже более 27 лет. Постав-
ляемый нами товар всегда высочайшего качества. Гарантия тому - отлаженные 
контакты с непосредственными производителями, скорость и качество постав-

ки товара, высокий профессионализм нашей команды. 
Мы являемся официальным дистрибутором ведущих компаний, таких как Merck, 
Thermo Fisher Scientific, Honeywell, Acros Organics, Scharlab, U.S. Pharmacopeia, 
British Pharmacopoeia, Bio-techne, The European Directorate for the Quality of Medicines 
& HealthCare, Carl Roth, SERVA, Biofac, Reagecon, LGC, Molekula, Alfa Aesar, IKA, 
TLC, TRC, и др. 
Компания "Химмед" является дилером мировых лидеров в области производства 
тонкой химии и современного наукоемкого лабораторного оборудования: AND, 
Phenomenex, RigoI, Eppendorf, Memmert, Marienfeld, Simax, Dupont, Brewer Science, 
Binder, Santa Cruz Biotechnology, Entegries, Miele, Hitachi, Macherey Nagel, Olimpus, 
Simax, Schott, VWR,  ЛАМО и др.
Мы поставляем:
• Химические реактивы, индикаторы, растворители ведущих отечественных и зару-
бежных производителей для лабораторных и научных исследований. 
• Биохимическую продукцию.
• Лабораторное оборудование, приборы, мебель, посуду отечественного и импорт-
ного производства для оснащения лабораторий.
• Аналитические приборы и хроматографию.
• Средства дезактивации радиоактивных загрязнений.

Мы стремимся к установлению долгосрочных взаимовыгодных отношений с потре-
бителями и знаем, что наш успех зависит от успешной работы наших партнеров и 
клиентов. 
МЫ НАДЕЕМСЯ, ЧТО НАША КОМПАНИЯ СТАНЕТ НЕЗАМЕНИМЫМ 
ПОМОЩНИКОМ В ВАШЕЙ  РАБОТЕ! 

ООО «Химмед – Поволжье» 
www.chimmed.ru

Региональное представительство: 420081, Казань, ул.Седова, д.22
Тел./факс: (843)273-67-61, 272-97-86

Центральный офис: 115230 Москва, Каширское шоссе, д.9, корп.3
тел. (495) 728-41-92



2

НАУЧНАЯ КОНФЕРЕНЦИЯ «ДИНАМИЧЕСКИЕ ПРОЦЕCСЫ В ХИМИИ  ЭЛЕМЕНТООРГАНИЧЕСКИХ СОЕДИНЕНИЙ»,  
ПОСВЯЩЕННАЯ 115-ЛЕТИЮ СО ДНЯ РОЖДЕНИЯ  АКАДЕМИКА Б.А. АРБУЗОВА

Начиная с 2004 года, наша группа компаний зарекомендовала себя в качестве 
надежного и добросовестного поставщика во всех ведущих научных и учеб-
ных учреждениях г. Казани.

У нас вы всегда сможете заказать все, что необходимо для обеспечения нормаль-
ного функционирования современной научно-исследовательской лаборатории: хими-
ческие и биохимические реактивы, посуду и расходные материалы, лабораторное 
оборудование ведущих отечественных и зарубежных производителей, лаборатор-
ную мебель.

Мы всегда рады подобрать оптимальный вариант закупки, исходя из Ваших средств, 
сроков поставки и других факторов. Думается, что немаловажным будет для Вас и 
тот факт, что большинство продукции поставляется нами по ценам производителей 
или их официальных российских представителей. Доставка продукции осуществля-
ется нами в пределах Казани бесплатно.

С уважением и надеждой на взаимовыгодное сотрудничество.

Заместитель директора по развитию ГК «ТатХимПродукт»
Ефремов Александр Валериевич

Телефон/факс: +7 843 278-31-18, доб. 112; тел. моб. +7 917 877-31-67
alex130768@gmail.com

www.tatcp.ru




