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Abstract
Metallocomplexes
from
phosphorus
containing
ligand
–
bisphosphorylated resorcinol and copper (I) halide were synthesized. Their
structure was investigated by the method of 3D molecular construction
according to the program Chem3D 12.0.
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Introduction
It is known that monovalent copper has a great affinity for trivalent
phosphorus, and reaction between compounds, containing both this atoms,
always accompanied by an exothermic effect. Complex compounds based on
copper (I) and phosphorus (III) are now widely used as metal complex catalysts
in hydrogenation, cyclopropanation, hydrogen transport [1,2].
Сreation of metal complex catalysts that can significantly improve the
efficiency of known reactions, as well as allowing previously unavailable
chemical transformations, is one of the most advanced trends in modern organic
chemistry. It is worth mentioning only that in 2005 the Grubbs collective was
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awarded the Nobel Prize in Chemistry for the creation of unique catalysts based
on organophosphorus ligands and the development of the Grubbs metathesis.
All the most cited organic chemists in the last decade are researchers of
metal complex catalysts.
In 2010, for the cross-coupling reactions carried out also due to metal
complexes with organophosphorus ligands, the Nobel Prize in Chemistry was
obtained. Cross-coupling reactions (Suzuki, Heck, Sonogashira) allow such
interactions between substances, which 20 years ago could not have been said.
One of the first metal-complex catalysts was the Wilkinson catalyst
based on triphenylphosphine Ph3P, which allows to do hydrogenation with high
efficiency [3].
It is also known that were synthesized complex compounds based on
copper (I) halides and hexaethyl triamide of phosphorist acid 1 [4] (Schema 1):

Схема 1
More recently, similar complexes have been synthesized from another
phosphorus-organic ligand: phenylphenylphosphonite tetraethyldiamide PhP(NEt2)2 2 [5].
At the same time, various phosphorus-containing systems, obtained
from diatomic phenols and amides of phosphorus acids are investigating now
[6].
Synthesized complex compounds based on phosphorus-containing
macrocycles are one of the promising areas of modern organophosphorus and
supramolecular chemistry [7]. For the creation of supramolecular chemistry in
1984 Charles Pedersen and Jean Marie Len also received the Nobel Prize. The
formula of such organophosphorus macrocycles (crown ethers) is as follows:

Ar1, Ar2 = bisphenol residues
X = NR2, Ph, OPh
Y = lone electronic pair, O, S, metall (in metallocomplexes).
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However, up to now, substances that are intermediate between acid
amides of trivalent phosphorus and complex macrocycles have not been
introduced into the complexation reaction. Such intermediates are bisphenols,
both hydroxyl groups of which are converted into phosphorus-containing
fragments. Bisphosphorylated derivatives are obtained by reacting the
corresponding dihydric phenols with trivalent phosphorus acid amides in the
ratio 1:2 (Schema 2).
These bisphosphorylated intermediates for the synthesis of
phosphorus-arene crown ethers are dedicated to special review [8].
Materials and methods of investigation
There are three simple dihydric phenols: pyricatechol, resorcinol and
hydroquinone. Previously, we have already found that pyrocatechol is not
possible to bisphosphorylate with hexaethyl triamide phosphoric acid [9].
Therefore, as an object for bisphosphorylation, we chose resorcinol 3. This
choice is also due to the fact that previously we developed a universal method
of resorcinol bisphosphorylation by amide 1 [10]. In a solution of ethyl acetate
with a molar excess of phosphamide 1 bisphosphorylation reaction takes place
in 2 hours (Schema 2):

Schema 2
We also developed a method for the bisphosphorylation of resorcinol
by another phosphorylating agent - phenylphosphonic tetraethyldiamide 2. The
reaction in ethyl acetate is slow [6], Therefore, synthesis must be carried out
without solvent with heating (Schema 3):
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Sckema 3
It should be noted that in this case the reaction is complicated by the
need to use a vacuum water jet pump to distill off diethylamine.
Bisphosphorylated products 4 and 5 introduced into reaction with
copper (I) chloride 6 and copper (I) bromide 7 in benzene solution (Schema 4):

Schema 4
Formation of products 8-11 is confirmed by spectroscopy NMR 31Р.
Signal in 132.07 ppm for 4 and in 130.75 ppm for 5 as a result of complexation
for both phosphorus atoms disappear, and instead of them in the spectrum of
complexes there are characteristic signals in the region of 115-119 ppm
(coordination shift ΔδР = 17-11 ppm).
It is interesting to note that complex compounds based on copper (I)
chloride in the reaction mixture are much more contaminated with oxidation
products, which is associated with good oxidation and instability of the
complexing agent CuCl itself. So, complexes 8 and 10 after separation from
solution are thick viscous pastes, which must be thoroughly cleaned from byproducts.
Complex 9 most easily amenable to cleaning: after distilling off the
solvent: it is immediately released in the form of a solid mass and can be easily
recrystallized from hexane. In the purified form it is a white powder with
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melting point Т = 183-1850С. Structure of 9 confirmed by the same methods of
mass spectrometry MALDI and PMR-spectroscopy.
For the first time about obtaining compounds 8-11 we reported at a
recent student conference Lomonosov-2018 [11]. Unfortunately, in this paper
we made a number of misprints: instead of compound 6 it should be 7, instead
of 7 – 6, instead of 18 – 8, instead 10 – 3.
At present, work continues on the separation and purification of
complex systems 8, 10 and 11. And complex 9 should be investigated as a
potential catalyst.
To understand the structure of the resulting metal complexes, we built
their 3D models with the help of a program Chem3D Pro 12.0. This program
has already been repeatedly reviewed by us for the adequacy of the models
depicted by it to the real results of X-ray structural analysis [12-14].
Results and discussion
The most interesting for the study is a stable and individualized
complex 9 (Fig. 1):

Fig. 1. 3D-model of complex 9
It turns out that the length of coordination bonds (Cu-P) in the complex
are 2.270 А, and the distance between phosphorus atoms Р-Р is 5.755 А. For the
correct construction of this and all subsequent models of metal complexes, we
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used the fact, that copper (I) bromide is a dimeric compound, and copper atoms
in it are interconnected by µ2-bridge Br atoms, as stated earlier [4,15] for
complexes of a simpler structure, for example, (Et2N)3P-CuBr.
In general, it can be seen that the metal complex 9 is a good example
of a chelate-type compound. Atoms of P and benzene ring form as it were two
perpendicular planes, and the dimeric copper bromide forms another plane
parallel to the arene fragment. It can be seen that two N-atoms for different Рatoms are parallel to each other, and two - are oriented in different directions
from each other so that their ethyl fragments do not experience a steric
interaction.
Now let us turn to the structure of the complex 8 from CuCl:

Fig.2. 3D-model of complex 8
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Bond length of Cu-P have not changed, but the distance between
phosphorus atoms Р-Р slightly decreased and amounted to 5.722 А. The
molecule of the complex looks more concise.
Complexes from ligand 5:

Fig. 3. 3D-model of complex 10
It is interesting to compare complexes based on different ligands and
copper bromide, i.e. 9 and 11:
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Fig. 4. 3D-model of complex 11
It is seen that in form the complexes 9 and 11 are very similar. Lengths
of coordination links Cu-P not changed. The distance between the phosphorus
atoms now is 6.158 А. The benzene ring is also almost parallel to the copper
bromide. It is essential that the phenyl substituents here can apparently be
located both in the cis-position with respect to each other and in the trans
position, i.e. it may exist in two geometric isomers. We also note that the bonds
Cu-Br are equal to each other and constitute 2.354 А, which almost corresponds
to the sum of their covalent radii in 2.31 А (radius of Br is 1.14 А, and Cu 1.17 А).
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