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ON A GENERALIZATION OF THE AUTOCORRELATION VECTORS:
CONCEPTS AND APPLICATION

G. LEKISHVILI
Iv. Javakhishvili Tbilisi State University

A new molecular descriptor, conceptually extending the autocorrelation vector, has been introduced. It
was shown that the formalism of the classical descriptor could be understood as a particular case of applying a
functional kernel in the feature space. The generalization is acquired by considering non-diagonal entries of the
kernel matrix. The vector composed with the leading eigenvalues of the matrices corresponding to different in-
ter-atomic distance thresholds has been suggested as a new molecular descriptor. The new approach has been
tested with the help of the benchmark steroid dataset. The research revealed high modeling power of the new
descriptor (R-Squared=0.9236, Press R-Squared=0.8526, RMSEP=0.4334). The troublesome 31* steroid con-
taining a fluorine atom was handled as follows: fitted, 31 steroids: -5.6939, predicted, last 10 steroids: -5.6088,
experimental: -5.797.

Introduction

Elements of the Kernel Theory

If we consider atoms of a given molecule as some vector ‘variables’, x, z, the atomic properties can be
treated as functions to be applied to such variables. Therefore, the functions characterizing molecules via their
atoms, @, ¥, can be presented as follows (Equation 3):

=g 4 .. b, Y=y, v, v, 3)

@;and y; are the atomic properties. Now, we construct the kernel [3] (Equation 4):
K(x,2) =) 4,y (2) 4)
i=1

Under certain conditions, this (Equation 5) holds true:

[ K(x.2)(@)dz = 29 (%) ©)

Here 1 is the eigenvalue. Namely the leading eigenvalue is what we use to characterize the autocorrelation
between the atomic pairs separated by the given distance.

Results and discussion

Kernel Matrix of Atomic Properties

In order to make the kernel approach practically applicable, we made several simplifications. Firstly, one
has to remember that the number of atoms and their pairs in a molecule is finite, as well as the number of the
atomic properties one uses practically, i.e., we consider degenerated kernels. Therefore, the dimensionality of
the kernel matrix, H, is mxm, where m is the number of the atomic properties used in a model. Next, we shall
assign a kernel matrix to a particular equivalence class as it is our task to characterize the equivalence classes,
rather than several particular atomic pairs. Again, we assume that ®=W. Finally, we shall assign the
contribution weight to the atom pairs as a factor that defines their membership degree to a particular
equivalence class. We shall employ the radial membership functions. The kernel matrix, H, is given as follows
(Equation 6):

D pi)p,(Dexpl-B(r—d,,)’ 1. r=ruin...rmax (6

1
hy(r)=—
nm -y 1=
Here, p;(k) means the i™ atomic property calculated for the K™ atom, dy, is the Euclidean distance between
k and [, B is the smoothing factor, # is the number of atoms and m, again, is the number of atomic properties.
Our design also considers the zero-distance atomic pairs, i.c., the situations where £=/ and d;=0. Clearly, the
diagonal entries of the matrix, 4ii, correspond to the classical RDF codes, see above. Another advantage of this
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formalism to generate descriptors is that one can include numerical estimates (evaluations) of chirality (of en-
vironment) of atoms.

As one can see, the matrix is square and symmetric (because for each matrix element, 4; and 4;;, any ato-
mic pair is counted twice, first as p;(k)*p;(l), next as p;(l)*p;(k)). However, the matrix’s being positive semi
definite generally depends on which atomic properties are selected. To solve this ambiguity, one can either use
only the first (leading, dominant) eigenvalue, as we do in this study, or recalculate some atomic properties
(e.g., partial charges, electrotopological state indices) as suggested by Todeschini: p:= p+7.

Once the matrices are computed, one for each equivalence class (i.e., distance threshold), one calculates
their leading eigenvalues and uses them as molecular descriptors for QSPR/QSAR studies [4,5].

To estimate practical aspects of the newly introduced molecular descriptor, KAP (Kernel of Atomic Pro-
perties), we applied it to the benchmark steroid dataset. The results of the numerical experiments are given below.

Modeling the Binding Affinity of the Steroids

The dataset containing 31 steroids has gained the reputation of the benchmark to test newly introduced
molecular descriptors. We also used the dataset to verify the modeling power of the KAP descriptor. The
dataset was obtained from the TORVS web site. The 3D structures were generated with CORINA. Our
descriptor was implemented on the basis of JOELib1. We used NCSS2000 to build our models.

To achieve good modeling quality, we varied the parameters of the KAP descriptor. The numerical values
of the descriptor appeared sensitive to such variations; however, the models produced were of high or satisfac-
tory quality. The best result was achieved with the following settings: 7nin=0.2A, rma—=10.2A, B=25. As one
can see, the dimensionality of the resultant vector (=51) was too high to be used with 31 patterns. Therefore,
we selected the best model with 4 predictors, by means of the options of NCSS2000, “all possible regression’
and ‘multiple variable selections’ (Equation 7):

BA=-6.043048+ 1.06054773-0.7248234 13, -0.770077 94 + 0.8163146* 1192 (7)
R’=0.9236, PRESS=5.180202, R’ ppiss=0.8526, F=78.6167, RMSE=0.3213165

Here, BA stays for the Binding Affinity, and the subscripts of 4 mean the values of » in Equation 6. The
statistical parameters of the model reveal a high modeling power of the KAP descriptor. More details about the
model are given in Table 1.

Table 1. The numerical values of the selected descriptors, the calculated (fitted) and experimental values of
the binding affinity, and the residuals

Ne Ars As > Aoy Aoz BAexy BAcate residuals
1 2.033941 1.618408 2.132301 0.365236 -6.279 -6.40291 -0.12391
2 1.123795 0.786131 0.309735 0.541473 -5 -5.21752 -0.21752
3 1.028422 0.865205 0.255807 0.644928 -5 -5.25001 -0.25001
4 0.747028 0.951695 0.906073 1.949746 -5.763 -5.04674 0.71626

5* 1.376522 0.458434 1.014741 6.28E-04 -5.613 -5.69638 -0.08338
6 1.364039 2.352488 2.018053 0.606151 -7.881 -7.36081 0.520195
7 1.242921 2.755114 1.894489 0.590434 -7.881 -7.69877 0.182234
8 1.484285 2.60748 1.553352 0.585534 -6.892 -7.07708 -0.18508
9 0.883077 0.833434 0.359321 0.622386 -5 -5.47924 -0.47924
10 1.462492 2.52757 2.159848 0.634805 -7.653 -7.4691 0.183904
11 1.323304 2.917221 2.036904 0.591489 -7.881 -7.83982 0.041176
12 1.128026 1.264949 0.509921 0.280425 -5.919 -5.92735 -0.00835
13 1.680472 1.026654 0.29759 0.56805 -5 -4.77043 0.229569
14 1.730074 1.150127 0.851082 0.415682 -5 -5.35793 -0.35793
15 1.751125 0.988671 0.478774 0.477314 -5 -4.88156 0.118436
16* 1.610479 0.878858 5.79E-04 6.63E-21 -5.225 -4.97252 0.252479
17 1.765321 1.649227 0.89003 1.219741 -5.225 -5.05594 0.16906

18 1.419943 1.626238 0.759197 1.20671 -5 -5.31545 -0.31545
19 1.233449 1.891675 1.576237 0.362569 -7.38 -7.0239 0.356098
20 1.120194 2.343536 1.475443 0.342166 -7.74 -7.41057 0.329431
21 0.743371 0.953438 0.865362 0.224146 -6.724 -6.42916 0.294837
22 1.402503 3.001432 1.870631 0.687189 -7.512 -7.6107 -0.0987

10
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Ne /178 /1&2 ).94 2.10.2 BAexp BAcalc residuals
23 1.564346 3.14343 2.50548 0.824058 -7.553 -7.91914 -0.36614
24 1.275852 1.822203 1.296711 0.303628 -6.779 -6.76143 0.017567
25 1.367576 2.341961 2.018582 0.596869 -7.2 -7.35741 -0.15741
26 0.779947 0.996162 0.904791 0.231972 -6.144 -6.44532 -0.30132
27 1.169961 2.453403 2.168211 1.722315 -6.247 -6.84427 -0.59727
28 1.239518 1.975862 1.887742 0.737846 -7.12 -7.01202 0.107977
29 1.288815 1.973719 1.643149 0.378151 -6.817 -7.06346 -0.24646
30 1.45019 2.655739 2.112268 0.654664 -7.688 -7.52219 0.165808
31 2.946095 2.450075 1.944202 0.609748 -5.797 -5.69389 0.103113

These compounds are enantiomers and thus must have identical values of KAP. The differences observed
here are due to well-known inexactitudes in empirical calculations of the Cartesian coordinates.

To continue the routine validation process, we extracted the last ten steroids to make a test set. Such a
split has an advantage: the distribution of the steroids via their activities is completely different for the first 21
and the last 10 steroids. There prevail the steroids of low activity for the former, whereas the latter contains on-
ly highly or intermediately active compounds. Therefore, only the descriptors capable to extract most versatile
information can pass the test.

Again, we selected the best quadruple of the descriptors and built a model. It so happened that the same
predictors appeared winners as in the case of the complete dataset. This coincidence, however, was not
observed generally. The best predictors differed at other settings of B, 7uin, Fmax- Below is given the model for
the reduced training set containing only the first 21 steroids (Equation 8):

BA=-6.129588+ 1.226335 1,5-0.7029608 15,-0.9190384 Ag 4+ 0.6838331 4192 (8)

R’=0.9430, PRESS=4.066113, R’ ppss=0.8529, F=66.1173, RMSE=0.3139572

Finally, we applied the aforementioned equation (Equation 8) to the test set of the last 10 steroids. The
results justified the expectation produced by the previous experiments: the value of the root mean square error
of prediction, RMSEP=0.4334, appeared among the best results of applications of this dataset. A further
examination of Table 2 witnesses for this.

Table 2. The test set steroid predictions with KAP vs. other approaches

Ne  COMFA  CoMFA  similarity = COMPASS  MS- SOMFA KAP Exp.
(FFD) matrix WHIM
analysisc
22 -8.084 -7.883 -7.453 -7.062 -7.300 -7.279 -7.769 -7.512
23 -7.666 -7.430 -7.022 -7.729 -8.332 -7.034 -8.160 -7.553
24 -6.538 -6.642 -6.939 -6.462 -6.821 -6.925 -6.830 -6.779
25 -7.804 -7.705 -7.146 -7.466 -7.445 -7.232 -7.546 -7.2
26 -6.396 -6.495 -5.908 -5.994 -6.121 -5.744 -6.546 -6.144
27 -7.346 -6.962 -7.046 -6.383 -6.901 -6.800 -7.234 -6.247
28 -7.010 -6.848 -6.569 -6.625 -6.532 -6.603 -7.229 -7.12
29  -6.864 -6.816 -6.850 -7.403 -6.838 -6.692 -7.188 -6.817
30 -7.970 -7.767 -7.539 -7.741 -7.860 -7.345 -7.712 -7.688
31 -8.005 -7.793 -7.457 -7.779 -7.491 -7.283 -5.609 -5.797
RMS  0.837 0.716 0.640 0.705 0.662 0.584 0.433
EP (0.486)a (0.356)a  (0.385)a (0.339)a (0.411)a (0.367)a (0.317)b

* The data for the models built with COMFA, COMFA(FFD), Similarity Matrix Analysis, MS-WHIM, SOMFA
are taken from ref xyz. a) Excludes steroid 31. b) Excludes steroid 27.

As one can see from Table 2, the troublesome 31% steroid containing a fluorine atom was predicted rather
well; however, it was steroid #27 that appeared to be predicted difficultly during our studies. It should also be
mentioned that other approaches often fail to predict this steroid well. Exceptions are e.g., MEDV-13 and
GRIND. Therefore, our results have not justified the assumption that steroid #31 was a well-known outlier due

11
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to the presence of a fluorine atom. Probably, outliers characterize particular molecular descriptors rather than
datasets themselves.
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MODELING OF THE MECHANISM OF THE POINT MUTATIONS OF DNA
UNDER THE INFLUENCE OF NI** IONS

N. VASILIEVA-VASHAKMADZE, G. LEKISHVILI, R. GAKHOKIDZE AND P. TOIDZE
Iv. Javakhishvili Tbilisi State University

The work deals with the problem of modeling of a possible mechanism of point mutations of DNA under
the influence of Ni*" jons. Two feasible schemes of interaction of Ni*" with nucleosides are considered. The
first scheme presents the formation of the planar complex of Ni*"-G-C, and the second shows the incorporation
of Ni** between the two neighboring complementing pairs. We used the MOPAC package to compare the force
constants and energies of intramolecular hydrogen bonds in the complexes and corresponding values in a free
G-C pair. The comparison enabled us to make a conclusion implying that the formation of the Ni**-G-C
complex is accompanied by the weakening of a hydrogen bond, nearest the joining point of Ni**.

The incorporation of Ni** between the two neighboring complementing pairs of G-C causes the
weakening of all the three pairs of hydrogen bonds, but to a lesser extent. It has been demonstrated that in the
first case the probability of point mutations, the replacement of G-C by A-T increases, and the probability of
divisions, the fallout of triplets of type GGX or XGG increases in another case.

Metals commonly get into a human or animal body as soluble compounds — salts, which, when dissociated,
yield cations, the metal ions in the body. The results of numerous experiments have enabled us to fix a regular
dependence between the high concentration of some metals (Ni, Zn, Co...) in the animal body and the tendency of
cells for invasive growth — malignant transformation [1, 2]. A number of experiments have demonstrated that the
aforementioned metals may result in carcinogenic activity [3, 4]. A notorious example of the metal influence on the
DNA structure is the transformation of guanine G—G, resulting in a ;)ossible replacement of G-C pair by A-T pair.

As it is known, there are data evidencing the special role Ni*" plays in the process of malignation of cells.
The transformation of nucleosides under the influence of nickel is a process that takes place at an electronic
level. Therefore, in order to study the mechanism of this process, the peculiarities of the electronic structure of
nickel and its complexes are to be taken into account.

The total content of nickel in the earth’s crust is ~0,003%. It is a permanent constituent element of an
animal body (~107%). However, biochemical nickel regions of a plant contain much more nickel. Besides,
they often have a deformed shape evidencing the disturbance of their genetic apparatus.

Ni in microscopic concentrations, as a microelement is included in liver, skin and endocrine glands; it is
the activator of arginase in the body; it is a constituent element of insulin and it has an effect on the oxidation
processes [5,6]. In nature, nickel is spread as minerals - pentlandin (FeNi)ySg, nickeline (NiAs), garnierite
(NiMg);Si4019(OH)194H,0O and others. Many of the nickel compounds are complex ones, e.g. hexamine
[Ni(NH3)4 (H,0),]- X, among them, where X is a monobasic anion. There are nickel compounds known as
dimmers, having a square-planar structure, e.g. [Ni(CN);]*".

Nickel is characterized by a square-planar form of coordination (with the coordination number of 4), as
well as octahedral form (with the coordination number of 6). A relatively better-studied specimen of square
complexes of nickel is the salicyl-al’diminat complex.. Nickel is attributed to the group of transition metals
(Z=28) and has an open 3d shell. Its fundamental state is ...3d’°4S'. Bivalent ion (sulphion) Ni*" has an
electronic configuration of ... 3d®, which depending on the symmetry of the ligand field may result in different
configurations of nickel complexes — octahedral spatial structures or almost planar squares [7].

Many metallic complexes of purine nucleotides were studied by the method of X-ray structure analysis. For
instance, a compound of a hydrated nickel with nucleotides is known, with five water molecules and purine nucleotide,
bonded in the state N(7), forming an octahedral coordination sphere of the metal [1]. However, the formation of nickel
complexes with a square-planar coordination is also possible, like natural compounds of a tetra-coordinated nickel.

It is known that the formation of complexes has an effect on the configuration of systems of the
constituent components and their chemical properties - when the power levels of the higher occupied orbits of
the metal are cut in between the levels of valence states of ligands, they may participate in the rearrangement
of these states, which in its turn may change the properties of ligands.

When studying the metallocomplexes in water solutions, it is reasonable to apply the theory of ligand
substitution [8, 10]; it considers the electronic structure of all atoms included in the complex, viewed as a
unitary quantum-mechanical system.

The transient period metals, with Vi among them, being hydratable in water solutions, capture the polarized
water molecules. Besides, as it is known, the radius of a hydration shell and the coordination number characterizing
the local electrostatic field, eventually are the result of the properties of a central cation, the complex-former.
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As the coordination number of such compounds exceeds the valency (the number of coordination bonds
is more than the number of the valence electrons), the electron density at the bonds is less than one. This
results in the lability of bonds which becomes apparent in that the coordination bonds spontaneously break up
and are re-formed, creating favourable conditions for the process of the ligand replacement.

Besides, a significant role is attributed to stereo-specific interactions when the radius of a hydration shell
and the coordination number of a cation ensure the steric conformity between the active center of the molecule
and the coordination sphere of a cation.

It is known that the energy of the higher occupied orbital defines the electron-donating properties of the mo-
lecules. Guanine has the highest heterocyclic base filled with the highest energetic level: E= - 0,307 [8], and
relatively more electronegative atoms of guanine are N(7) [q, = -0,571e] and O(10) [q, = - 0,46¢e]. Atoms of
guanine nitrogen may be arranged in the following order according to the value of the electronic charge n [8,9]:

N(7)>N>(3)>N(1)=N(2)>N(9) (Fig. 1)

As it is known, the reaction of interaction of the ligand with the electron-seeking reagent is possible, if the
energy of the highest occupied level of ligand is higher than or equal to the energy of the lowest free level of
the reagent. Therefore, it is the guanine of purines and the cytosine of pyrimidines that are considered most
inclined to the electrophilic reactions. The ability of the metals to interact with guanine is reduced in the range
of Cu>Ni>Zn>>Mn>>Mg. It has been proved experimentally that bonding of metals often takes place along
the imidazole ring of histidine N(7) and N(9) or pyrimidine ring in nucleotides N(3) and N(1). Bonding in
nucleosides takes place via N(7) and O(10) of guanine and N(1), N(7) of adenine (Fig. 1).

The works indicate [2, 3] that the possibility of incorporating the metal between two neighbouring
guanines in one chain or joining the metal between N(1) purine and N(3) pyrimidine is possible.

Analyzing different schemes of interaction of nickel with nucleosides, we dwelt on the two most typical
cases. These are the interaction of nickel with a complementing pair G-C and a respective formation of 4- and
6-coordinated complex with Ni*".

’ o~
& 16 \N/B s caa
. 0%\
13 / N/“ N
Figure 2

We consider that a 4-coordinated hydrocomplex of nickel, which is in fact a planar system, when
interacting with purine, which also has a planar structure, must stabilize as a planar system
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Incorporation of nickel between two neighboring purines, located along a polynucleotide chain, must
result in the formation of an octahedral complex with a spatial configuration. as presented in Fig. 2. When
designing the schemes of a complex-formation, mean and interatomic distances and angles were taken of the
data gained through the results of the X-ray analysis of similar complexes, as well as of the relevant tables.
The scheme of incorporation of Ni*" between two neighboring pairs of G-C was designed by considering the
data on the configuration of 6-coordinated complexes of Ni*" and based on the data on the most
electronegative ligands O(10), N(7), N(3) and N(17), O(20), N(13) (Fig 1, Fig. 2).

The present work deals with the influence of the formation of complex Ni-G-C on the stability of the
hydrogen bonds in complementing pair G-C. As the calculation has shown, in the process of complex
formation according to scheme 1 (Fig. 1), the binding energy E[O(10)-H] =0,06 ev, i.e. =1,38 kcal/mole
corresponds to van der Waals interaction which is less than the energy of the hydrogen bonds, whose value
~3+8 kcal/mole.

This evidences the weakening of the hydrogen bonds allocated near the jointing point with metal. Besides,
the values of force constants for three hydrogen bonds Py, m-electronic charges for Q, atoms and binding
energy Ei, were found (numbering is referred to in Fig. 1).

For the sake of convenience, we introduced the numbering of hydrogen bonds in Fig. 1 with Roman
numerals (I, I1, III).

P=0.024 Q.[0(10)]=- 0.310 E,=0,060 ev
P,=0.057 Q.[O(1)]= - 0.200 E,=0,087 ev
Pui=0.068 Q[0(2)]= - 0.200 E,=0,090 ev,

where: P; — is the force constants and E; is the binding energy.

Thus, at forming a planar 4-coordinated nickel complex with G-C pair, the hydrogen bond O(10)...H-N is
destabilized (Fig. 1) while other two H-bonds are quite strong.

The destabilization of H-bonds O(10)...H-N in the forming complex Ni...G-C increases the probability of
the cytosine easily splitting off guanine at the subsequent replication.

Thus, it may be supposed that such kind of complex-formation at the subsequent replication reduces the
ability of normal formation of a complementing G-C pair, whose stabilization needs the formation of three
hydrogen bonds.

As through this process, the ability of forming two hydrogen bonds is preserved, the transformed guanine
G* may join thymine at replication.

Thus, G* acquires the similarity to adenine, capable of forming two hydrogen bonds with thymine. At the
subsequent replication, adenine must join thymine, i.e. a point mutation takes place which is the replacement
of a pair G-C by A-T secured during the subsequent replications.

Thus, as the analysis shows, joining of a hydrated 4-coordinated Ni** to guanine in the complementing
pair G-C causes the transformation G—G*, whose result is the possibility of replacing the pair G-C by A-T.

Unlike a 4-coordinated Ni**, the 6-coordinated Ni*", when incorporated between two neighboring
complementing pairs (G-C ...Ni...G-C) causes changes of a somewhat different nature.

Similarly to the method used by us to carry out the preliminary analysis to design a planar tetra-
coordinated complex Ni*" with a complementing G-C pair, a corresponding scheme was drawn up for the
complex formed by 6-coordinated Ni** incorporated between two neighboring pairs of G-C, and the calculus
by using the program MOPAK was used.

For the sake of convenience, instead of numbering the atoms as in Fig. 1, for hydrogen bonds we used
numbering by Roman numerals.

The values of force constants Py, and binding energies between guanine and cytosine in both
complementing pairs of complex G...Ni*"...G (Fig. 2) calculated by us are referred to below:

P(I)=P(IV)=0.039 E(I)=- 0.12 ev = E(IV)
P(I1)=P(V1)=0.042 E(I)=- 0.12 ev = E(V)
P(II))=P(VI)=0.042 E(IID)= - 0.13 ev = B(VI)

The comparison of the force constants of the hydrogen bonds evidences a simultaneous destabilization of
all the three pairs of H-bonds between guanine and cytosine in both complementing pairs of the bases.
However, such destabilization is observed to a lesser extent than in case of formation of a planar complex.

This evidences the reduction of the ability of forming complementing pairs during the replication at the
points, where triplets of type G-G-H or H-G-G were located.

We may conclude that the incorporation of Ni** between the neighboring complementing pairs
(G...Ni*"...G-C) may cause deletions, the fallout of triplets of type G-G-H or H-G-G in DNA.

On the basis of the accomplished analysis, the following conclusions may be made:
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1. The formation of complex Ni-G-C causes the transformation of guanine G—G¥*, during which the
destabilization of the hydrogen bond in the complementing pair G*-C, being the nearest to the jointing point of
Ni takes place. As a result, in the phase of replication, guanine loses the ability to form three complete
hydrogen bonds to form a normal complementing pair with cytosine. At the same time, the formation of the G-
T pair is also possible. At the subsequent replication, thymine joins adenine, i.e. in place of G-C pair, there
may appear A-T pair. This means point mutation.

2. In another case, the incorporation of Ni*" between the complementing pairs causes the destabilization
of all the three hydrogen bonds in both neighboring pairs. At a subsequent replication this may cause divisions
(fallout) into triplets of a type G-G-H or H-G-G.
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03. ®o3560dg0mal bobgmmdab
»domabob babgmdBogm vbaggMbod g

c9bomdg

bnbodgdofyg bodtmdn gdm3bgds NI*F 0mbgdol ao3magbom d0dwnbofyg ©b3-0b By Eommmgsba
39300l dgbademm 394060B390l Im@gmomgdsb. gsbboemaemas Ni*" ombals b 3mgnbol dgo390mab
DOD0gOHNddgegdolb mMo dgbsdmgdgmo bgds. 3ofggmo domgobo Bamdmawaqbl Ni*"-G-C 3mobo-
o) 20 333 g4Lob gm®IaMgdsl, beenm Jgmeg — mE 3gbdmdgm 3m33mgdg6@emm bygamlb dmmals
Ni™ 0mbol 063m@3mEs30sb. dogmao 3mbb@ob@gdobs o 3m33magdLgdda ab@Mmadmmysmen&o
byomdaycn 83980L 96gMa0gdals, sbg3g, mogobyygsm G-C Lobdgdsda dgbsdsdabn 360d365mmbgdals
a03mbomgmagmoe Aggb 30gfM go3mygbgdmem 0gdbs MOPAC 3s3980. Ro@omgdnmds asdmmgmgdds
dmag(3o dgbadmadmmds, aa3qb336s, Hm3 Ni**-G-C 3M33mg Lol gm@m3aMgds dodwabsmgmdl Ni**
0mbolb dndsmom obmmgbo Bysmdsn@n 3ol dgbab@gdoo. Ni*" ambals 0b3mEM3mMs(300L 00b ob-
a3l Byomdom@n 33930l Lodngg Byzomals IgbnbEgds, od(ze YBG™ I3069w. bohggbgd0s, M3
30639 39dmbgggzedn ndMpgds By ommgabo 3n@o30gdal, G-C Bygomal A-T Bygomoo Robs(s-
3930b semdsmmds, bemem dgmeg dgdmbzgzedn 3o 0DMEgds oymazzabs s GGX o6 XGG godmym-
3ol sendommds.
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b. 30630Jd0dJ, 6. RI30330XN, 0). LM3IS60dI, M. 396RN333NXN,
R. 9IA03033020, b. BORIVND

03. ®o3560dg0mal babgmmdal
»d0obob bobgmdbogm ¢mboggmbodgdo

Ro@omgdmmos 368 3gmdnbornMn 361g356158gdob: ¢9bsa(39@&0bal, EH0abmabal, ©nsdx96g8 0w,
oxmgbabowol Imeognzszns ON-5&mIgdal s@edsb@omomgdom s 3083dsbGmamafgdom, 396M-
dm, 39bmmgdal 303356 0mamgdom 1-508356@80bmmom s 1-30mM8s0s356@360m, 5@s356@mdLo-
396bmmab bo@Mmomgds s smEaqbs bbgawabbgs Labi@gdoom, s om(sEne)mgbosbamobgdol s(30emo-
gdo 3oMdMbIgogoms JmmmabdoMowadomn gndg 08968900l 0obomdabsls o doma boGMamgds.
dmegmaco bobgdob gs8mygbgdooc Rs@omgdamas 4-(3-JmmERgbmdLbn)-3-Jmm@-s@sd56@mames-
Bommoolb 3396@M-dodon@a 30dm33mg3s. e@agbomos 58356@806d53(339m0 BoGmmaebomoawgdal
3°0309130L 0mMEsG oMb s 8MMATsGgdmsb YMmoghmdgogdom sbomo jomomby@m-sbombymo 3m-
mME0bs30mmo bogMogdol domgdolb dgbadmgdmmds.

0@ 9@ M0sb [1, 2] (36mdamos, Hm3 DmgogMmo dommmagonmow od@oymmo bogcoal O, N-
@m0l 505856@0m0Mgdom ©d 556G MamnMgdom doomgds dbgmam 3nMmendgdown, Bomsmn
3983M56m@mmM3mo s 03bm@EmmM3mn mzgabgdgdol 3jmby bogmngfmagdgdo, 3Hmmmbaomgdmmo
gobommmaono 3mgdgogdom s b3g308039M0 5J@&0MEMdal godmogmgdymoa gB99Eoom.

o3b@3gmdnboryMa  3Mmg3oMoBgdn:  @qbo3n®nbn, GFMobmobo  (ybaMgomn), ©03PHbgE 0w
(nbgmabn), Mogmjbsbowo (933) 396 83359mBamgdgb Msbsdgmmzgg dmmbmizbgdl, babosmmgdosb
domomo mgMadonmo @mbom, Edsmo mgMmsdonmo 0bgdbom, dgbmzol edsma batobboo ©s
bbgewabbgs g39G@ama Mgodooom [3,4].

bgImombndbymomsb god3m3enbaty, 39ML3gd@nnman dogohbogm smbndbymo 3Mg3oms@gdol
&odonco LGOYJGNMoal ImEogngd(3ns 536G 6L ogaBgdom [9]. aofms 3nbs, domgdama
bo@Mmobomomgdo LonbGgMgbms, Mmamm(y sbomo bo@MmsbomowyMo mogsbwgdo d-dg@omgdals
3MmBE0bs309mo bagmmgdol dobomgdsc.

53 80bboo RsGoaMgdmm 0dbs Bgbmmadol s@sdsbGomomgds 1-508356@0bmmom ©s 1-36m3-
5535680600 [6], 5053568 mJL0dg6bMEOlL Ba@GMaMgds s smmagbs Lbgowsbbgs Lob@gdom, sggo-
39 o 3o (sMom)mqbosbomnbgdols s(30moMgds JoMdmbIgsgoms Jmmmsbdnmomgdoo gdg sa3q96-
8900b 05bomdabolb:

_Fe/NHCLHO
Nt vd 3>dblibgemo
X —1

©—OH

L =

X =Br, OH. ¢}

—»@L @ @L @W—R

I1I-VI

R=CH, (Ill, R=Ph(IV), R=CH,Ph(V), R=Ad (VI).
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A 1
R—O@NHZ- Hol 2000, R—O@NH—C
X X VI-IX

R = CH,, C,Hs, X = H (VIL-VIII), R =4-CIC¢H,, X = CI (IX)
Ldgds 1. BmgngFan 305356856393 (339mn S6omaab bLobogba

5bobndbogns, Hm3 donmgds domamo LobyygMazalb dgbsdsdabo s gom(stam)mjbosbomnogdo
79-87% a53mbagmosbmdaon.
Rogo@otmgo smgom(stam)mjbosbomowgdol bo@mamgds 56-58% HNOs-0c» CH;3COOH-0b s69da
5-10°C-%y:
] (0]

R—O‘@*[\j H—l(!_RII %)? R_OQNH_E—R
X X NO.

HI-IX 2 X-XVI
bos(s, R'=Ad, R"= CH;, X=H (X); R'=Ad, R"= Ph, X=H (XI); R'=Ad, R"= CH,-Ph, X=H (XII);
R'=Ad, R"= Ad, X=H (XIII); R'=CH;, R"=Ad, X=H (XIV); R'=C,Hs, R"=Ad, X=H (XV);

R'=4-CIC¢H,4, R"= Ad, X=Cl (XVI)
Lgg3ds 2. 305356856373 (339m0 baGMmmobamowydab bLobmgba

ob0bmgbgdyma bogFmmgdal dgagbammds-smbogmds oagbom 0dbs nbgmsbomgmo ©s 336
L39dBMgdal Fmbazgdms Laggdzgmdyg. 0bgmsbomgma L3gd@Hgdo gowszomgm bL3gd@OHMBMEM-
398mbg FTIR - “THERMO NICOLET”, bemenm 336 b3gd@&Mgdo — b3gd@cmag8mgddg “BRUKER” AM-
360 (300 33(3) 0> UNITY-400 uppkemws 2 (400 33(3); memdolb §9339Ms@nfs asbbadmg@mm ofbs
bgmbobymdg BOETIUS g0bgomao dmbymdommdoom PHMK-05. Ggog00b dbgmagmmds, bogmms
bobygmegol 3MbGEmMmO s 0boozoEsmmds, sbgzg Re-0b 360d369cmmdgda 3ob3Lsdm3gM o JHmMBo-
BMaMogomo gomgndgdolb (Silufol UV-254, Silufol, Alufol) godmygbgdom. dsb-b3gd@Mgdn gowago-
0go bgmbsobymdg Ribermag 10-10B; ovgM3maagzndg@mogymo @s ©oggfMgbzonm-mgmdoggmo obs-
m0dob 8gomeom (gMozs@matmogo “Paulic, Paulic & Erdei”) 3530L6s3mgo @sbobogbgdam 3mme-
0B BagMmms mgfMm3mmada, bmemm gmgdgb@gdal 393(339mmds 3ob3LbsdmgH g 333y -
Lmbm3g@Mymo, g JNMdgE MmO s Poydsb dgmmegdoom.

3bMama 1. ©sbnbagbgdyma BsgFMagdab (III-XVI) dBmgngFoa mgabgds
©> L33d@MyYmo (06 s 336) Imby (393930

e, | Ry
& 394bob: | 06 L3ggd@Hgdoa, v, L3 'H 336 (DMSO-Dg) BC 336 (DMSO-
’c 9o, D)
1:1
3330(N-H), 3100, 3030 (C- | §9.82 (s, 1 H), 7.44 (d,J8.8Hz, | 8 167.8, 148.7,
I | 165- | 0,5 H s6m3.), 2908, 2845 (CH | 2 H), 6.86 (d, J 8.8 Hz, 2 H), | 135.0, 124.5,
168 Ad), 1650 (C=0), 1210 (C- | 2.11 (s, 3 H), 2.01 (s, 3 H), 1.75 | 119.5, 76.5, 42.2,
0-C) (m, 6 H), 1.55 (m, 6 H) 35.5,30.1, 23.8
3390(N-H),3050(C-H 5 10.18 (s, 1 H), 7.94 (d, J 7.0 | & 165.2, 1493,
IV | 160 | 0,41 o6md.), 2908, 2845 (C-H | Hz, 2 H), 7.67 (d, J 8.8 Hz, 2 H), | 135.0, 134.8,
Ad),1650 (C=0) 7.58 (t,J 7.1 Hz, 1 H), 7.52 (dd, | 131.3, 128.2,
J 7.0 Hz, 2 H), 6.94 (d, J 8.8 Hz, | 127.5, 124.5,
2 H), 2.13 (s, 3 H), 1.79 (m, 6 | 120.9, 76.7, 42.2,
H), 1.57 (m, 6 H) 35.5,30.1
3290 (N-H), 3030 (C-H |8 10.07 (s, 1 H), 7.48 (d, J 8.8 | & 168.6, 1489,
A 181- | 0,53 ofm3.), 2908, 2845 (C-H | Hz, 2 H), 7.33 (m, 4 H), 7.24 (m, | 136.0, 134.9,
182 Ad),1650 (C=0) 1 H), 6.87 (d, J 8.8 Hz, 2 H), | 128.9, 128.2,
3.60 (s, 2 H), 2.10 (s, 3 H), 1.75 | 126.4, 124.6,
(m, 6 H), 1.55 (m, 6 H) 119.5, 76.6, 43.2,
42.2,35.5,30.1
3420 (NH), 2950, 2930, | §9.01 (s,1H),7.52(d,J89Hz, | § 1755, 14828,
VI | 240- | 0,77 2850 (Ad), 1670 (C=0), | 2 H), 6.85 (d, J 8.8 Hz, 2 H), | 135.0, 124.3,
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. | Ry
& | 39dbob: | 08 L3g@Fgdo, v, b3 'H 336 (DMSO-Dy) BC 334 (DMSO-
‘c | gogfo, Dy)
1:1
241 1210, 1050 (C-O-C) 2.12 (s, 3 H), 2.01 (s, 3 H), 1.89 | 120.7, 76.5, 42.2,
(m, 6 H), 1.76 (m, 6 H), 1.70 (m, | 40.7, 38.3, 35.9,
6 H), 1.56 (m, 6 H) 35.5,30.1,27.6
3290 (NH), 3050 (C-H |88.95(s, 1 H),7.52(d,J9.1Hz, | & 1754, 155.0,
VI | 178- | 0,6 56md.), 1640  (C=0), | 2 H), 6.84 (d, J 9.1 Hz, 2 H), | 132.3, 121.8,
179 1230,1035 (C-O-C) 3.71 (s, 3 H), 2.01 (s, 3 H), 1.89 | 113.4, 55.0, 40.6,
(m, 6 H), 1.70 (s, 6 H) 38.3,36.0,27.6
VII | 206- | 0,4 3290 (NH), 3050 (C-H
207 oGma.), 2930, 2908, 2834
(C,Hs, Ad), 1640 (C=0),
1230,1035(C-0-C)
8 1.704 (6 H), 1.9 (6 H), 2.02 (3
IX | 176- | 045 3290 (N-H), 3030 (C-H | H); 6.90-6.92 (dd, J 8.94 Hz, 1.5
177 56md.), 2908, 2845 (C-H | Hz, 2H); 7.143-7.161 (d, J 8.87
Ad),1650  (C=0), 1530 | Hz, J 2.45 Hz 1H); 7.381-7.399
(C1),1250 (C-0-C) (dd, J 8.94 Hz, J 1.5 Hz, 2H);
7.654-7.677 (dd, J 8.87 Hz, J
2.45 Hz, 1H); 8.025-8.030 (d, J
2.45 Hz, 1H); 9.33 (s, 1H)
X | 119- | 042 3090 (C-H o6md.), 2916,
122 2854 (CH, Ad), 1650
(C=0),1350 (N-0), 1250
(C-0-C)
X1 | 151- |08 3447 (N-H); 3090 (C-H
153 o®md.), 2915, 2854 (CH,
Ad), 1681(C=0), 1342 (N-
0), 1265, 1234 (C-0-C)
XI | 127- | 0,65 3317 (N-H); 3108, 3070 (C-
130 H s6md.), 2908, 2854 (CH,
Ad), 1697 (C=0),1334 (N-
0), 1272, 1234 (C-0-C)
XII | 172- | 0,86 3448, 3371 (N-H), 3090 (C- | §9.75 (s, 1 H), 7.75 (d,J8.8 Hz, | 5 211.1, 1758,
174 H 56m3.), 2928, 2850 (CH, | 1 H), 7.51 (d, J 2.6 Hz, 1 H), | 130.4, 128.0,
Ad), 1689 (C=0), 1342 (N- | 7.34 (dd, J 8.8, 2.6 Hz, 1 H), | 125.8, 120.0, 78.6,
0), 1265, 1242 (C-0-C) 2.15 (s, 3 H), 2.03 (s, 3 H), 1.76 | 41.9, 40.6, 384,
(m, 24 H) 38.1, 35.9, 35.9,
353, 30.1, 274,
273
XIV | 134- | 0,65 3278 (N-H), 3090 (C-H|5§9.62(s, 1H),7.65(d,J9.0Hz, | 5 1756, 1557,
135 >6md.), 2908, 2846 (CH, | 1 H), 7.49 (d, J 3.0 Hz, 1 H), | 142.8, 1273,
Ad),1650 (C=0), 1581, | 7.30 (dd, J 9.0, 3.0 Hz, 1 H), | 125.0, 120.3,
1350 (N-0), 1288, 1249 (C- | 3.83 (s, 3 H), 2.02 (s, 3 H), 1.88 | 108.8, 55.9, 40.5,
0-0) (m, 6 H), 1.70 (m, 6 H) 38.2,35.9,27.5
XV [ 133- [ 0,73 3379 (N-H); 3090 (C-H|359.61 (s, 1H),7.65(d,J9.0Hz, |5 1756, 1550,
135 56md.); 2930, 2908, 2854 | 1 H), 7.46 (d, J 2.9 Hz, 1 H), | 1427, 127.2,
(C,Hs, Ad); 1650 (C=0); | 7.29 (dd, J 9.0, 2.9 Hz, 1 H), | 124.9, 1207,
1581, 1350  (N-O); | 4.10(d, J6.9 Hz, 2 H), 2.02 (s, 3 | 109.3, 64.0, 40.5,
1280,1056 (C-O-C) H), 1.88 (m, 6 H), 1.70 (m, 6 H), | 38.2, 35.9, 27.5,
1.34 (t,J 6.9 Hz, 3 H) 14.3
XVI | 168- | 091 3290 (N-H), 3030 (C-H
170 5Gmd.), 2908, 2845 (C-H

Ad),1650 (C=0), 1530 (CI),
1342 (N-0), 1250 (C-O-C)
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LobGgMgbm 0ym abNbmgbgdmmn 9s356@063d93 (3390 boGFmsbomngdal, Mmamei(3
sboma §03alb moasbogdal 33568 mM-dodoymo obsboomgds (9bgMag@ngnmo s ggm3dgd-
Gommo Jobsboomgdmagdolb oggbs, s8m3gddy 959G NG0 3bEgdol 3obbabmgzMs). mgm-
Aonmom absmggbo nym, safgmgg, o9 Hmamo 046gdmes bo@Mafgdals Mgadoal bagss-
om JodsGogmgds s Mo MHmeb 0msdsdgdws boGmmxanyal dgdstgmds bodMmmabomoa-
©960b domad@onEmdabs s d-dg@omgdmsb 3m33mygdLbscdmJdbol mbstidoa.

33968 M-JodogGn asmgmgdo dggzobemmgmn CS MOPAC-ob (Chem 3D Ultra-version
8.03) bodmamgdoon AMI (Austin Model 1) 3gomeom (3b6. 1 s 2) [7, 8].

dmEgma® Mgodose dgzemBogo 4-(3-dmm®maggbmdbo)-3-Jmme-N-(1-5005356@mam)-
sboemool bo@Momgdal Mgodzns:

;3 ﬂ@ HN03< c NO,
Cl@o NH—C |
cl @ ﬂ@
c14@»o NH—C
al
I

Lggds 3. 4-(3-JemmARgbmdLa)-3-dmmA-N-(1-503356@mam)sbomawal
6ogMaMmgdab ImegmayMa Mgsdnab bjsgds
m38080boMgdymn  4-(3-JmmOBg6mdLo)-3-dem@-N-(1-508356@mom)sbomowol 3D
dmEgmo dm393mos bob. 1.

‘IQBJ

6sbsda 1. 4-(3-JemmFg396mgba)-3-Jmm@-N-(1-305356@mam)sbamowab
3D Im@gea

bobgzfo gd3nManmoa dgommaomn AMI go3006a560dqm babynbo bog@moals dmeg 3mmado
(65b. 1) 98394& M0 FnbBgda, s@mImnsdmEabin dsbdomygdo s bogamgb@m gmombggda (b, 2-
4), 695396@0b, dgbodmm 3Mmend@os bomdmgdbol Lomdmgdo (AHges.) © Ggodonb
LoedyMo 989J&0 (AHg,sy.)-

4-(3-JemEggbmqL)-3- Jmm@-N-(1-008856@mam)sbomowals dmemg3mmado bagomabgm
Jgobggda C-C-C 396Dmmolb  bdocimggddo 118-120°-0b gomgmagddos (b, 3), Mo
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bobdomdowal s&mdab sz-éobﬁoQo%oeoob damdomgmdal dggbedsedgds. ymombggda C(2)-
C(1)-N(8), C(6)-C(1)-N(8), C(9)-N(8)-H(38), C(3)-C(4)-O(7) o> C(5)-C(4)-O(7) osgtgm3g
dggbedadgds Dgdmambadbymo 30oGn@nds(300L &0dl C s N s@mdgdobamgal.

GbGomo 2. 58mInMa Isbdamgda 4-(3-JmmAgq6mdba)-3-JmmM-N-
(1-303356@mam)sbama@ab Img 39ems3a

s&m3gda 330l >&mdgdo 330l 5&m3gdn 33als

boadg, A boadg, A boamdg, A
C(1)-N(8) 1.401 C(12)-C(13) 1.525 C(18)-C(20) 1.548
C(2)-C(3) 1.388 C(12)-H(37) 1.118 C(18)-H(47) 1.121
C(2)-H(35) 1.103 C(12)-H(38) 1.118 C(19)-H(48) 1.118
C(3)-C(4) 1.404 C(13)-C(14) 1.525 C(19)-H(49) 1.118
C(3)-C1(21) 1.713 C(13)-C(20) 1.527 C(20)-H(50) 1.118
C(4)-C(5) 1.406 C(13)-H(39) 1.120 C(20)-H(51) 1.119
C(4)-0(7) 1.392 C(14)-C(15) 1.526 C(22)-C(23) 1.400
C(5)-C(6) 1.371 C(14)-H(40) 1.118 C(22)-C(27) 1.405
C(5)-H(33) 1.103 C(14)-H(41) 1.118 C(23)-C(24) 1.389
C(6)-H(34) 1.102 C(15)-C(16) 1.517 C(23)-H(29) 1.102
O(7)-C(22) 1.394 C(15)-C(19) 1.527 C(24)-C(25) 1.397
N(8)-C(9) 1.390 C(15)-H(42) 1.121 C(24)-H(30) 1.101
N(8)-H(36) 1.004 C(16)-H(43) 1.119 C(25)-C(26) 1.399
C(9)-0(10) 1.246 C(16)-H(44) 1.119 C(25)-Cl1(28) 1.708
C(9)-C(11) 1.537 C(17)-C(18) 1.528 C(26)-C(27) 1.390
C(11)-C(12) 1.537 C(17)-H(45) 1.118 C(26)-H(31) 1.102
C(11)-C(16) 1.533 C(17)-H(46) 1.118 C(27)-H(32) 1.102
C(11)-C(17) 1.536 C(18)-C(19) 1.505

98998960 Igb&qdab sbsemobabol (566. 4) Rsbl, ™I gmgd&Hmbgdalb yzgmady oo
9B 3080m babosmmgds babdamdawals C(9) s@mBa, Moz dgndmgds soblbsol ol jogdnfMom
demag gmgd@mmgstgmano N(8) oo O(10) s&mdgdmsb. gmgd@mmbgdalb mnwo wggazadom
babosmmgds sbgzg bobdomdaowal C(1) s C(4) 396bmmal (5) doGmgzdo gmgd@mmastymaom
N(8), O(7), ClI (21) 58m3gdmsb domo 3ogdofalb asdm. 39bdmemal (s) doMmzdn C(2)
bobdomdowal s@m3msb guqd@uco 3bGob Lowowgs — 0.23315, boemm C(6) babIocdowal
5&™3mob —0.20288. bn@Hocgdalb Mged300lb 3Gm39Ld0 sSBME 0L s@mBa (bab. 1) 9@ 935l gobs-
b (309mgdLb mGEom gdstigmdol C(2) bobdomdawal o&mdmsb.

Lobyobo 4-(3-JmmEgggbmJLbn)-3-Jmm@-N-(1-508856&mam)sbomnnl Bocdm4dbals boor-
de AHg,gs. = — 220.16 35%5/3meo. Ggog300b bogsmomom 3Mmend@os botdmjdbal bomdmos
a0dmmngmad 330h396s, B3 bo@Mnfgdol sbadbyma Mgadzool dgogasw Bocdmngdbgds 4-
(3-JmmEB9bmdLo)-2-608Hm-3-Jmm-N-(1-505856@mam)sboemowo (I = bjgds 3), GmBeal
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AHgea= —175.60 3%/3meo (Il bogHobbomdmddbol Loodm AHg,s.= — 166.90 3%/dmemo —
Ldgds 3). o gdamon Iggagdo bEE dqbsdsdobmdsdas 'H 336 b3gd&Emm Imba(393gdmab.

gbGomao 3. 3omgbGFa 3mbgqgda

4-(3-JemmAgggbmgba)-3-JemmA-N-(1-503356@mam)sbamapab Immg 39ms3a

>&mdgdo Jaobyg, >&mdgdo Jaobg, >&mdgdo Jaoby,
afonbn afonbo acobo
C(2)-C(1)- 117.845 C(11)-C(12)- 111.048 C(17)-C(18)- 109.526
C(6) 118.065 H(38) 109.805 C(19) 109.167
C(2)-C(1)- 124.090 C(13)-C(12)- 109.129 C(17)-C(18)- 109.294
N(®) 120.857 H37) 106.973 C(20) 108.909
C(6)-C(1)- 119.335 C(13)-C(12)- 109.473 C(17)-C(18)- 110.080
N(®) 119.808 H(38) 109.534 H(47) 110.076
C(1)-C(2)- 121.085 H(37)-C(12)- 109.479 C(19)-C(18)- 110.186
C(3) 118.015 H(38) 109.364 C(20) 110.095
C(1)-C(2)- 120.898 C(12)-C(13)- 109.018 C(20)-C(18)- 109.109
H(3) 117.316 C(14) 110.163 H(47) 110.385
C(3)-C(2)- 122.348 C(12)-C(13)- 110.159 C(15)-C(19)- 106.935
H@3) 120.321 C(20) 110.213 C(18) 109.483
C(2)-C(3)- 122.541 C(14)-C(13)- 110.284 C(15)-C(19)- 110.156
C4) 118.887 H(39) 109.997 H(48) 110.054
C(2)-C(3)- 118.571 C(20)-C(13)- 106.990 C(15)-C(19)- 110.319
Cl(21) 120.347 H(39) 109.439 H(49) 106.912
C(4)-C(3)- 121.458 C(13)-C(14)- 109.355 C(18)-C(19)- 120.202
Cl(21) 118.192 C(15) 109.997 H(48) 120.814
C(3)-C(4)- 118.192 C(13)-C(14)- 109.439 C(18)-C(19)- 118.981
C(®) 113.937 H(40) 109.355 H(49) 121.179
C(3)-C(4)- 113.937 C(13)-C(14)- 109.812 H(48)-C(19)- 119.111
O(7) 130.901 H(41) 108.758 H(49) 119.710
C(5)-C(4)- 111.117 C(15)-C(14)- 109.462 C(13)-C(20)- 119.524
o(7) 117.982 H(40) 109.571 C(18) 119.518
C(4)-C(5)- 123.046 C(15)-C(14)- 110.187 C(13)-C(20)- 120.958
C(6) 115.177 H(41) 110.225 H(50) 119.813
C(4)-C(5)- 121.777 H(40)-C(14)- 109.761 C(13)-C(20)- 120.269
H(33) 109.913 H(41) 109.973 H(51) 119.918
C(6)-C(5)- 110.202 C(14)-C(15)- 107.092 C(18)-C(20)- 120.515
H(33) 109.677 C(16) 109.932 H(50) 120.592
C(1)-C(6)- 109.477 C(14)-C(15)- 110.965 H(50)-C(20)- 118.888
C() 108.980 C(19) 109.955 H(51) 119.979
C(1)-C(6)- 108.648 C(14)-C(15)- 109.193 O(7)-C(22)- 119.274
H(34) 109.886 H(42) 109.765 C(23) 120.741
C(5)-C(6)- 109.950 C(14)-C(15)- 106.980 O(7)-C(22)-
H(34) C(16) C(27)
C(5)-C(6)- C(14)-C(15)- C(23)-C(22)-
H(34) c(19) C(27)
C(4)-0(7)- C(14)-C(15)- C(22)-C(23)-
C(22) H(42) C(24)
C(4)-0(7)- C(16)-C(15)- C(22)-C(23)-
C(22) C(19) H(29)
C(1)-N(8)- C(16)-C(15)- C(24)-C(23)-
C() H(42) H(29)
C(1)-N(8)- C(19)-C(15)- C(23)-C(24)-
H(36) H(42) C(25)
C(9)-N(8)- C(11)-C(16)- C(23)-C(24)-
H(36) C(5) H(30)
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>@mdgdo Jnoby, >@mdgdo Jnoby, >@mdgdo 3noby,
atonbo afonbn acobo
N(8)-C(9)- C(11)-C(16)- C(25)-C(24)-
0(10) H(43) H(30)
N(8)-C(9)- C(11)-C(16)- C(24)-C(25)-
C(11) H(44) C(26)
0O(10)-C(9)- C(15)-C(16)- C(24)-C(25)-
c(1n H(43) Cl1(28)
C(9)-C(11)- C(15)-C(16)- C(26)-C(25)-
C(12) H(44) Cl(28)
C(9)-C(11)- H(43)-C(16)- C(25)-C(26)-
C(16) H(44) C(27)
C(9)-C(11)- C(11)-C(17)- C(25)-C(26)-
c(17) C(18) H(31)
C(12)-C(11)- C(11)-C(17)- C(27)-C(26)-
C(16) H(45) H(31)
C(12)-C(11)- C(11)-C(17)- C(22)-C(27)-
c(17) H(46) C(26)
C(16)-C(11)- C(18)-C(17)- C(22)-C(27)-
c(17) H(45) H(32)
C(11)-C(12)- C(18)-C(17)- C(26)-C(27)-
C(13) H(46) H(32)
C(11)-C(12)- H(45)-C(17)-
H(37) H(46)

bobgzfogd3dnmogyma 3356@M-dndnnfa AMI dgomeam godmgmgasmago sgcgmgg AH-
ob, 8obo  bo@EmMbogmmgdolb s dyemgoyMa  3MmEnd&gdolb  (AH-ob  3m33emgdLo
3obo@M0mgdgm  boMgzmsb) Bs63mddbol gbomom3ngdo. AH-ob Bo@fMofmgdob 3Gm(3gbo

a56boemos dgdmaggn Mgodznnom:
AH +NO," + HSO, — ANO, + H,SO4

Lobyobo Bsbdoema AH-0b BobdoMdowal s@mdgdbs s bo@Mmmboydol ombol sbmEnb
3&maLb dmGal (Ren) omgdemma oym 2.50 A. NO, -0l dnobmmgds AH-0b dmmgnmabomeb
be@(309m©gdmes 0.05 A-0060 dogom. Moz d9qbgds JoEmbmmesd-s60mbl, 356dagmn dabin
956330@0b o@m3Ls s AH-ob 3mmgggmal Robobs(zzmgdgm Bysmdawolb s8mdgdl dmal

3(306095mEs Ren-0b (33mmomagdols bobjGmbamaw.

abGomo 4. 983G nn IqbGgda
4-(3-dmmEg96mdLn)-3-Jmm@E-N-(1-303356@mom)sbamnwab dmemg 3msdn

s@mdo | dqb@o >&mda dqbdn >&mdn 3b@o >@mda | Igb@n
c(1) 0.10404 C(9) 0.38497 C(16) -0.22828 C(23) -0.18751
C(2) -0.23315 C(11) -0.08632 c(17) -0.23910 C(24) -0.16605
C(3) -0.04126 C(12) -0.23775 C(18) -0.16030 C(25) -0.08462
Cc4) 0.03545 C(13) -0.16102 C(19) -0.24526 C(26) -0.16718
C(5) -0.16977 C(14) -0.24443 C(20) -0.24527 C(27) -0.19257
C(6) -0.20288 0.05010
C(15) -0.16405 C(22)

LobEGg3ab gbmam3nals (33momgdols sdm 3ogdamads 3938930 bobaems 3ol — NO, " -0l
3obdomdg a30R39698L, H™3 mEngg 3g8mbzggzedo mzobmdmnga byGasma gmoa s ngoggs. gb

©5dm30gdnmgdgdo dm3gdygmoas bob. 2 o 3.
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6aboba 2. g6mdsm3nnb (AH) @s3m3omydyemagds
6954 300b (Ren) gmmAnbs@ by 6-6ogMmmsbamapabsmgals
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Ry A

AH, gx/dmgo

6sbsba 3. g6mdm3nnb (AH) 33m 30093 magds
954 300b (Ren) 3mmAnbs@ by 2-6ogMmmsbamapabsmgal

LobEGY3ab gbmsm3ns absbynlbdo abMpgds Reny = 2.05 (2.15) A 360336emmdsedwy, Mol
dgdmgasi ob Bmbm@mbyMaw d(30Mmgds. 3@ 0gd300l gbgHans 6-boBHmbabamdnbamgals
39500396 AAH" = 71.0 3-b (Ren = 2.05 A), b 2-608GmbaBomdaboomgal AAH” = 100.8 3%-b
(Ren = 2.15 A). m0gg 398mbg93530 bo@mamgdal 36m3gbo 93 dmmgmdsmas (AAH = — 266.4
3R ©5 AAH = —296.2 3% 3gLsdsdnbow). s3d@0go300b gbgManabes s Bs63mddbal gbmam3nals
bogmgdo 360d369mmdgda 2-60@EmMbsbomdol Bo08mdd6ol dgdmbggzeda dommomgdl 3
3085G0mgdoo Hgad300L asbbmG30gmadol 3g@ gL smdommdodyg, Moy gqbedsdgds 'H
336 L3y @ dmbao(39d9d0.

B0bobBamn godm3gmg39dnm ©ag50a0bgm, MH™A3 Bomgdamo bagGHmsbomawgdn dgadmgds
203m3049bmm, Bmgm(s sbomoa Mgsd30obunbstnobo moasbwogda d'%-89@8smgdal 933390
d0magd@odo gmmEnbszonmo bogmmgdal dobomygdsc.

Lo06GgAHILM 0gm 505356E 60l 65BsGIgd0l dobodyg d'%-89@omgdals 3983390 3memo-
#9964 (309960 gmmBabazonmo bogmmgdal babmgbab dgbadmgdemmdals ewggbs [10].

dlo—ag@)omgbnb (Cd) 3m33mgdLbogFmmgdal @sobobomgbgds dg3g3egor Bz9b6L dag®
obobmgbgdamo  bogMmabomowgdal  3odnndol  0mEsGgdmsb s  3MM3sGgdmsb
QON0gM0 390900  L30MEBYsmbLEsMdn. Jg9dmo  Im3gdgmoas Mgogdiool  LogsMomwmm
bdqds [10]:
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Ro@wmo—m + Cd(RIDz)y —= RO \:\/ MHC

-\N D2 L
[NO7CdF Oy, ]

i

R =CHs CHs RI=7 Br

Lgg3s 4. 5005356856373 (339mm0 baGFBmmsbamagdnb dm-aa@.bqngaob (Cd)
3m33mgqLbsgMmmgdab Lobagbab Bmaswa bjgds

boggmago bogMmgdal dgmagbommds-smbogmdal obswagbo Rs@omgdym odfbs 06
L3gd@OMLIM3nma godm33mgge, Mol gEgasEs(3 ©oEanbws, Mm3 dsmn 06 L3gd@Mgdo
(gb&. 1) bobyobo 3Em@YJ&gd0b bgagbos. 0mEsG-0mbob V5(E) obsbosmgdgma dmea dys
d0amomgmdsdo d909R6ggs 745-750 L3 3s6da [11, 12]; s6rmIoGymo dotngal Jgbodsdabo
3015601430l Dema, v4(E), asymagamos me 3m33mbgb@sw, 3o4badvdgdom 750 b3 s 730 L3,
653 Jogmomngdl 0dodg, Hm3 103~ s 3o330Mgdggmons 3903043meb. Jomgdamo 3m33mgdLbos-
960930b 06g3GeB0mge L3]G 930 boGBMxanBol sFsbobosmgdgmo bobdomy, 1342 L™,
abeohgds m& 3Gebmnddal dmmow 1504 b8'1ggo 1311 L8, (3 Bomomgdl bogeHmganagab
MMM b (3g&omdgd(339m) BMoa396@ b 3m3daba(3nady.

ogfdgma  sbomabal dgommomn @owagborm agbs mg@dmmabals 89335 Mema
0b@gegemgdo s saMgm3g sbobmgbgdmmo bogFmmgdalb dpaFomds.

3omgdamo 3m33mgJbbogmmgdo 165-400°C-0b 0b6@ghgomdn 3o6aagh oogobo dsbol
58.4%-b, 3gMdme o3 Ggd3gMmeGnEnm 0bGgMmgomdo brgds dmmgznmol mEasbymo
bobomab gb&®edsos (mgmEanea — 58.1%).

Moo 303065 ML sMomMasbamo gMeadnb@ob mgmdmemaba, dsgsmoma, 400-
460°C 85339Ms@ e mm 0bGgfgomdn 390do9dal 3md3mgjbal 3obol sbsgotan dgomagbl
16.6%-b, Go(3 Iggbo@yzobgds I,0s-0b dmoemgdsl (mgmEagemo — 16.4%).

mMaobamo  gMeadgb@olb dmbmafol dgdwmags w@oMBgboemo  3oBondal oma@ab(V)
0gcImmado dgaz0dmos bomdmgoanbmm 3g3ga Mgodnsms ghmmdmomdao:

Cd(103)2 — CdO + 1,05

L,05—>210,+1/2 O,

2 102 - 12 +2 02

580°C-bg 96mgngd@&n 3g9bodsdgds 3930930l mjbowal BatdmJdbsl. dobol ©sbs 3om-
30 390003960 9.5% (gmGogmo - 10.0%).

mg dggagdn LadMomgdal agodmgsl agsbyzgbom, Hm3 bsggmgso bogmogMgdal mg@-
dmmobo 303nbsmgmadl dgdwgan bjgdob dgbodsedabac [13]:

1]
V\‘ 1635-400°C A00-460" szl
RO —NHCO —~ ) —— 4R, = CdD .

R 3o,

H[HOg CdR05,]

Lggds 5. 5033568563393 (3390 baGFmmsbamagdab
dw-aa@waaanb (Cd) 3m33maggdLbsgMmmgdab mgMdmemabab bggds

bgdmom dm@obomoa L3gd@FM Mo, ogyMabzoYm-mgMdgmn ©s MmgMmINmaMmsz03gE)-
o s6smabal Iggagdolb dobgwgno dgadmagds gogomeomo, Mma domgdama bogomngfg-
3980b bLEONIB YOS Mgodnob bmgsw bigdsdg dmzgdmal n@gbEmEas [10].

©3LOLEYM, 5036036530, HMI 306500056 Jo3nydals bagMomgdo bobnommgds bsjdomm
domomn godommmaonfo sd@oMmdom, b gogsMeyomo, Mmd Rzgb JogH ©obab-
0gdgdnm 3m33mgdLgddo MM sbym-sEamMasbnmo BMsgdgb@gdalb s boGmmasbomawnoa
©ORANBIO0L M3b53Ymymds J0g3 YBO™M gobEMEAL Jom FsMds zmemmaon@® dgdmJdgogdsb.
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NEW ADAMANTANE-CONTAINING NITROANILID LIGANDS FOR COMPLEX-
COMPOUNDS OF d-METALS: SYNTHESIS AND QUANTUM-CHEMICAL INVESTIGATION

KH. BARBAKADZE, N. LEKISHVILI, T. LOBZHANIDZE, R. VARDIASHVILI,
D. ZURABISHVILI, Z. PACHULIA

Ivane Javakhishvili Tbilisi State University

Summary

There were carried out the modification of anthelminthic preparation - Fenacetine, Trinoine,
Diamphenetide, Raphoxanide by adamantilation and adamantoylation of O,N-atoms, particularly, the
adamantylation of phenols with 1-adamantanole and 1-brom-adamantane, nitration and reduction of
adamantoxybenzene with various systems, acilation of alkyl(aryl)oxyanilines with carbonic acids’
chlorine anhydrides in the presence of basic agents. By using of model systems quantum-chemical
investigation of adamantan-containing nitroanilides have been carried out. By interaction of
synthesized adamantan-containing nitroanilides with cadmium iodates (bromates) it was established
the posibility of the obtaining of new kationic-anionic complex compounds of some of d-metals.
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SM3NIA010 d-33SINL 3NMTMI3NIVAIR dI&NIVMN 3MMHERNEIBNIRN 653601330
0RI396B06-1-3063MBITI3IL 3NRAHIDBNRNL 3dDBIDBI

6. R33N330N, b. 39/39JddJ, 3. BN6BOJI

03. ®og35badgomal babgermmdal
»domabol babgm3bogm ¢boggmbogg@on

3b0bmgbgdnmos  5©5356@0b-1-3566mbgsg0lb  3nMobowal  doDody  d-dg@omms
bLboo  dofnmgdals sbomo  3mmEEabsomo  bagMmgda.  dgbbsgmoamons  Lbgssabbgs
3dd@™Mgbab (8g33gGo@ s, Lobgol 3mI3mbgbGms ImmuEn Mmsbogemmds, 3m33mgdL-
6o63m3J3bgmob G 0dn) gogmgbs Bomdmgdbamo bogHomgdol smbogmdabs s gsdmbsegmasbm-
b5y, safgmgg domo dmangMon godogn@-dodona mzabgds. domgdyma bagMHogdol
0398mgds @e@aqbomos ob b3gd@Mmbgm3nnmo s MgMImamagadg@Momo dgmmogdol
Lodmamgdom. 65R3965800, HMI MRS mgsbnl dmmgzmms g@omgdol (396@Msmn@
5&™MIgdmab 3mmM@nbofmgdamos 3oMdmbomal ganaol gobadsws@madabs @s sdmIgmabyo

RaNBoL 3bME b 5@mIab 3gdz9mdom (303 M-00g6E96G M.

®5653906Mm3g  399m 33396000 3960 0465, MM3 50s356@ b0l Mogol SDmE-
dgd(339m0 BamImgdamada godmamfgznsb ¢bogomuin goMdszmmmaano sd@nnmdom,
dom dmcab 0hgbgb (3mazzab 306Lob, s@sdnsbal ndnbmoggnzedco 306bol sdmEgnb-
39 3mg3ggdsl [1, 2]. sembabadbagas, HmI s@sdsb@sbgdols Bomama dammmaona o&ne-
mds 30dmbggmmos domn 8338MebmEBEMINEmmdom ©d 03bmEHmm3Mmn 8mddgrgdoom,
bdo@ dgdmbggzedn s@sdabGoamol xameal dgyzebs dommmaoyGem sGoyc bBogMomms
dmmgggmsdn 0b3g3b 3Mg3scs@olb Gmdbognmmdol dgd3069dsl s FOM3s3memaayo
3mg8909d0L  aodmogfMgdsl. ombndbymoal gsdm, 5w©835680635MdMB3gsg0ol as8myqbgdom
dmog0(306093m0 0dbs: 5b@ndom@oz9da, amagmdowgdo, bEgMmawgdo s bbgs [3-7].

0@ gMoGNensb (3bmdamons, Bmd dgMgmmmogsbmnsba 3m33mgJLbogfmgda babnso-
096056 domammo b3g30x03960 dommmaonma g8 oMmmdom. 3560L365m0 bemgdol dsbdaem-
B Logommggmmadn 068 gbbogMo gomommgds 396Mdmbagsgams doMmabomgdal s JnMo-
Bmbgdob d5badg Bomgdymo 3mmEmEabszomo bogfmmgdol god3mzzmggs [8, 9].

bg3mombadbymoesb  gsdmdwnbofy, 3gML3gdGoymon  dogohbogem 08356 0b-1-
39M3mb3go30L 30MobaEal, Mmamms MMasbnmo mogsbmalb s bmgogMmo d-8g@omal
dofnmgdol 85Doby sbomo 3mmEEObs(30mo BogMmgdol 3abbmdMagzn bobomgbo Hmame(s
ongmGogmo, obg 3Gog@0gmmo gs3mygbgdol mzgambsbdabom, gmgd@Hmbmombmmmma ©s
RO IMBMEMEO 536G obal Mowngamol asgmgbals dgbBogmos bagMomgdals Ggadsoab-
1656056mdaLs s b3g(3058039M dommmann® sd&onmmdsdy.

B39bL 98m(3060L BoMB8maagbms 55356@0b-1-3566mbygsgol JnMabawals dsDobdy
Bdmgngtma d-dg@omals gmmEEabszogmo BogHmgdol bLobomgbol dgomegdol ©sdydaggds,
Lbgoabbgs god@mEgdal (&gd3gGe@nes, babyal 3m33mbgb@omes dmmuyMo mebsgsfomds,
3M33mqdLbsmamdddbgmol  §ndn)  asgmgbol  dgbBogms  Bomdmgdboemn  BagHogdol
5bogmdabs s 398mbagmnsbmdadg abobmgbgdyma bagMmgdal s39dmmgdal owagbs b
L3gd@OMLIM3nma s MgHIMaFsgadg@Mmomn dgommeEgdal Ladysmgdom, domsgd oo
ogabgdgdal 33mage.

3mdam@ab(ll), 6o zgmoab(ll), b3amgbdab(ll) s 3o@daymdab(ll) BmangFma oMol gmme-
©0bs30mm bogMmoms Lobomgbo MMasbmm Mogsbmsb gsbzsbmMsngmgm mE g@odswm:

1. m@g560mo mogobeol Lobmgba: 5©356@56-1-35603mMbB3gsg30L JoMsDan domgdym
046o 0@8356@§0b-1-3508mb3gsgal gmgFogogsgnom 3mbs. gmao®mdgegol mobomdobal wo
30mgdmmo 5d356@)06-1-30603mB3go30L gmamoalb gogmob 3nEobobmmaboo ogmamgb-
amogmeob s gdo:
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(0]
HZSO4 H,N-NH, H,0 “
2 2 2
COOH + C,H;0H TZO’@—COOC% — C —NH—NH,
bggds 1

2. w6569 mngobmsb d-dg@omms dofamgdal gEHmogomdgogds:

) 505356@06-1-3563mb3yo30L JnMabaobs (L) s d-8g@omgdals datamgdols (MX,)
MOHN09MJ390gd0L 35@9Mgdm0m gmebm-Bysmblbbscdn Bymaob sdsbsbadg 5-6bo @Mmoa-
mob 306mdgdd0 (Immyco mobogamomdoo MX, : L — 1:1 s 1:3), g0dggomgamyg bbbo@lb go-
ym3b9d0m 3M0bEmodeGmmdo, 2-3pmnb d33wgg gsdmymagom 3MabGomgdl 3g0m@Mog-
0, 3609369300 S 353MMdEom 3539938-9Jbogo@mMda CaCly-dyg:

0
I

| | 905bm@-Fyseblibs®o
MX, + 3 C— NHNH, Caste ~M C— NHNH, | X, " kH,0

m
M = Cu, Cd, Co, Ni; X =Cl, SO4, NO3, CH;COO; n=1,2; m=2,3; k=0, 1, 2.
Lggds 2

03039 ©gogdioob LabE GGy oMgdo (pH = 9) Ro@omgdabsl donmgds w@gd3mEm-
BoMgdmmo mMasbmmn mogsbonb 933390 3m33mygdbo M(L-2H) - 3H,0.

) 5005356@0b-1-300M8mbIgs30l JoMsbawabs (L) s d-3g@omgdalb dotnmgdals (MX,)
MODN0gM0 73709856 3989073000 5(39@™B-6goblbocdn bymnsb s35bsbsdg 5-6Lm mo-
mob 30MHmd93dn (BmmnFo msbogsmomdom MX, : L — 1:3), as3ggomgomyg bbbsmb goymg-
65300 3G0LGsmaDoGMEdn, 2-3 mal dgdmga aodmymaar 3GobGomgdl 3gom@Mogonm,
3693603000 ©s 39dMmdam go39m3d-g4boge@mEmdn CaCly-by:

>39O ™6-Fgomblibodo
t, 4-5Lbom o C_NHNC(CH3)2 Xn “k H20

MX;+3 C—NHNH,

m
M =Co,Ni; X=Cl, SO4, NO3;n=1,2; m=2,3;k=0,1, 2.
bgg3s 3

domgdamo Bogfmgdo BoMmdmopaqbl Lbgswabbgs ggfal bzMomMab@oma® bogomoa-
9690938L,  3m33mygdLBsmdmdJdbgmn  dg@omal  dbgdowsb gsd3mdabamyg, Mm3mgdacs
393006 56 0dmgd0sb 3obbadmgMm 8933gMsGnMady.

©3L0bmgbgdymn bogHmgdal sgqdymgds ©agseanbyem 06 L3gdGHMbymM3onmo ©s
0 gMHIMas3039@M0mmo s6smobal dgmmegdoom.

0bgMsbomgmo (06) b3gd@Mgdo gosmgdymos b3gd@mmum@madgEmdy FTIR — “THER-
MO NICOLET” (400-400013"), Ge-0ls 306308 93bs @5 3oDgemnbob bgodo [10]. ogGHdmasego-
dg@Gogmo 33mgaze RoGomgdam 0dbs abagcnmo gocmds MOM-ob Bocdmgdol F. Paulik, I
Paulik & L.Erdey-ob Lob@gdalb Q 1500D §0n30b gfogs@matondy, aoibgmgdalb boRdstg
10°/600. mmmdal  §g33gGs@ncs  aobbadmaMmmoas bgmbobymdg Boetius, 30bmsmaco
dmbymdoemmdoom PHMK 05 ©s demm3bg.

3bnbmgbgdamo 3m383mgdLgdol ©d 5@eds6ES6-1-35MEMB3geg0L doMsbawal dmsb-
ogdab 06 L3gd@Fgdol obsmaDds sA396s, AMI MEasBmo mngsbmals Immgsmms, dg&o-
m9d0b (396@G oMo 5&mIgdmab gmmMmnbafgdymos JoMdmbamal gamial gobadows@m-
dabo o sDMBgmabymo gamgol sdmE0b s@mdal 3gdzgmdam (303mmnM-d0gbEs6EMac:
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M

|
Z

1]
\j

AN
Pis

CH; CH,

bgas 4

doonma(s, 3m33mgdbbsgomms b3gd@Mgdda 3oMdmbamolb ganxolb LagemgbGm Mbgzal
v(C=0) 39L58530b0 JNobm 3ol Beamol Fg3(3069ds [AV(C=0)=30-4003""] Mogolyygsm moash-
™6 3gsmgdom d0m0mgdl, Hm3 mMmasbamo mogasbmn dg@omal s@m3msb 3mmEoabo-
6900 33Mdmbomals gobadss@&mdnlb dgdggmdacm M«—C=0. 3gmegl dbcng, -NH; xax0b
dgbedsdabo dmaboddal Dmmada oo 3mmMEabafgdaym mogsbomsb dgoemgdom gomebygy-
moo aGdgmEommnsb o630 [AV(NH,) = 120-200L3 "], Go3 odsboboosmgdgmos NH—M
330l gomgb@ma Mbgzgdobamgnb.

3bGomao 1. @3babmgdgdyma BmangMma 3mmEmEabsnnma BsgMmab mgabgdgda s N6
L3948 9dab IMbs(3939d8n

bogfon

9o

@. .,
°C

06 L3gJ@mgdo, v, b3

a03mbagmabmdo,
%

NiL,(NO3), -
2H,0

3obggco

>330

3594.8, 3540.8, 3479(NH,);
3332.6, 3278.6(NH); 2908.2,
2854.2(CH,
Ad);1643.1(C=0);
1535.1(CONH); 1349.9,1041.
4, 825.4(NOs); 1373 (C-N)

93.4

NngSO4 : H20

3oLy

>230*

3401.9(NH,); 3239.9(NH);
2908.2, 2854.2(CH, Ad);
1643.1(C=0);
1535.1(CONH);
1373.1(C-N); 1079.9, 1187.9,
671.1(S0y)

64.6

CdL2C12 : 2H20

ngoo

>230

3587.1, 3509.9, 3417.4(NH,);
3340.2, 3293.9(NH); 2923.7,
2854.2 (CH, Ad); 1635.4
(C=0); 1504.2 (CONH);
1373.1(C-N); 1103.1(Cl)

84.4

CdL,(CH;COO0),
N Hzo

mgoo

>360

3533.1, 3479.1(NH,);
3278.5(NH); 2908.2, 2854.2
(CH, Ad); 1643.1(C=0);
1520 (CONH); 1373(C-N);
1411.7, 1450.2, 748.2, 663.4
(COO); 1334.5(CHy);
918.0(C-C)

93.0

*) 0demgds
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bogFomgdal MLy(NO3), - 2H,0 06 b3gd@cgddn ~1380-1538L,3"" 165630 dg0dhbgge ve(NO3)
Ra9B0bLoNg0lL ©dsbsbnsmgdgmo 0b@gbbonGo, MG 3m33mMbyb@ o asbmmghomo dmsbmddals
oo, o Lodmamgdol azodmgsl, go39Momome, Gmd NO; xange dgsmme oMol
0539380690490 g8 omadol 5@mIgdmsb s dgbodsdal 3m33mygdLbgdlb sggom md@egofimmao
smbagmds.

bogFmgdal ML,SO4H,O (m=2,3) 06 b3gd8cgdda ~1080-1110 L3 nd56d0 dg03hbgge
Ve(SO42') ®a9Bobomgal ©sdsbsboosmgdgmo 068 gbboyma, Labamgd o dmsbomddal bmmo.
39@&omab (396@Gamafo s@mal 3mmEEbs(30mmo Maibgo 3m33mygdbgddo ML,SO4 - H,O
(M=Co, Ni, Zn) o0l 6. dgbodsdobaw SO” XaNBgd0 03 3mI3mgdLbgdda dogsbeggHegm
RaNBIOL bomdmawanbgb. CdL,SO4 - HO-3o SO, 0l dgbedsdabo dmsbmddol bmeo dmngFew
360l gobmagRnmo Mo3g603g 3m33Mbgb@om, Moz Ladmamgdsl gzodmgsb agolbzgbsm, Gm3
RaNBYO0 98 3M33mgqLgddan 3030 35330M©7dnsb 39dadal (396G Momy@ 5&mAl.

dg30bbogmgom  Bomgdymo  3m33mgdLbsgmmgdol  mg@mInmo  dpgGsmds.  dsmo
gLl babyobo 3Gm3gbo 30dwnbamgmdl 220-320°C-by, bmemm 0b8)gbbomEo odems
—400-460°C-bg (bobodn), o3 @adababnsmgdgmas sbgoma @ndab bagHomgdabsmgal [11].

A
320 s 100
460 s
Q 390 =
60
560
40
/ 20
100 200 300 400 500 600 on
() €))
305356856-1-3563mb3g535b nEMsdawab s 35030ndab 3M33madLbsgFmmab ms (6sbsda s) s
g (6sbsba 3) IGada

ob0bmgbgdamo s@sdsb@sbol d93(339m0 sbama 3mmGEbs(30mo bogHmgda, domn dogsma
954 (300649656056Mdabs s  dmogHo  GoMmdsjmgmEmn  ganxgdab  3gdzgmmdol  godm
BomBmamaqbgb Lonb@gFgbm s 39Mb3gd@oem dommmaoyMam 548 0® bogMmgdl.
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BIOLOGICALLY ACTIVE COORDINATION COMPOUNDS BASED ON SOME
d-METALS AND HYDRAZIDES OF ADAMANTANE-1-CARBON ACIDS

N. LEKISHVILI, KH. BARBAKADZE, G. TSINTSADZE
Iv. Javakhishvili Thbilisi State University

Summary

New coordination compounds based on of hydrazide of adamantane-1-carbonic acids and dissoluble
salts of d-metals have been synthesized and studied. The influence of various factors (temperature, molar
correlation of initial components, type of copmlex-formation) on the yield and structure has been
established. Some physical-chemical properties were studied. By wusing IR spectroscopcal and
Thermogravimetrical analysis methods the composition and structure of the synthesized compounds have
been established. It was shown that the organic ligand coordinates to the central metal atom through oxygen
atom of the carbonyl-group and the asomethine nitrogen atoms by cyclic-bidentante.
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THE EFFECT OF SOME FACTORS ON HYDROSILYLATION OF
3,4-DIMETHYLHEXIN-1-DIOL-3,4 BY ETHYLDIPROPYLSILANE

K. CHERKESISHVILI, R. KUBLASHVILI, K. GIORGADZE
Iv. Javakhishvili Tbilisi State University

The effect of various factors (temperature, reaction time, solvent, a ratio of reacting components, an
amount of the catalyst) on hydrosilylation of 3,4-dimethylhexin-1-diol-3,4 by a ethyl dipropyl silane, at the
presence of the Speier’s catalyst, is studied. It is shown that in a temperature interval of 20-40 °C, only the
addition compound according to Farmer's rule is formed; and at higher temperatures (60-100 °C) products
both by Farmer's rule and by Markovnikov’s rule are formed. As a result of increase in temperature and
reaction time, and also with increase in amounts of glycol and the catalyst, the yield of reaction products
increases.

Hydrosilylation of alkynes containing functional groups, these groups are kept in structure of formed
olefine molecules. Earlier we have shown that the interaction of triethylsilane with acetylene a-glycols
containing terminal triple bond, at the presence of the Speier’s catalyst, in the conditions accepted by us as
standard (the reaction medium without solvent; at temperature of boiling of reacting components; a molar ratio
acetylene a-glycol / silane = 1:1; the reaction catalyst - 0,1M solution of H,PtCls.6H,0 in isopropyl alcohol, in
amount of 107 gram-molecule on each gram-molecule of acethylenic a-glycol; reaction time 4 hours),
basically proceeds with the addition of hydrosilane to the triple bond of glycol. As a result isomeric products
are formed which yield on the average makes 20-40 % (from theoretical) for products of hydrosilylation by
Farmer's rule (a), and 8-10% for products of hydrosilylation by Markovnikov's rule (b) [1].

In this article the effect of various factors (temperature, reaction time, solvent, a ratio of reacting
components, an amount of the catalyst) on hydrosilylation of 3,4-dimethylhexin-1-diol-3,4 by a ethyl dipropyl
silane, at the presence of the Speier’s catalyst is investigated. The obtained experimental data (see Table 1)
show that in an interval of temperatures of 20-40 °C the addition compound (a) according to Farmer's rule is
formed only; and at higher temperatures (60-100 °C) products both by Farmer's rule (a) and by Markovnikov’s
rule (b) are formed.

R'\ OH OH
> C—C—C=CH + HSIi(C,H,)(C,H,),
RZ
CH,
| |
R'. OH OH R'\ OH OH SICH)CH,),
> G —G— cH=cH SI(C,H,)(C,H,), > C—C— C=CH,
R’ : |
CH, R CH,
(a) (b)

At the presence of the Speier’s catalyst, the maximal yield of products of hydrosilylation is achieved in
conditions of heating at temperatures of 95-100 OC within 4-5 hours. In an interval of temperatures of 60-100
OC both are simultaneously formed, products by Farmer's rule and by Markovnikov’s rule; according to our
hypothesis, this fact specifies that these two ways of binding are mutually independent.
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Table 1. Reaction of ethyl dipropyl silane with 3,4-dimethylhexin-1-diol-3,4

Ratio: glycol Amount of Solvent Tempera- Reaction Yield of products of
/ catalyst(gram- time hydrosilylation
. ture,
silane(gram- mole per .
mole) gram-mole of o¢ (h) (% from theoretical)
glycol)
a b
1:1 107 Without solvent 20 0.5 >5 -
1:1 10° Without solvent 20 4 5-8 -
1:1 107 Without solvent 20 24 11 -
1:2 107 Without solvent 20 4 12 -
1:1 107 Without solvent 40 4 10 -
1:1 10° Without solvent 60 4 12 Trace
amount
1:1 107 Without solvent 60 6 14 >2
1:1 10° Without solvent 80 4 16 3
1:1 10° Without solvent 100 4 20 6
1:1 10°° Without solvent 100 4 8 3
1:1 107 Diethyl ether 345 4 10 -
1:1 107 Tetrahyd-rofuran 65 4 14 Trace
amount
3 Trace
1:1 10 Benzene 69 4 14
amount
1:1 10° n-Hexane 80 4 15 2

The replacement of solvent does not change the qualitative composition of reaction products. As well as it
was necessary to expect, by use as a solvent of a diethyl ether (b.p. 34.5 °C) is formed only an adduct by
Farmer's rule, and in more high-boiling solvents (benzene, n-hexane, tetrahydrofuran) the adducts of both
types are formed.

The change of molar ratio of reacting components and of catalyst’s amount essentially influences a yield
of reaction products. The certain importance has as well the order of mixing of reacting components: the best
yields were received when to a mix of glycol and catalyst the ethyl dipropyl silane was slowly added.
However, it is necessary to note that the molar ratio of adducts formed by Farmer's rule and by Markovnikov’s
rule makes 3:1, and this ratio remains to constants in an interval of reaction temperatures of 60-100 °C.

Experimental

With the purpose of study the effect of various factors (temperature, reaction time, solvent, a ratio of
reacting components, an amount of the catalyst) on hydrosilylation of 3,4-dimethyl-hexin-1-diol-3,4 by a ethyl
dipropyl silane, at the presence of the Speier’s catalyst, the reaction mix consisting of 1.38 g of 3,4-
dimethylhexin-1-diol-3,4, 1.16 g of ethyl dipropyl silane, and 0,1 ml (10-5 gram molecule) of the Speier’s
catalyst (0.1M solution of platini hydrochloric acid in isopropyl alcohol) was prepared. Hydrosilylation was
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carried out in view of the above-stated factors. In medium of the solvent the reaction was carried out at boiling
temperature of a reaction mixture. After finishing of the reaction, reaction mixture was neutralized by a
solution of soda and extracted by diethyl ether. The ether extracts were dried over potash. The analysis of
reaction mixtures was performed by means of gas-chromatography on the chromatograph CHROM 5 (Flame-
ionization detector; analytical column with a length of 1200 c¢m, and an internal diameter of 0.6 cm; carrier -
fire brick; stationary phase - dodecyl phthalate; carrier gas — nitrogen, 30-32 ml/min; temperature of column
150 °C; temperature of dosimeter 190 °C). Calculation of composition of mixes of hydrosilylation products
was carried out by a method of the peaks areas, with the help of calibration curves constructed for both of
hydrosilylation products. The hydrosilylation products necessary for construction of calibration curves have
been preliminary synthesized by hydrosilylation of the indicated above glycol [1].
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CALCULATION OF CONDITIONAL STABILITY CONSTANT VALUES
OF SOLID COPPER-HUMIC COMPLEXES

G. MAKHARADZE, TS. GOLIADZE, A. KHAIAURIL R. KAKAVA
Iv. Javakhishvili Tbilisi State University

Copper (II) sorption on humic acids has been studied. The effect of pH on the quantity of sorbed metal has
been established. On the basis of sorption data, stability constants of solid copper-humate complexes are
calculated for two pH areas. It is shown that: at pH 1+3 Byy.= 1107 and at pH 3+5 B,y.=10.

A system humic acids — metal ions is one of the most complicated among equilibrium systems of natural
waters. For its full characteristics the data on their sorption and complexing ability are needed. The centers of
complexing in humic acids are the fragments of salicylic and phthalic acids [1-4]:

(@)

0
i I
C—OH 2 T E 9> Me + 21
TG e )T

I I
O

O

? ?
I
—0O —
> gH 4 MeZ+ ,Egﬂ\ Me +H+

Practically, there are no data on conditional stability constants of solid humates. The aim of the present
study was to obtain the data on stability of solid complex compounds of copper with humic acids. For solution
of this purpose there were used the data on sorption of copper on humic acids.

Experimental

Humic acids were extracted from the bottom sediments of the Paravani Lake. The hinge of precipitation
with the mass of 200 g was placed into glass with capacity of 1 1, then 250 ml 0.1 N NaOH was added. After
diurnal sedimentation, the suspension was centrifuged at 3000 rpm for 5 min. The centrifugate was discharged
into pure glass and acidified by means of hydrochloric acid solution (1:1) till pH 2. After sedimentation, the
solution with HA precipitate was allowed to stand on water bath for 2 h, then overnight at room temperature.
Precipitate of humic acids was dissolved in 0.1 N NaOH and it was precipitated again by acidation, centrifuged
and centrifugate was poured off. The procedure of humic acids re-precipitation was repeated three times.
Further purification was performed by 5-6 times treatment in polyethylene rotary flasks with solution HF+HC1
(10 ml 48% HF in 1 1 of 0.1 N HCI) and double treatment with solution of 0.1 N HCI. Humic acids were
freezed and finally traces of Cl" were removed. Humic acid was dried till constant weight in vacuum exiccator
over P,Os5 at room temperature.

For the experiment we used humic acids with particles size d<0,2 mm. Standard metal solutions were
added, stirred in mechanical mixer for an hour (ionic strength u=0). Water precipitation was left for 24 h,
centrifuged and equilibrium metal concentrations were determined in the solution using atomic absorption
spectroscopic method (Perkin-Elmer-603).

Results and Disscussion

Sorption of copper on humic acids starts instantly and reaches maximum in 30 min. Sorption becomes
visible with pH 2. The peak of sorption is reached at pH 7+8 but in this range of pH it is difficult to determine
which share comes on sorption and which - on hydrolysis. Proceeding from the above mentioned, in our view it is
advisable to study sorption till pH 5. In these conditions the ionization of carboxylic groups is almost completed
and complexation joins to the process. Metal with the best complex-forming property is sorbed in great amount.

The parameters of sorption isotherms are: Kg=6.03; 1/n=041; qm(av.)=26.90; K (av.)=0.29.

Sorption capacity of humic acids in relation to copper is high and makes 36 mg/g(0.56 mmol/g) at pH 5.
The isotherm of exchange has H-like form (Fig.1). It shows extremely high tendency of copper ion to the
exchanger and indicates the selectivity of certain complex forming functional groups on sorbent surface [5].
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Figure 1. Isotherm of copper sorption (II) on humic acids
X, — Copper concentration (II) in the solution (in molar shares)

X, — Copper concentration (I) in solid phase (in molar shares)

Acid-base properties of humic acids and possibility of their participation in equilibrium processes
(complexation, sorption) is mainly conditioned by the presence of carboxylic and phenolic hydroxyl groups in
various states in molecules and their ability to ionization. By potentiometric titration of humic acids it was
shown that pKcoon= 4.2 and pK phenon=10.54 and C; =3.77 [6].

Experimental dependences of distribution coefficient logarithm K4 on pH are illustrated in Fig.2. It is
evident that expected regularity really exists but at pH 3 the deviation of experimental dots from straight line is
observed, which is a sign of reconstruction of surface complexes apparently connected with the change of n
number.

Humic acids with hard metals are capable to form both soluble and solid complexes. The most significant
differences in conditions of complexation in solution and on the surface is that in the latter case ligands are

fixed and their total concentration on the surface of the given sorbent C g (mole/g or mole/cm?) is constant
value not depending on dilution of sorbent with solution [7-10]. If the disposition of ligands on the surface
allows simultaneous coordination of several (n) graft ligands with one metal ion, then such group of ligands is
considered as one n-dentante ligand (adsorption center).Total concentration of such centers on the surface
equals to C; /m [11-15].

In correspondence with the model of polydentante binding [15], the equilibrium of complex formation is
recorded in the following way:

Me + n§=MeRn

M
B, =l ()

n
[Me][R]
where £, — is the concentrated stability constant of fixed complexes;
[Me] —is the eq]uilibrium concentration of metal ions in solution (mole/l);

[ﬁ ] and [MeRn correspondingly, are concentrations of graft ligand and graft complex expressed in the

same units (mole/l) at homogenic approximation or (mole/g) at heterogenic approximation;

n — is the number of graft ligands with one metal ion (dentanteness of fixed complexes). The line above
the symbol of the particle means that the particle is bounded with the carrier (sorbent).

Despite numerous studies [11-17], the problem of calculation of complexes stability in the phase of
sorbent has not been solved yet. Multiplicity of models indicates shows the discursiveness of views on the
mechanism of formation of fixed complex compounds.

For the description of complex forming processes in the system humic acids (solid phase) — metal ion we
used the model of static polydentante centers (SPC) [15,16], which includes calculation of total number of
groups from n ligands capable of coordination with metal ions.
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This approach was successfully used for the determination of the composition and stability of fixed
complexes formed from aqueous solution of metals on silica surface with grafted carboxylic groups [16,17].
According to SPC model [17] the bond between coefficient of distribution Ky and stability constant fn is
expressed by the following equation:

N

c
gk, =1g(B, 7, )+ lg[f] —nlgF, ()

where F is the function from acidation of media (ay+) and ionization coefficient of complex forming
functional groups (Kcoon)
1 a,.
F=—+—~
7 Keoon
v —is the coefficient of activity for n charging ion,

1n — for each arbitrary ligand is the number of groups from # ligands including the given
ligand capable to form the complex of MeR, composition.

>

At small filling of the surface according to the equation (2) » is determined from tangent of inclination of

s
line in coordinates /gK; — pH. On the ordinate axis the line cuts the section equal to lg(ﬂn Xn )+ Ig C% .

Thus, it is possible to find not the constant £, itself but only product £, y,. In the frames of this model the value
of sorption at constant C; will depend on steric accessibility of functional groups whose measure is y,. The
latter must be considered as fitting parameter which, nevertheless, has real physical sense.

4-.

ngd

0 2 4 6 8 pH

Figure 2. Dependence of the coefficient of distribution on pH

From the data of the experiment of sorption using the equation (2) conditional stability constant of solid
complex Cu-HA was calculated. From the diagram (Fig.2) it is seen that in the range of pH 1+3 of inclination

line tgo=n=1 and S, y, =1-107 In the range pH 3+5 stability constant of solid copper humates increases in

three orders: tgo=n=0,5 and S, y, =10.
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THE METHOD OF ESTERIFICATION OF SOME AMINO ACIDS
FOR SEPARATION BY CAPILLARY GAS-CHROMATOGRAPHY

K. AMIRKHANASHVILI, N. NADIRADZE, R. VARDIASHVILI,
N. SIDAMONIDZE, SH. GAGUA

P. Melikishvili Institute of Physical and Organic Chemistry

By the use of capillary gas-chromatography method, the saparation of some amino acid methylester mixtures
has been studied. The technique for amino acid trans-formation into volatile compounds has been developed with
the purpose of their further division. Methyl-esters of amino acids have been obtained as well as their acetylated
forms, and their analysis has been conducted by capillary chromatographic method. Stainless steel capillary column
40m in length and 0.25mm L.D. coated with OV-1 stationary phase and CO, as carrier gas have been used. The
obtained sequence of elueted amino acid compounds, within the working temperature interval of 165-175°C, was
as follows: valine, alanine, leucine, iso-leucine, asparaginic acid, glutamic acid, and tryptophan.

Introduction

Chromatography has become one of the most indispensable methods for the separation of volatile and
non-volatile biochemal compounds. Amino acids belong to non-volatile components and for their separation
it is necessary to protect functional groups by oxidation, acetylation or alkylation.

The study of separation and determination of amino acid derivatives by the method of gas-adsorption
chromatography covers comparatively few works, in spite of the process rapidity, its automatization
accessibility and possibility to separate components with similar properties. This is caused by low volatility of
these compounds. There are more scientific works regarding the use of high effective liquid chromatography
[3]. To increase the density of amino acid vapors, they are transformed into ethylic esthers [1.2]. But these
methods do not give opportunity for the analysis of all amino acids and they are applicable only in the case if
partial analysis of amino acids meets the requirements of a specific problem.

Results and Disscusion

In the present work concerning the study of separation, for some amino acids the following method has been
used: methanol saturated with sulphuric acid (H,SO,) was added to amino acid or amino acid mixture and the
obtained mixture was boiled within 68-70° C for 5 hours. The process of neutralization was conducted by 2N KOH,
with its further transformation into a base, which was filtered and distilled on a water bath within 40-50°C. The
obtained sample mixtures were analyzed by capillary gas-chromatography. The results were compared with Beyer’s
methods [2]. According to the given methods, the received amino acids are characterized by better vaporization.

A gas-chromatograp equipped with a flame ionization detector (FID) was used, column temperature was
changing within 100-200°C, carbon dioxide was used as a mobile phase, flow rate 10-12 ml/sec. Methyl esters
of amino acids were examined on stainless steel capillary column 40 m in length and 0.25 mm 1.D., coated
with stationary phase OV-1.

To estimate the separation of the studied amino acid mixtures the following chromatographic characteristics
have been calculated: the retention time of separate compounds (tr), the asymmetry factor at peak base (k,s), the
number of theoretical plates (n), and the height equivalent to a theoretical plate (H) [4]. It is obvious that according
to given data in tables 1-3, methyl esters of amino acids are eluted better from the column at 165-175°C in the
following sequence: valine, alanine, leucine, iso-leucine, asparaginic-acid, glutamic-acid, tryptophan.

Table 1. Retention times (tg) of methyl esters of amino acids obtained
through capillary column with OV-1, carrier gas CO,, at the flow rate 10 ml/min.

Column Temperatures °C

ESTERS OF AMINO 135 145 155 165 175
ACIDS

alanine 0.55 0.55 0.45 0.35 0.35

valine 1.15 1.10 1.05 1.00 1.00

leucine 2.55 2.50 2.35 1.55 1.55

iso-leucine 2.70 2.70 2.45 1.45 1.35

asparaginic acid 6.50 6.30 5.35 3.30 3.10

glutamic acid 12.30 11.20 7.10 4.20 4.10

tryptophan — — 10.30 8.20 6.15
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Table 2. Asymmetry factors (Kk,;) for components of test mixtures on stationary phase OV-1
(Column 40mx 0.25 mm, carrier gas CO,)

Asymmetry factors at peak base (k)
ESTERS OF AMINO ACIDS 135 145 155 165 175
alanine 0.55 0.55 0.86 0.92 1.00
valine 0.54 0.57 0.75 0.90 0.95
leucine 0.87 0.88 0.90 0.91 0.91
iso-leucine 0.89 0.89 0.91 0.91 0.93
asparaginic acid 0.45 0.55 0.70 0.75 0.80
glutamic acid 0.45 0.45 0.75 0.75 0.81
tryptophan | eeem | e 0.65 0.67 0.75

Table 3. Number of theoretical plates (n) and height equivalent to a theoretical plate (H) for the separate
compounds on stationary phase OV-1 (column 40m x 0.25 mm. carrier gas CO,)

Column Temperatures °C

Esters of 135 145 155 165 175
Amino Acids
n H n H n H n H n H
(mm) (mm) (mm) (mm) (mm)
—
alanine 3600 | 170 | 3600 | 170 | 6400 | 1.65 | 6500 | 1.61 | 6500 | 1.61
valine
2220 | 178 | 2220 | 178 | 3136 | 163 | 3136 | 1.63 | 3625 | 1.52
leucine

2766 1.68 3115 1.64 | 3453 1.52 3553 1.62 4333 1.29

1so-leucine
3330 1.51 3330 1.51 4000 1.40 4150 1.39 3683 1.20

asparaginic

acid 2646 1.72 2479 1.76 3900 1.61 3900 1.61 3955 1.41

glutamic acid
2560 1.84 2560 1.84 | 2988 1.71 2991 1.63 3600 1.59

tryptophan 1124 | 357 | 1138 | 342 | 2875 | 239

The acetylation of some amino acid esters has been studied [2]. The separation of the obtained amino
acid mixtures was shown on the chromatogram [Fig. 1.2]. The acetylation of components turned to be better
than the result of the etherification.

The usage of CO,; as the carrier gas, due to its high density, decreases the analysis time, improves the
asymmetry of chromatographic zone and increases the column efficiency. [5]:

T8 6 4 2 0

Figure 1. Separation of amino acid mixture at column temperatures135°C (a) and 165°C (b)
Peaks: 1. valine, 2. alanine, 3. leucine, 4. iso-leucine, 5. asparaginic-acid.
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1

LU

r(mm.) 8 6 4 2

Figure 2. Separation of amino acid mixture by etherification at column temperatures 165°C: a) and 175°C
b). Peaks: 1. Valine, 2. Alanine, 3. Leucine, 4. Iso-leucine, 5. Asparaginic-acid,
6. Glutamic-acid, 7. Tryptophan. 6. glutamic-acid, 7. tryptophan.

The proposed method of esterification of some optically inactive amino acid mixtures for capillary
chromatographic separatoin gives satisfactory results and the usage of CO, as the carrier gas improves the
elution and separation of the studied amino acid component mixtures.
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THE ETHANOL INFLUENCE
ON ACRYLIC ACID POLYMERIZATION KINETICS AND MECHANISM
IN INVERSE EMULSIONS STABILIZED BY LECITHIN

S.A. APOYAN, R.S. HARUTYNNYAN, J.D. GRIGORYAN
AND N.M. BEYLERIAN

Yerevan State University

The functions which describe the dependence of polymerization rate (R,,) of acrylic acid (AAc) initiated
with potassium persulfate (PP) in inverse emulsions stabilized by lecithin (Le) in the presence of ethanol (Et)
on [Et]y and [Le]o are bell shape curves. Ry ~ [PP]," [AAc]™ . With the increase of [Et ] ¢ n increases from
0.5 to 1. m=1 when 0 <[AAc]< IM. With the increase of [AAc], more than 1M m decreases striving 0. Both
phenomenona are explained. It is established that the polymerization initiation rate (R ;,) does not depend on
both [Et], and [Le], . They have considerable influence on colloid-chemical properties of the emulsion
assisting the R, increase. It is concluded that the coexistence of Et +Le displays simultanously positive and
negative effects which condition the appearance of maximums on curves R, = f([Et],) and R,o = f([Le],)
functions.

Introduction

The influence of some aliphatic alcohols on kinetics of styrene and chloroprene polymerization kinetics
has been studied [1-3]. In particular it has been established that alcohols are chain transfer agents, so they are
being used to regulate the mean molecular masses (MMM) of the obtained polymers. Besides, is shown that
they influence the colloid-chemical properties of polymerization systems. So, by this means they act on the
overall polymerization kinetics.

In [4] it is shown that in the case of AAe polymerization initiated with PP in inverse emulsions (IE)
stabilized by Le in a more extent unsoluble polyAAe is obtained.

Taking into consideration the presented data [1-4], it is assumed to use alcohols to obtain watersoluble
polyAAe in IEs.

The aim of the present research-work is to study ethanol’s influence on AAc’s Ry, initiated with PP in
IEs stabilized by Le, as well as on the obtained polyAAe MMM.

It is worthy to note that Et is not toxic and is available.

Experimental

Rpoi is determined by using dilatometry. The volume ratio water/oil(toluene) = 1:2 = const. Water was
bidistilled.

PP is recrystallized fivefolds from water solution. The purity was 99,8% (iodometric determination). Le
was 10% ethanol solution (“standard” grade). The prepared Le initial solution was kept in oxygen-free
medium in the refrigerator. MMM is determined using viscositnetric method [5]. The following formula is
used: [n]=6,6:10"-M" at 243k and for 0,2% HCI solution of AAe.

The surface and interface tensions are determined by Rebinder’s method [6] (determination of the
maximal pressure in bubles).

The stability of the emulsion has been determined at room temperature measuring the moving on of the
separation boundary between two phases[7].

Results and discussion
The curves depicted on fig.1 present the AAc R0 and polyAAc MMM’s dependences on [Et], in the

absence and in presence of Le. In Le absence with the increase in [Et], R, decreases. But in presence of Le
(1% in toluene) R, has maximum value at [Et], =1M.
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Figure 1. Dependence of AAc polymerization rate (R, in %" min™) and polyAAc MMM on [El], (M) in
absence (1) and in presence (2,3) of L. [L],=1% (2) and 0.5% (2,3). [AAc], =IM, [PP], =2 10°.
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Figure 2. Dependence of R, on [Le] , in presence of different amounts of Et. [Et], : 0(1); 1,1 M (2) and
6,6(3) at [AAc], = 1M, [PP], = 210"

The same regularities are established for MMM={([Et],). At [Le],<0,5% and in the presence of Et the
obtained polyAAc is water soluble. MMM decreases with [Et], increase. But by increasing [Le], the obtained
polyAAe solubility decreases.

The observed maximum corresponds to [Le],=1%. It depends to a lesser extent on [Et],. Further kinetic
studies are carried out for this condition.

The study of R, dependence on [PP], shows that R, ~[PP], " where n=f([Et],) (see Table 1).

Table 1. R,,’s dependence on [PP], at [Le],=1% and 318K [AAc],=1M.

[Et], 0 1.1 6.6
10°[PP] M
0.5 1.0 1.03 0.42 Ryl
1 1.35 1.58 0.8 % min’!
1.5 1.65 243 1.32
2.0 2.20 2.65 1.52
n 0.5 0.73 1.0
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These data show that in the presence of Le with the increase in [Et], the mechanism of chain termination
is changed. In the absence of Et the chain termination occurs by quadratic mechanism, while at [Et], =6,6M it
becomes linear.

The following step is the study of R;,,; dependence on [AAe], in the presence of different amounts of Et.

The obtained data are summarized in Table 2.

Table 2. [Le],=1%, [PP],=2-10°M, V,/ Vo =1:1, T=318K

[Et]o 0 1.1 6.6
[AAcIM
0.5 1.3 1.5 0.5 Rpol
% -min’’
0.75 1.8 2.0 1.0
1.0 2.2 2.65 1.52
1.5 2.3 2.82 1.9
2.0 2.5 2.95 1.95

From the data presented in table 2 it follows that Ry~ [AAc]™. It is easy to show that when [AAc],< IM
m=1. But when [AAc],>1M m tends to 0.

To explain this regularity, at first the R;, dependence on [Et], end [Le], has been studied. The inhibitory
method has been used to determine R;,. The inhibitor was TEMPO.

obtained kinetic data unambiguously show that Ry, does not depend on [AAc], , [Et] and [Le],. These
results are in full accordance with the data obtained earlier [8-10]. So, the primary radicals are formed in the
water phase as a result of persulfate dianion monomolecular decomposition.

Therefore, Et and Le may influence the chain propagation, termination and transfer reactions. But the
following circumstance must be considered too.

As it was mentioned, the polymerization is carried out in IE. Principally the influence of Et and Le on the
emulsion colloid-chemical properties may not be excluded. The data given in table 3 confirm the expressed
assumption.

Table 3*
[C;HsOH] M T min o dyne/cm [AAc] %
[Lel,=0% [Lelo=1% In water In toluene
0 6 344 11.5 70 30
1.1 8 22.9 9.5 66 34
6.6 14 5.7 5.0 50 50

* [AAc],=IM , VH,0: V C H;CH; =1:1, T=303K
t o— is the emulsion semidecay time, o — the surface tension.

It is obvious that Et increases the emulsion stability. On the other hand, they both diminish the surface
tension which results in the decrease of micelles size , which in its turn must result in the enhancement of
micelles(the polymerization loci) number upon which R, depends. This is the positive influence of the Et +
Le mixture on R

But, at the same time, that mixture also displays a negative influence on Ry, , as well as on MMM. It is
due to the fact that they both efficiently transfer the chain , in the case of Le- with degradation. This may be
the reason why at a high concentration of Et , when Le solubility in the water phase may be increased , the
chains are terminated by linear mechanism.

What which concerns the peculiar dependency of R, on [AAc], , one can say the following.

The main polymerization loci is the water phase. It is well known that all carbonic acids, AAc too, form
dimers: 2AAc«>dimer. It is obvious that the dimer is less polar than the monomeric acid. So, it is more
probable that the dimer molecules cross from the water phase into the ‘oil.’
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If [AAc], is the AAc’s initial concentration , then a part of AAc molecules will be dimerized resulting in
the decrease of AAe’s real concentration ([AAc]real)(see table 3). As it was mentioned before, both forms of
AAc are in equilibrium. So; [AAc]ea =[AAc],- [dimer]. Monomerie molecules of AAc take part In the
propagation reaction, whose concentration in the reaction zone (in the water phase) is equal to
[AAC]ca<[AAc],. It is easy to note that increasing [AAe], [AAc].a may be increased only to a very little
extent. Probably for this reason increasing [AAc], the reaction order with respect to acrylic acid tends to zero.
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503 960m0s, ®m3 gubi0s, Mmdgma smbgmb 3omondal 3gMbymygs@om 0boz0Mgdeyma
8360l 3go35L 3mndgHmnadsaznal boRdsolb edm 3nadamagdsl [Et]y o [Lely booowggddyg mg-
(3080600 bLEdaaDaMgdym JgdEnbadama G030l gdnmbosda gmabmmal mobomdabsl, bomdmac-
3960 DMl gm0l 3Gmeb Ry.m ~ [PPly" [AAC]™. 6B3969300 [Et Jo-0b goDHobab n 0DMHogds 0.5-
6 1-dwg. m=1, Admzs 0 < [AAc]< IM. Gmzs [AAc]o.0b 3mb39b@Mo(300 ogoMdgdl 1M, m d(30Mgds
0-89. @oagboemos, Gm3 3mmndgmobs(300L 0bo(30Mgdol LoRdog (R.g,;) o6 oMol odm jowgdymo
o653 [Et]lo-%g, o635 [Lelo-dg. 3000 860336g9mmm3s6n go3mabs ogzom gdnmbool 3mmmown@-Jodoym
030bgd93bg, Moz 063936 Rpol g0dM@sl. sgdgmgg swagboe odbs, @m3d Et + Le omobssmbgdmds
30000905 ©oJb0m0 s YoMymzBomo gBqd&gdob ghmommum dmddgmgdsdo, Mog gobsdnMmdgdl
354L0d3gd0b oALYdMOSL Ry, = f([Et]s) @ Ry, = f([Lelo) 396g(30980b 36G09dby.
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Ro@omgdmmos 2- ©d 5-ggbnmabommgdals Bomdmgdymadol azgMoomn gagdggdolb Jodomo
306 5436900. 396dme, dgLbsgmoamos 2-Mom-gmgMmo xangob dmgogmo gocsddbs s 3-
smEadoEntn gangob 3mbogbbszool Mgsgizngda Lbgswabbgs &ndnlb 6ogMomgdmsb. awagbomoas
954(30900L  m3@ndseyMo  oMmdgdo. Fomagdymos 2- ©d 5-ggbomobommgdal sbomo bom-
3mgdmgda, 3sm dmMab bLodo sdmEGab 5@mdab g3 (3390 GFa(303e Mo bob@gds.

360d369mm3560 39653030 0bpmmuMo bogmmgdal sbamo gubdzonmo s LGMYJGNAYma
obammagdol Lobomgbal 80bboor domgm Bbmgemomdn 8080bsMy 068 gbLamMma  gs3m 33390l
Jdggade ©eafMmaEs 89360 LonbGgmabm dg(3bogMma 3mba(380 s smdmRBgbaem ngbs dMagamo
domEmaoMo@ 5g& oMo bogmogMagds. 3 dbMog o yumomgdsl 0dbsbymgdl sMomabommals
Bom3mgdamada. (36mdomos dosma 8b@0dsg@qgMogma, sb6@nd03Mmdama, s6mgdol bobabssmdogam
sd@onmmds, sbggg 9680@g3MgLobdmn, GMeb3zzomads@memmo, (396@GomyMa  byMzmmo
LobEgdab denm oGmMmoa s bbgs Lobal bgdmddgwgds[1-5].

ymzgmogg D98mmgdnmomsb  aodm3nbafyg, doagzohbos, Mm3  womMmaba  Lanb@gmgbme
0bmmob Mogol 360d369mm3560 bogfmmgdol nbm3gMgdabs s §Mbd0ca sbsmmagdal, 396dme,
2- 5 5-3960mnbmmgdol sbsma Bs(8mgdemadol Lobmgbo s godmzzmgss.

h396 gobzobm@zngmgom 2- s 5-ggbomabommagdol Bamdmgdnmgdal g3gGomo gogggdol
JodogGo  aoMEsddbgdo, 3gMdme, dgzobbogmgo  2-Gorm-gogmmo  xangkob  dmgngfoo
30M5436s o  3-omEadonfo  xangkolb  3mbogbbszanl  Mgodingdo  Lbgosbbgs  Godal
bogmgdomasb.

5-g39b0mobome s 5-(3-bo@Mmmaggbommam)abomem 2-306M3mb3geg9dab (3,4) Bom8mgdmmgdals
domgdol dobbom, Rzgb BngM, dgdndsggdymoas 30bodbyma bogmmgdal JmmEmeb3nMawgdal
Lobmgbal 3Mg3sGs@ymn dgommon, 39MdmE, 83MmMdafmgdeyem o0dbs FabbmdMogo 3MmoJdob
Lobg Db sMdgMmn 3By, nbgmo 83968 gd0m, Gmam@gdaczss POCI;, PCls,SOCI, [6-9].

99L39M0396@ 3>  Fgrgagdds shzgbs, ®m3 (5,6) bogMmogdol dobomgdsw goomgdom
dmbobgmbgdgmos  (36mdoema [10] dgomeon, Gm3gmdoi dogdmmGamgdgmo 5396800 momboem-
JemmBowo. Bged3093L 3580693000 oM Lsbdn 45°C-By. momddol Gomogbmdmogo godmbagmo-
3bmdoo dnomagds JodonFo baygms 3Mmonddgda (b]gds 1):

R _ R R
| | OH SOCl,
N COOEt | | | |
H H H COCI

COOH

1,2 13,5 R=ph 34 5,6

246 R=S~ )-NO,

Lggs 1

POCI3-bs o PCls-0b g98myq6gdal dgdmbggzedo bomgsgom 8sbob 8603369mmasbn dggnbszal
353m 30BbMdMngn JrmmEmob3nMowgdol (5,6) g98mymezs Hommogdmes.

5-g3960mnbomm-2-356M5mbyogol s 5-(3-bo@Mmmagbommam)abomm-2-3560dmbdygsgols Jenm-
5630M0gd0b (5,6) Loggydggmdy, Azgb ogH, Bomgdnmos JoMsbogdo s sdnwgdo bgds 2-ab
dobgogoom:

46



mGa569mn Jodas
Organic Chemistry

R

]
cocl A N N

N
H
3.6 7-16
10 X=NH-CgH4-COOH
57-11 R=ph

61217 R= S~ )-NO, 11 X=NH—'

7,12 X=NH-CgH4-SO,NH; O

8,13  X=NH-NHCO-¢_“ 15 X=NH-NH,

9,14  X=NH-CgH4-COCHjz 16 X=N(CHa)
Lgds 2

COX

:
|

JromEob3nMogdoc 83069d0b s(30mamgdsel 398 oM gdoom sdbmEYE NG omjbsbdn mmsbals
&9339M58 Dy GM0gm0msd0balb Mbamdobab. JMmdsGmamogonmam bygms 3hmwn]@&qdol (7-
16) 403mbogmnobmdad dgoanbs 50-95%.

3615350 domman@a@ 5g@0Mo bogmngmgds oMol smdmbgbamo nbome-3-om-smogdnwals
35M©54360L 3MMEEgdL ImMab. (36mdommas, H™3 sBMBsGymn doMabdmbgdobs s mombgdo-
39635dMbgdal Mngdo smdmbgbamos domamo GndgMnmmbGe@ngnco od@omcmdal 3dmbg bagm-
ogdo [11]. godom gomdszmmmaogco L3gd@Mo goshbos sbggg 0bEmmuMo smEgdnEgdal mdbo-
3900L [12]. go6s 880y, 0bmEuMo JoMsdmMbgda s mJLndgdo GoGmmm 3sdmaygbgds odod mm-
356 Lobmgbgddn, MmamE(3 bonbGgMgbm 068 gM3gEns@gdo.

g 3nmado 3meaGemo 3oMmdmbamob gangol sGbgdmdal godm, smegdnwgdo 3o Mgsd-
300LmBsMNdbn bogFmgdns, MHmIgmms dofMomsn mzgobgdss dmdMsgn bysmdos@madnlb 393339
690198056 b9y3magmgzomao JogHomgds-dmbmahol Mgsod0gda. Bggb dg30Lbogmam 2- s 5-gg-
Bommnbommgdol 3-gm@m8ambomdmgdymgdal 3mbogbbsnob Mgsdzngdo doMmdbomsdnbmsb, gg-
bom30M5D0bmsb, mombgdnomdsbomsb, ndmbogm@nbals 3gs35L 30MIboEMSE s JnEMdbNb-
30MoG0ob.

36mdomos [9], Gm3 3-gm@m3omobommaoal 3mbogbbsznol Mgedz0gdo smbadbmm bsgMmgdmsb
308000656 gmdL pH 4-5 56 bgo@ Mo scgdo mmabal ¢q33g@e@mady. 535bmsb, Mgsadnab bohds-
69, Gmam&z Bgbo, ©s8mzogdnmos bayimgmagomal bodmogmgdy. banb@gmgbme a39bsbgdmwms
03390065 83 Mg54(30980L BL3gmagmmdadg bozgmagzo smEg3ngdol (17,24-26) Rsdbs(33mgdgmo
RBYBIO0L go3mgbols bobosomo.

3-gmMdom-2-90mqLo 3o dmbo-5-ggbomabomemalb (17) 3mbogbLazo0l Mgogingdo bgdmom
obobgmgdmm b 3mgmaamgdmeb o6 30dnbsmgmdl 3-gm@dae- nbpmeabsmzol smbgMom 3o-
m393do. Mmam@ (3 dmbarmmebgmo ngm, a-gomgbo- 39Gdmamal gangal gemgd@Mmbymo ©s bog-
(3000 3530l dggasw, gb Mgod30gdo dbmeme domam gd3gModmsdg d0dnbsgmdl. ao-
dmbo3mabos 88 Bogmmol 30MmeDnbmsb s Babnm3nMsbabmsb MMHmngMmmdgwgds, Hm3gmacs
303@0bsMgmdlb mmabal §9339Ma@mady.

se930000b (17) 30mbgbLs300 30GMLoms306csb 303nbomhgmdl 80°C-Bg. b Ggogsns o6
bogoMmgdl 3¢gog0b ods@gdsb s Fndabsmgmdl bgn@Mmamaem o6gdn, Moz 3oMmmJbomsdnbal
dmogMo by 3mgmgomaGmdom sobbbgds. Mged00b dgogasm 6a63dmJdboma batgzosb dobbmdmo-
30 3OmENJE0b gs3mymagsl gobsmdmgdoom JHmsGmamaganma big@alb 39dzgmdaoc. mdbodab
(18) g98mbagmnobmdsed dgoanbs 60%.

3-gm@3om-2-gomdbo 3o@dmbam-5-g96nmabomeal (17) 3mbogbbszos ggbom3nm@mobabmsb
303@0bsMgmdL mmsbal §g33gMms@nmodg pH 4-5 306mdgdda. dgbodsdabo 3nMabmba (19) mom-
430l Bomgbmdmogn asdmbogmasbmdoom dnomgds. smmmgdaab (17) 3mbogbbszns mombgdogemds-
B0©036 ©5 0DMB0gMEB0bobdygszel JoMebnEmsb 303nbamgmdl L3nMEbLEsMAn EYmgdom LyLE
dgoge oMgdo. 3mbrgbbsznal 3Gmoy]@&gdo — 2-gomdbogemdmboem-5-3g6om-3-gm@m3nmnbommals
®0mbgdn3omdadmbo (20) s 2-gormdbogsmdmbo-5-g9bnm-3-gmmdamabommal 0bmbojm@obm-
0m3n®msbowo (21) bocdmn]dbgds, dgbadadabsw, 80 s 85% godmbegmasbmdoom.

3bo@ns, HM3 53 Mgod(30980L 3bgmgmmdsady 3g-17 bogMomal dgdmbgggzsada 5-ggboemals da-
»gob gogmagbs 1360d3bgmms, Mog bagMdbmdo bpgds (24-26) sGomal dofmmgal bLafgsdom (396-
&0l 30doMo a-3am3smgmdadn sMLgdmdaboab.

396dme, 2-(3-66m3ggbom)-3-gmmdamabomemao (24), 2-(3-3gomjboggbom)-3-gm&mdnmobom-
mo (25) o 2-(3-n3gmnmsdnbmadgonbndnbmygbom)-3-gm&mdomabom-ma (26) sezomo dgmab
3mMbgbLaz00b Mgad30580 abgo demng® Bmgmgmapoma® 5896@msb, Hmammazdss mombgdnomds-
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Bon s domamo gsdmbogmnsbmdoo admggs dgbodsdal mombgdogzamdsdmbagdl (27-29) (bdqds 4).
95930900 3585M7d@0c L3oMEBLESMB0 @Ol 30MmMdgddn, M3, F3gbn sDM0m, meyzymsdo
-0l doMmgolb sMbgdmdoom s0blbgds.

5mbobndbogns 3-gm@mdom-2-gomgbo3eMdmbom-5-gqbomnbommal (17) 3oMms-bob3npms@)-
056 YHN0gMJ8g09ds. 53 M195396@7d0L batgzol yabmemmgab ddsmdys-35d0 EMmgdabal 3nfgzgem
Loggbnmdg Bom8mddbomn domabdmba (22) asbozmol (303m0dsozasl 3,4-0030cm-4-mdbm3omo-
©5b0bm-[4,5-8]-5-g9b0m-1- 0bommal (23) Bom3mddbom. (3bowns, HmM3 smbadbyma Mgsodns 3nd-
©0boMgmdL gomgboomdmbomoal xanxrdg 30EMobdmbymo NHy gamaolb dogsdmemgnmymo bey3-
egmgemg®o 89@g30b dgrgao.

CH=N-NH-ph

«
N""COOCH;

24-26 24,27 R=Br
25,28 R=0CH;
26,29 R=CH-N(CHj3),

Lgds 4
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79JL3960396@a b5bama

bogomms Lobygmagol 3mbGEmmmb, sbgzg Re-0b 8603369mmdgdals gobbodmgmals gobamdmgd-
oo bomo3sa gmob goMgndqgddy “Silufol w-254”.

0bgMsbomgmo L3gd@Hgdo gomomgdamos bymbabymdg “FTIR” — g3cog aoM©s4360L 0bgos-
Boogemo L3gd@Hmg@mo. “THERMO NICOLET”, AVATAR 370, ©0s35bmbo: 400-4000 L3'; 4obma-
30b bodeb@g: 0,5 L3

D@ Mo00beggio L3gd@Mgdo gosmgdmoas bymbabymdg “UV-VIS” — qm@msonbggmo bogme-
mo b3gd&Mmm3gGmn “VARIAN”, CARRY 1007, @ns3sbdmba: 900-190 63.

'H 236 L399&Mgd0 goEsmgdnmos “G 396 DRX-500” s “Varian Mercury-300VX” bdgd@GHmam-
&m398c9ddy.

2-3ommgbags@dmborm-5-ggbamabomma (3). (0,83, 3 33mmo) 2-gomgbozemdm-60em-5-
39bomobommob(1), 200 3¢ 10% NaOH-obos ©s 0dm3mm3amol b3aMEob bLyb3gbbosl snmgdgb 3
bosmal aobdsgmmmdadn. bLbsML 53039396, Gom@Moggb ©d d903¢s39896 2N HCl-oon (pH 1).
RomEMo396, baemgdb Mg3bo396 Bymam bgo@Momy® Mgod(3009mg s dMHmdgb.

2-30mmJbozsMmdmbom-5(3-bn@mmagbommnnm)abomma  (4).  omgdgb 1 bogMaals
sbammmangm@aw (0,34a, 1 33mmn) gogFaboegsb(2).

2-300mgbo3363mbom-5-g9bnmabomm-2-3563mbygs3sb Jemm@msb3omMmarn (5). 0.237y (5
33mo) 3gogob (3) bLBsML 50 dem F3Gore ©omdLsbdn, dmwdngo dmMgzol 306mdgddn, 0°C-Bg
b3g0mdoo 13589396 10 dem SOCI-0b bLEsGL 10 Jem 58L. omJLsBdo. Y9396 450C—cb3 3bon
356853mmdsdn. 303bLbgemb smEngdmgdgb 93306 9dmma 66930L J39d. FdMom 653l bLB0s6 30 e
336 396dmedo s abgg smEmdmgdgb 3dMam bodmadmy. o3 3Mm(39LL 03gmEdgb mMxgM. 0bgs
bLENSL 83L. 8gbdmmdn o dMmEMMmgdgb 15 dm-3rg. godmmygdseggb 3dGamn 3gdboboo. baemgdL
ROomGE5396 o 3dMMdgb 353913-9bo oGm0,

5-(3-bo@mmgygbommam)abomm-2-356G3mb3gs35L JmmMsb3npMaa(6). 0mgdgb  39-5
bogMonl sbsmmmaoymae 2,53 (8 83memn) 5-(3-bo@Mmygbommom)obome-2-306Mdmbdgagabs (4) oo
25 3¢ SOCI- bogsb.

300M5b0@gdabs ©5 530@gdal (7-16) Lobmgdalb Bmaswn gomengs. (1.5 33mean) Fygogzseb
Jm@ob3nnolb bLBs@mL 50 dem 3o omgLabdn 93589396 50 3em BFngmamsdnbl s mwdngo
dmEg30L 306Mmdgd3d0 (2 3dmmo) 5306m bogMmmb. oymgbgdgb momobals §9d3gGe@n@ady 2 bor-ob
356353mmd53d0. 56b839396 100 3em byemom, Bomgdb gomE o396, Mg3bo396 bymom s dEMmMd 6.

2-g00mgbogs6dmbom-5-g9bam-3-gmmdamabomemalb  mdbada (18). (0.1475, & 33memn)
sm9300b (17) 20 3m odgonmam®Gdsdodo 133589596 (0.069a, 1 33meo) 3o mJLomdnbl. 80°C-
bg & bor-0b @ymomob dgdmga bLESEL d(3039896. bLE0sE 100 3 Bysmdn, BomEMs396, Mg3bo396
Bymoom, 536mdgb, sbygmaggdgb JMmds@mamagomm bgg@dyg, grmgb@n: d9bbmma-3g4Lbebo (10:1).

2-gomgdbo 3s6mdmboem-5-g39b0m-3-gm@m3nmnbommoal ggbom3np@msdmba (19). (0.147g, 5 3dmemn)
semadnob (17) bLBs@L 15 3 ndgonmem@dsdowdo 1ds@qdgb 0,6 dm ddsmdygsgsb wes (0.216g, 2
39memo) g9bnm3nmabobl. bLBsML ¢MMg396 1 Lo-ab go63sgmmmdsedo mmabal 933G nMmady. bLbnsb
100 3¢m Byada. ao8mymegaen 360b@emgdl goem@Magzgb, Mg sbeggb bymoom s sdHmdgb.

2-g00mgbo3363mbom-5-g9bam-3-gm@mIamabommal mombgdnzs@dsdmba (20). (0.08y, 3
33meo) smeagdowb (17) aoibgmgdom bLBnsb 20 3em gmebmedn, ¢ds@9dgb (0.08y, 6 33dmen)
®0mbg303oMdsDolb o sNMgdgb 4 Lo-0b asb3dsgmmdada. bLbaMab go(303980b dgdwga go8mym-
Boe yzomge 360bGomgdb Bom@EMmazqb, Mgbagzgb gosbmmom s s3Mmdgb.

2-900gdbo3563mbam-5-g9bom-3-gmAdamabommalb abmbogm@abmaominMsda-pn (21).
009096 (20) bogmmal sbsmmmannae (0.1, 3 38meo) smegdowabs (17) s (0.09g, 7 33men)
0dmbogm@nbmom3nmmobowabagsb.

3,4-0300MM-4-m]bm3nMasbabm-[4,5-b-5-g9boem-1H-0bmemo (23). (0.1473, 5 33memon)
semegdoeab (17) byb3gbDosl 20 dem ddsmadygsegsedn 13s@gdg6 (0.05a, 1 33memn) 3nMsbabdnmsod)b
o bafgslb 19396 mmabob §g33gModnmodg 30 baymol gobdsgmmdsda. BatdmJdboem yzomgem
bmb3gbBosL sEM@gdab 1,5 b, Gom@Ma396, Mg3boggb d3s6MBgeg0m, Bymom s s3MMdgb. 536Mnb-
&omgd9b 0dgomamym@dadowdo.

2(3-34m3gygbam)-3-gm@m3amnbommalb mombgdngs@dsdmbn (27). omgdgb 39-20 bogm-
o0basmgal smbgfamo dgomeal dgboedsdabsw (0.3, 1 38men) smegdooabs (24) wo (0.18, 2
33memn) mombgdn3omdsdooabagsb.

2(3-3g0mgbngggbo)-3-gm@mdamnbommab mambydangscdsbmba (28). 0gdgb 39-20 Bogmmal
dbaogba (0.25g, 1 3dmmn) semEg3nnbagsb(25).

2(3-0dgmnams3dnbmdgmamandnbmggbam)-3-gmmdamabommab mambgdnzscads-dmba (29).
009396 39-20 bogGmol sbsmmgogma (0.2, 1 83men) smmgdnabs (26) o (0.4, 4 33mmo)
20mbgdo3oMdabonbogsb.
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GbGoma 1. 03bnbagbgdnm bsgMmms dmgngMaan dsbsbasmgdgma*

3150(NH,),1610(C=N), 1275(C=S)

253(3,09);261(3,09),

# | 353mbag. %, dGGm 0b b3gd@Mo, 0 b3gd@6o,
R Tengen, °C | gm&3gemd v, b3 Amaxs 63, (15€)
3 80, 0,23’ C,sH;|NO, 3380,3330(NH); 1715,1675(CO) 206(4,4);261(4,6);30
245-246 0
4,1)
4 67,0,18 C1sH1oN>04S 3330(NH); 1530,1380 (NO,); 1670(CO) | 203(4,43);239(4,56);
>260 298(4,14);
341(4,15).
7 60, 0,23° CH;7N;05S | 3320(NHob),1590(CO), 3360(NHod0c) 262(3,19);
>280 272(4,26);
318(4,0).
8 55, 0,42° CyHigNsO; | 3260(NHob),3360(NHs80c), 1700(CO) | 261(3,1 8);270(4,34);
>190 317(3,9)
>200
10 85,0,51° CyHN,0; | 3340(NHobg), 1590(CO), 3360(NHs80), | 256(4,12);303(3,46);
<240 315(3,7)
11 70,0,37° CysHisN,O | 3270(NHob), 3180(NHo80g), 1690(CO), | 260(3,18);265(4,12);
>255 308(2,7)
2 68,0,8° C»HgN4OsS, 3380(NHob), 1335(NO,), 203(4,41);210(4,43);
>250 3200-3300(NHa80c), 1 230(4,40);267(4,29);
660(CO) 319(4,47)
13 46,0,6° CyHysNsO,S 15620, 1335(NO,), 3450(NHobc), 210(4,54);242(4,56);
158-159 3230(NHs80c),1665(CO) 303(4,28);
338(4,22).
14 95,0,73% C15HoN,05S 1530,1330(NO,), 3380(NHob), 209(4,44);224(4,38);
243-244 3290(NHa80),1655(CO) 277(3,94);
327(4,33).
15 89, 0,57< C1sH.N,058 1520, 1340(NO,), 3340(NHob), 203(4,43);231(4,43);
234-235 3280(NHa80c),1630(CO) 250(4,38);
321(4,24).
16 93,0,4° C1;HsN;058 1520,1340(NO,), 3250(NHob), 205(2,93);236(3,38);
216-218 1625(CO) 316(3,04);
340(2,97).
18 88,0,53° C15H¢N,05 3320(NH),1670(C=N),3150-3200 (OH) 272(4,41);322 (4,3);
>220 35085 (3,79)
19 90, 0,8° C2H,N;0, 3320(NH),1670(C=N), 267 (3,87); 298
144-145 1600 (CO) (3,84); 401 (3,44)
20 88,0,41° C1oH;sN,O, | 3430 (NH 060),3320(=N-NH), 1220 (C=S), | 262 (4,3); 281 (4,39);
224-225 1690 (C=N) 340 (4,21);373 (4,0)
21 86,0,47° C24Hy0N,05 3310(NH),1680(CO),1640 (CO) 213(4,36); 337
269-270 (4,09); 364 (4,04)
23 92,0,29° C24Hy0N,05 3310(NH),1680(CO),1640 (CO) 213(4,36); 337
~275 (4,09);364 (4,04)
27 81,0,715 C16H13N4SBr 3410(NH 060), 3250 (NH 30c6), 213(4,59);241(4,37);
225-227 3130(NH,), 1610(C=N), 1285(C=S) 245(4,37);250(4,29);
256(4,23)
28 93,0,68° Cy7H,(N4SO 3410(NHobc), 3250(NH 3006), 212(4,37);234(4,23);
224-226 3140(NH,),1620(C=N),1285(C=S) 245(4,16); 270(4,60)
29 80,0,76" C1oHNgS 3420(NHob ), 3245(NH 306), 214(3,40);238(3,09);
140-141 241(3,07);248(3,07);
(3,09);
(3,42);

303(3,42); 357(3,35)

50
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abGoma 2. ©3bnbongbgdnm bsgMmms 'H 336 L359d@M9dab 3mby(3939d0

©0dgoombymeamdboeda
BogGaab 8, 8m6.6. Lbg, I 363
7 7,39(b,3H); 7,76(c0,4H); 7,62(c0c0,6H); 7,63(0,7H); 7,48(d,2 H); | Jae=Jo4=1.6; Jo7=T76=
7,40(8),3'H); 7,27(0,4'H); 6,57(0,2 H); 7,55 Jy3= J32=J34=7.5;
6.72(0,3"H);7,37(s,NH,S); 11,62(s,NH;,); 11,93(s,NH,g,)- J32=T,7.
9 7,24(s,3H); 7,8(c0,4H); 7,56(dd,6H); 7,5(d,7H);7,58(d,2 H); Jas=J64=1,6; Jo.7=17 6=
7,39(t,3'H); 7,28(d,4'H); 6,57(d,2'H); 6,72(c0,3"H); 7,5; Joy= J30=J34=1,5;
2,6(b,COCH;);11,2(b,NH,5,);11,4(b,NH,5,)- J300=7,7.
10 7.22(s,3H); 7.8(d,4H); 7.6(dd,6H); 7.52(d,7H); 7.66(d,2 H); Jas=T64=1,6; J67=17 6=
7,4(t,3'H); 7.28(d,4'H); 7.06(d,2'H); 7,5; Jy3=J3,=J34=1.5;
7.44(d,3"H);7.52(d,4"H);7.84(d,5"H); Yoy =77, J5ry=T1.2.
1 1'4(SsNHind); 1 196(SsNHamid)'
13 12.09(s,1H); 8.04(d,3H); 7.36(d,4H); 7.39(dd6H); 7.63(d,7H); Ji=1.47:357=8,04:] xp=
7.21(d,AH); 8.09(d,BH); 7.84(d,AH); 8.80 (d,BH); 10.82(s,NH- 8.77;
NH); Ta=5.48; Jyi=1.46.
14 12.27(s,1H); 7.2(d,3H); 7.38(d,4H); 7.41(dd,6H); 7.20(d, 7H); J15=1.7:1,,=4.39;157=8.
7.18(d,AH); 8.12(d,BH); 7.94(d,AH); 8.14 (d,BH); 10.71(s,NH- 77; Iap=1.95;
NH); 2.57(s,COCHs) Jap=06.58.
16 11.94(s,1H); 6,97(d,3H); 7,96(d,4H); 7,35(dd,6H); 7.61(d,7H); J5,=8,04; Jap=8.41.
7.17(d,AH);8.09(d,BH);3,20(s, CH;N)
18 12,14(s,1H); 8,42(d, 4H); 7,65(dd, 6H); 7,57 (d,7H),7,63(d, aH); | J,=7,7; Js7=8,9; J46 =
7,47(t, bH); 7,34(t, cH); 4,40 (k, CH,-Et),1,38(t, CH;-Et); 8,89(s, 1,26; Jp=7,25.
N=CH); 11,22 (s, OH).
19 12,89(s,1H); 7,58 (s,4H); 7,69(d,6H); 7,59 (d,7H); 7,74(d,aH); Jo=17.8; Jp=17,25.
7,37(t,bH); 7,26(t,cH); 4,41(k,CH,-Et); 1,42(t,CH;-Et);
8,83(s,N=CH); 10,64(s, N-NH);7,53(ArH)..
20 12.28(s,1H); 7.44(d,4H); 7.66 (dd,6H); 7.59(d, 7H); 7.72(d,aH); Jo=75;J5,=8.8;
7.45(t,bH); 7.33(t,cH); 4.42(k, CH,-Et); 1.42(t,CH;-Et); Jis=1.6; I =17.3.
8.97(s,;N=CH); 1164 (s, N-NH), ’
21 12,29(s,1H); 8,88(s,4H); 7,60(d,6H); 7,68(d,7H); 7.69(d,aH); Jo=8.51; Jp = 6.94.
7.50(t,bH); 7.30(t,cH); 4.43(k,CH,-Et); 1.42(t,CH;-Et);
9.34(s,N=CH); 1218(s,N-NH), 8.80(d, a'); 7.89(d, b").
23 12.83(s,1H); 8.51(s,4H); 7.83(d,6H); 7.69(d,7H); 7.76(d,aH); J,=7.75;Js7=8.51.
7.49(t,bH); 7.36(t,cH); 8.83(s, N=CH); 12.78(s,N-NH).
27 11.93(s,1H); 8.33(d,4H); 7.16-7.25(m,5H,6H); 7.44(d,7H); J,=8.41
7.77(d,H); 7.58(d,H); 8.46(s,CH=N); 11.11(s,NH-N); 8.03(s,NH),).
28 11.78(s,1H); 8.30(d,4H); 7.16-7.26(m,5H,6H); 7.43(d,7H); J.5=8.6; 1,=8.40;
7.58(d,H); 7.14(d,H); 8.48(s,CH=N); 11.08 (s,NH-N); Jocns=1.47.
8.00(s,NH)).
@0dIBIGYHS

1. YukBanmze U. I11., Mymnamze 3. A., Camconus I11. A., Cysopos H. H. Xum.-bapm. xypH. — 1994,

Nel0, c. 47-50.

2. 35896@&0 2 727 047 (CI COID 209/04 (a36). Chem. Abstr., 1978, vol. 88, Nel5, ref. 105132q.
3. Drugs of the Future. 1985, vol. 10, 2, p.1029.
4. Von angerer E., Prakajac J., Strohmeier J. J. Med. Chem., 1927, vol. 27, Nel1, p. 1439.
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SYNTHESIS OF SOME OF DERIVATIVES OF 2- AND 5-PHENYLINDOLES

I. CHIKVAIDZE, N. BARBAKADZE, E. MUMLADZE,
N. MEGRELISHVILI, M. LABARTKAVA, SH. SAMSONIYA

Iv. Javakhishvili Tbilisi State University
Summary
Chemical transformations of the derivatives of 2- and 5-phenylindoles were carried out, some
transformations of 2-ester group and condensation reactions of 3-aldehyde group with some compounds were

studied. Optimum conditions of the reactions were established. New derivatives of 2- and 5-phenylindoles
were obtained, among them — tricycle system containing three nitrogen atoms.
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NEW OPTICAL TRANSPARENT
CYCLOPROPANE CONTAINING POLYMERS

K.G. GULIYEV, AM. GULIYEV

Institute of Polymer Materials
of Azerbaijan National Academy of Sciences

On the basis of MCPSt optically transparet new homo- and copolymers have been prepared. Homo- and
copolymerization were carried out in the solution of benzene in the presence of AIBN. Optical and physical-
mechanical properties of the synthesized polymers have been studied. It has been established that the prepared
polymers possess high optical transparentness and their refraction index is 1.5890-1.5900. Homo- as well as
co- polymers combine the qualities of polystyrene and polymethylmethacrylate and possess higher
mechanical properties in comparison with polystyrene and poly methyl- methacrylate. Light-transmission in
the visible part of spectrum for these polymers is 90-98% and little depends on the thickness of sample to 8
mm. Moreover, high transparency of the proposed polymers is conserved within the range of temperatures
50°C-100°C. The prepared data allow us to conclude that an introduction of polystyrene substituted
cyclopropyl styrene fragments into aromatic nuclei in macromolecules leads to the improvement of optical
and some physical-mechanical properties and allow their recommendation for use in various branches of
technique.

It is established that the fluorine-alkanes are the active modificators of polyphenylene oxide, which
conditions the reduction of the coefficient of polymer friction, the reduction of tribodestruction and the
increase of wear-resistance of the material.

Introduction

Not so many optically transparent materials are used in practice now. Inorganic glass, mono- and
polycrystals and polymers [1-5] can be referred to these materials. From these materials the most widely used
is the inorganic glass, which is characterized by excellent optical parameters. However, the inorganic glass
has a higher density, it hardly yields to colouring and reprocessing and is not shockproof either. Only polymer
materials possess these properties. Therefore, in recent years organic polymer materials have been widely
used as optically transparent materials in optics, decoration works and in the production of various electric
apparatuses. This has been stipulated by the fact that unlike inorganic glass such materials are characterized
by little mass, the absence of cutting fragments in their destruction and the possibility of making optical
details from them by means of using a comparatively cheap method. The most popular optically transparent
polymers are poly-methyl(meth)acrylates, homopolymers and copolymers of styrene and polycarbonates (e.g.
poly-diethyleneglycol-bis-allylcarbonate). These polymers are bases of optically transparent polymers, since
they possess sufficient light transmission ability. The coefficient of light transmission for these polymers is
85-95%. However, low heat-stability and physical-mechanical properties still limit their wide use.

PMMA has excellent transparency and higher strength indices. However, the coefficient of its water
absorption is higher and the surface of the material easily subjects to scratching. PSt yields PMMA on
transparent and double ray refraction easily arises in volume of body, which leads to the mixing and distortion
of the observed object. However, it possesses excellent strength indices and low coefficient of water
absorption. Consequently, the necessity of creation of material combining the properties of PSt as well as
PMMA arises.

General results

This paper is devoted to the synthesis and study of properties, including optical cyclopropane containing
polymers. The objects of investigations were homopolymers of meth- oxycarbonylsubstituted cyclopropyl
styrene, copolymers of MCPSt with MMA and styrene.

We have carried out the synthesis of monomer of MCPSt by the interaction reaction of
methyldiazoacetate with p-divinylbenzene in the presence of catalytic quantity of anhydrous CuSO,.
Homopolymers of MCPSt and its copolymers with methylmetacrylates and styrene were prepared in the
presence of radical initiator of DAA.
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* for initial mixture 1:1

After their purification and drying the prepared polymers were white powders. In the process of
identification of their structure it was established that polymerization in the investigated conditions proceeds
due to opening of the double bond C=C. Cyclopropane ring in these conditions does not participate in the
process of polymerization with opening of ring about that an availability of characteristic absorption bands in
the IR-spectra of prepared polymers witnesses.

Consequently, tricarbon cycle remained non-affected during polymerization and participates in
macromolecules of prepared polymers. This is also seen from the analysis of the data of *C NMR spectrum
(Fig.).

The prepared data are presented in Table 1.

It is seen from Table 1 that monomer of MCPSt is more active in the copolymerization reactions, both
with styrene and MMA. The observed comparatively large activity of MCPSt has been stipulated by higher
level of conjugated monomer MCPSt.

It should be noted that some peculiarities of the structure of prepared homo- and copolymers have been
connected with the fact that these polymers can combine the values of both polystyrene and
polymethylmethacrylate possessing higher mechanical properties in comparison with poly-styrene, and a
larger flow in comparison with polymethylmethacrylate. Being aware of these characteristics of polymers we
have studied the optical properties of synthesized homo- and copolymers (Table 2) and also their physical-
mechanical and heat-physical properties (Table 3).

90 80 70 6.0 50 4o 3.0 20 10 0
&yatg.

Figure. *C NMR spectra of polymethoxycarbonylcyclopropylstyrene (1), copolymer of meth-
oxycarbonylcyclopropylstyrene with styrene (2) and copolymer of methoxy carbonyl- cyclo-propylstyrene
with methylmethacrylate (3), taken in solution of tetrachloride carbon at 90°C
(concentration of solutions — 10%)
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Table 1. Copolymerization of MCPSt with MMA and styrene

Composition of initial mixture of Composition of copolymers, mol %
monomers, mol %
MCP MMA Styrene Conversion | MCP MMA Styrene I Iy
St [Mo] [M.] St [M,] [M{]
[Mi] ’ i [Mi]
80 20 — 6,0 85,61 14,39 1,35 0,30
70 30 - 8,0 78,63 21,37
50 50 - 10 64,29 35,71
30 70 - 5,0 48,19 51,81
20 80 — 7,0 37,89 62,11
80 - 20 8,0 84,35 15,65 1,24 0,42
70 - 30 10 76,75 23,55
50 - 50 12 61,24 38,76
30 - 70 6,0 43,52 56,48
20 — 80 8,0 32,89 67,11

The results are presented in Table 2.

As it is seen from the data of Table 2, the transparency (light transmission in the visible part of spectrum)
of poly-MCPSt is 90-98% and little depends on thickness of sample to 6-8mm; in large thickness occurs
partial deterioration of optical properties, which is characteristic of all the known transparent polymers.

As follows from Table 3, cyclopropyl substituted polymers possess more high physical-mechanical
properties in comparison with polystyrene itself. Their density, impact viscosities are considerably higher than
in glass. During impacts and shocks a sample of this plasmas does not give dangerous fragments. An easiness
and shock resistance of polymer glass determines its use in apparatuses of optical application. These qualities
make it a good material for contact lenses. Theobtained results showed that, along with high physical-
mechanical characteristics, polymers on the base of MCPSt possess good optical properties (Table 3). In
particular, while investigating its optical properties, it was found that poly-MCPSt keeps transparent up to
100°C with its endurance for 2 hours.

Table 2. Optical characteristics of synthesized polymers on the base of methoxycarbonyl substituted

cyclopropylstyrene
Composition of polymer, mol Light Density,
Code of polym. % np o 3
Cr MMA M proceeding, % | g/cm
PSt 100 — — 1,5900 95 1,07
PMMA - 100 — 1,4917 92-93 1,19
Poly-MCPSt — — 100 1,5920 95-96 1,20
Poly-MCPSt-Styrene 80 — 20 1,5870 95-96 1,07
Poly-MCPSt-MMA - 80 20 1,5790 94-95 1,05
Glass — — — 1,5100 91 2,45

In table 3 the data on physical-mechanical properties of the obtained polymers are presented.

Table 3. Physical-mechanical characteristics of prepared polymer

Poly-
MCPSt- MC Poly- Poly-
Parameters St* | PStMMA* l;fsg styreyne MMA
Weak heat-stability, C° 130 123 138 103 115
Brinell hardness, kg/mm2 21,8 20,0 22,5 14 13
Specific impact viscosity, kg.cm/CM2 19,0 19,8 21,0 18 12
Tensile strength, MPa 50,0 50,7 52,0 39,0 60,0
Relative elongation, % 1,9 3,5 3,8 1,7 2,1
Adhesion to metal, Mpa 4,80 5,85 8,85 - -
Water absorption for 24 h.% 0,08 0,12 0,06 0,1 0,3

*In composition of copolymer 20 mol. %
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The investigation of physical-mechanical properties of poly-MCPSt within the range of temperatures
from 80°C to -25°C showed that at these temperatures it keeps higher tensile strength and practically does not
decrease elasticity in the field of low temperatures.

Polymer on the base of MCPSt in relation of moisture on its indices does not yield polystyrene itself or
copolymer of styrene with methylmethacrylate. The qualitative optical goods from poly-MCPSt can be used
both pressing and extrusion or casting under pressure.

Experimental

n-(2-methoxycarbonyl)cyclopropylstyrene. The Solution of 0.1 mol methyldiazoacetate in benzene was
dropwise added to the solution of 0.3 mol of n-divinylbenzene in benzene containing 0.1 g anhydrous CuSO,.
At the end of the reaction the solvent and excess of divinylbenzene was distilled in vacuum and isolated n-(2-
methoxycarbinol)cyclopropylstyrene — 18.38 g (91%). B.p.= 108-110/1 mm. n2D0=1.5800; dio =1.1236;
MRpeaie/ MR pround=58.411/59.75.

The polymerization was carried out in ampoules in solution of benzene in the presence of DAA. The
polymer was transplanted into methanol and dried in vacuum.

The characteristic viscosity of polymer was determined in Ostwald viscosimeter in solution of benzene at
20°C ([n]=1.06-1.1 dl/g). The IR-spectra of polymer were registered on spectrometer UR-20. The PMR
spectra were recorded on spectrometer BS-487B produced by the firm “Tesla” (80MHz) in the solution of
deutered chloroform.
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IMPACT OF EXTRACTION AND PROCESSING OF SULPIDE ORES OF ARSENIC ON THE
DISTRIBUTION OF THE ELEMENT IN SURFASE WATERS

N. LABARTKAVA, G. SUPATASHVILI, N. LORIA
Iv. Javakhishvili Tbilisi State University

For the purpose of studying the distribution of anthropogenic arsenic in the environment in the gorge of
the river Lukhuni (Racha, Georgia) during the periods of 1982-1985 and 1999-2000, atmospheric
precipitation, surface waters, drift (floating matter) and bottom deposits and also arsenic-containing run-off
waters (in total 400 specimens) were examined on the content of the element and its compounds. Arsenic
content in samples was determined photometrically, using silver diethyldithiocarbamate (AgDDTC)

Introduction

The establishment of regularities of arsenic distribution in the environment is an urgent issue of
ecochemistry, due to the toxicity and carcinogenicity of compounds of this element. The problem is especially
important in the regions of extraction and processing of sulphide ores of arsenic, in particular, in the upland
regions of Georgia (Racha, Lower Svaneti). During the period of 1930-1990,annually nearly 2-2.5 tons of
arsenic ores (realgar, auripigment, arsenic pyrite) were extracted, enriched, processed and arsenic-containing
preparations were produced.

For the purpose of studying the distribution of anthropogenic arsenic in the environment in the gorge of
the river Lukhuni (Racha, Georgia) during the periods of 1982-1985 and 1999-2000, atmospheric
precipitation, surface waters, drift (floating matter) and bottom deposits and also arsenic-containing run-off
waters (in total 400 specimens) were examined on the content of the element and its compounds.

The typical mountainous river Lukhini, the right tributary of the river Rioni, springs out from the
southern slopes of the Great Caucasus at the altitude of 2650 m. The river length is 38 km, mean water
discharge makes 11.7 m’. The water of the river Lukhuini belongs to the slightly mineralized (65-245; on
average 153 mg/l) waters of carbonate class of calcium group.

Experimental

The samples for analyses were taken at the river source (point 1), below the arsenic mines (2), above and
below the ore-burning shop (3-4), up to the village of Uravi (where the Racha Mining Industrial Complex was
functioning), below it and at the river estuary (5, 6, 7). The samples of water from the river Rioni were taken
over the point of confluence with the river Lukhuni and below it (8-9).

Arsenic content in the samples was determined photometrically, using silver diethyldithiocarbamate
(AgDDTC) [1, 2]. The 10 ml analysed sample containing 1-40 mcg of arsenic was dissolved in suitable
conditions. The solution, which may contain undissolved particles should be warmed with concentrated
hydrochloric acid.To the prepared solution in the generating flask 5 ml KI solution, 2 ml of SnCl, solution, 10
ml 1:1 HClI and 3 g of zinc were added. Then the apparatus was closed with the tube of which the second end
is immersed the absorbing solution, containing 5 ml of 0.25 % AgDDTC solution in chloroform with 1 %
ethanolamine.

After 30 min, the distillation apparatus was removed and the absorbance was measured at 525 nm using
the proper cell length for obtaining the absorbance in the optimum range. The results were read from the
calibration curve obtained from standard solutions of elements, or were calculated from the molar absorptive
values providing that the conditions of hydride evolution and absorption measurement were the same.

General results

The conducted experiments showed that the main sources of the river Lukhuni pollution with arsenic
were acidic (pH 2.45-4.20) waters, flowing out from the mine, ore deposit, burning wastes and the Chemical
Industrial Complex. Average content of arsenic in these samples was 1.0, 8.0, 168 and 47 mg/l,
correspondingly. Oxidative processes seem to be the main reason for arsenic transition into motile state. Due
to this, direct correlation of water-dissolved arsenic with sulphate concentration and feedback relationship
with pH (correlation coefficients +0.76 and -0.66 correspondingly) seem to be logical.
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The impact of anthropogenic factors on the content of dissolved arsenic is especially clearly seen in the
water samples taken below the village of Uravi. Its maximum was marked in the second half of the day,
which corresponds with the operation rhythm of the Industrial Complex and discharge of run-off waters. The
tendency to the decrease of dissolved and suspended arsenic in the lower bed of the river (Table 1) might be a
result of dilution of the river water with waters of other tributaries poor in arsenic compounds.

The gases exhausted from the burning plant were the strongest source of emission of anthropogenic
arsenic in the gorge. Due to this, the arsenic content in soils adjacent to the territory of the burning plant
amounts to hundreds of mg per kg (the background makes 1-20 mg/kg [3]). As a result of the same factor,
arsenic concentration was increased 10 times and more in atmospheric precipitations fallen on the village of
Uravi and the waters of the Tsana glacier (Lower Svaneti, the background <lmkg/1).

The obtained results show that the ecochemical situation in the gorge of the river Lukhuni was rather
complicated during the period of functioning of extraction and processing plants of arsenic sulphide ores.
According to the data released by the Ministry of Health and Social Affairs of Georgia, the situation has

reflected on the health condition of the local population.

In the suspended drift and bottom deposits arsenic is presented in oxidized, sulphide and silicate forms.
As a result of sedimentary fractionation, the share of sulphide form in the bottom deposits is 3 times higher as
compared with the drift and makes 61% on average.

Table 1. Arsenic content in waters and suspended drift of the rivers Lukhuni and Rion

Point Water, mkg/l Floating matter, mg/I
min. max. average min. | max. | average

1982-1985

1 0.2 0.3 0.3 2.0 14.5 8.0

2 2.0 2.3 2.2 - - -

3 3.0 22.5 154 94 100 97

4 11.3 40.0 14.8 50 360 173

5 3.8 90.0 28.2 50 188 133

6 4.3 83.0 24.8 40 390 200

7 6.5 46.9 16.3 56 620 282

8 0.3 1.6 0.7 14 26 16

9 0.8 8.0 4.4 31 80 50
1999-2002

2 0.2 0.3 0.3 - - -

3 0.5 5.0 2.4 14.8 23.8 18.7

4 1.0 28.0 7.6 12.3 37.8 21.0

6 1.0 8.6 4.6 10.7 27.9 18.1

7 0.5 2.0 1.0 8.8 14.4 10.6

8 0.5 2.0 1.5 10.8 19.8 13.6

Table 2. Arsenic content in waters of the rivers Lukhuni and Rioni during the period of 1982-2002

Floating matter,
Point Water, mkg/1 mg/kg Bottom sediment, mg/kg

1982-1985 1999 2002 1982-1985 2002 1982-1985 2002
1 2.7 1.0 0.3 8.2 7.0 15 13.6
3 11.3 4.0 2.3 8.2 18.6 79 14.0
4 14.3 13.0 7.6 127 27.3 45 13.0
6 25.7 5.0 4.6 88 18.1 71 17.0
7 1.5 - 1.0 14.8 10.6 12 -
8 3.0 - 1.5 40.2 13.6 24 -

Using the data obtained by us and also the hydrological data, the amounts of dissolved and suspended

arsenic transported annually by the river Lukhuni were calculated. During the period of 1982-1985 these
values approached 33 and 39 tons and during the period of 2001-2003 this amount decreased by 42 and 46%,
correspondingly.

Despite the positive ecochemical changes, arsenic content in the waters of the river Lukhunu is higher as
compared with other regions of Georgia (background 1-3 mkg/l [3]). Still high concentration of arsenic in
soils adjacent to the territory of ore burning plant may be responsible for this [3]. Nearly 70 000 tons of slag,
formed as a result of burning of sulphide ore, which contains 13-52 g/kg of comparatively motile oxidized
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form of arsenic, remains a serious source of environmental pollution. The content of other standardized
compounds (biogenic and organic ones, heavy metals) in the waters of the river Lukhuni is much below the
admissible norm.
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Lo N,N/-anoGnQvSoogﬁ)o"oocggi’)nb Boc3mJ3bnm. 3gogems Jemmmab3omomgdo domgdeem 0dbs dgbods-
dabo 3gog0Ls s PCls egmgdom CCly-ob s6g9do.

3(300Mgdol dgdmbggzedn, Mgegznal 3ommdgdal dabgogoom, seanmmn d43Lb 3mbm- s ©o-
530 admo 3OmEMJ8gdol BamdmJdbsl, Mm3gmms ogmags dmbs Xl s XII bsgGomgdol dg3-

obggzsdo (3bGamo b).
Ac,0 _COCHj
CONH-NHCOCH; + CONH-N

~
X1 x11 COCH;
CONHNH, —
I ArCOCl

O,N

/Cl
Ar =@ [X111], Cl—@ [x1v], c1—@ Xv], @ [XVI].
Cl HO”

bgqds 3

OYMENI© ©3ag00ma aym, o Gs Gmmb 0:85390ms d30mob  Kxangolb sMbgdmds
N.N'os30em30065b0@30b domsad@onGmdsbs s d-898smgdmsb 3m33emgdLbBs@8mi860l mbs@do.

Byomdo@s@mdgdolb Mgsg300bebatasbmds dss(30mamgdgmo 5396@0b dadsmo gobzbodmazmgm
3396@aM-Jodom@o dgomwon [7]. 33568 9M-Jodonmn asmzmagdo dgzebemmago CS MOPAC-ob
(Chem 3 ultra-version 8.03) badgomgdom, AMI (Austin Model 1) 3gommeom. mommgne gomgmslb 6ab
MbBMgds bogHmolb agm3g@Hogmo LEM NG NMOL M3Gndadazns — gbgMaonl 806ndnds(z0s, Hm-
amé 3 MM2, abg AM1 3gomegdoo [7]. gemmdasmatn 3060330l dombgzabomgol m3@0dobamgdamo

dmg 3mmob ggmdg@Masl 3oMmzg3m00 9860336gmmE @s bgmabms 35bbm™M(309mgdoom 8nbndo-
Ba(300b. obodsmaFo 9bgManal ngozg boowol domgdol dg3mbggzado m3@ndndgdme bGONIE-
ol 3mgmomom d53aman gomgzmgdabsmgal bogoMme.
dmEgmae  Mgodose  dg396MRngo  0@edsbBmam3n@msbowab(lll)  s3omamgdol  Mgsdzos
3060 JmmM396bMabgsz0l JmmMebInMmomom, Immyma msbogsfmomdaon (bLggds 4).
bobgzMoe-933nconma AMI1 dgommeoo go300ba560dgom babyabo bog@mmals dmemg3mmsdo o@8ma-

»3dmGobo dobdaemagdo (sbGomo 1), 9894&ncMo 3gbGgda (bGamo 2), s bogemabgm 3nmbggdo
(GbMoma 3). Mgoaqb@nb, dgbodmm 3Mm@nddos 65M3mddbol Lomdmgda (AHg.ks) ©d Mgagnal

bomdyMo 9ngd@&o (AHe,y)-
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abGoma 1. 5§m3yca sbdamgdo N,N/-4(1-oQo3a5@)an,4 -)396%0moEgb6-3npMmsdawab

Iy ggesda
s@mdgda 430b bogédy, A s@magdn 430l bogMdy, A
C(1)-C(2) 1.531 C(9)-H(36) 1.123
C(1)-C(6) 1.541 C(10)-H(37) 1.120
C(1)-C(7) 1.532 C(10)-H(38) 1.120
C(1)-C(11) 1.525 C(11)-0(12) 1.245
C(2)-C(3) 1.527 C(11)-N(13) 1.416
C(2)-H(24) 1.119 N(13)-N(14) 1.342
C(2)-H(25) 1121 N(13)-H(39) 1.010
C(3)-C(4) 1.524 N(14)-C(15) 1.407
C(3)-C(8) 1.525 N(14)-H(40) 1.006
C(3)-H(26) 1.123 C(15)-C(16) 1.485
C(4)-C(5) 1.525 C(15)-0(23) 1.244
C(4)-H(27) 1.120 C(16)-C(17) 1.397
C(4)-H(28) 1.120 C(16)-C(21) 1.401
C(5)-C(10) 1.525 C(17)-C(18) 1.394
C(5)-H(29) 1.123 C(17)-H(41) 1.102
C(6)-H(30) 1.120 C(18)-C(19) 1.399
C(6)-H(31) 1.120 C(18)-H(42) 1.101
C(7)-C(9) 1.526 C(19)-C(20) 1.399
C(7)-H(32) 1.120 C(19)-C1(22) 1.698
C(7)-H(33) 1.118 C(20)-H(43) 1.101
C(8)-H(34) 1.120 C(21)-H(44) 1.102
C(8)-H(35) 1.120
GbGoma 2. 339]& M0 Inb@gda N,N/-4(1-‘5QoaoséanwA-)BaS%nQnQaS-
3oM3dapalb Imemg3nmsda
>&mdo dnb@o >&mdo dgb@o
C(1) -0.054066 H(24) 0.087386
C(2) -0.148388 H(25) 0.086053
C@3) -0.098849 H(26) 0.096319
C4) -0.151508 H(Q27) 0.083117
C(5) -0.102800 H(28) 0.085012
C(6) -0.139692 H(29) 0.095660
C(7) -0.138015 H(30) 0.096343
C(8) -0.152297 H@31) 0.100387
C(9) -0.102054 H(32) 0.095390
C(10) -0.150812 H(33) 0.078391
C(11) 0.273802 H(34) 0.084532
0(12) -0.340073 H(35) 0.086421
N(13) -0.257243 H(36) 0.094217
N(14) -0.276524 H(37) 0.084515
C(15) 0.323973 H(38) 0.084454
C(16) -0.123725 H39) 0.237666
c(17) -0.092839 H(40) 0.247749
C(18) -0.126868 H(41) 0.144439
Cc(19) -0.041173 H(42) 0.156860
C(20) -0.131518 H(43) 0.155311
C(21) -0.071606 H(44) 0.157062
CI(22) -0.001455
0(23) -0.333553
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3bGMama 3. 33mgb@Ma 3nmbggda N,N/-4(1-.);933oS@anA-)BgG‘ananS-

3doA3dapab Imemg 3msda
>&mdgdo Jnobg, afonbo s&mdgdo 3nobg, afombo
C(1)-C(2)-C(3) 109.732 C(1)-C(2)-H(24) 111.198
C(2)-C(3)-C(4) 109.750 C(1)-C(2)-H(25) 109.488
C(3)-C(4)-C(5) 109.264 C(2)-C(3)-H(26) 108.953
C(2)-C(1)-C(6) 108.274 C(3)-C(4)-H(27) 109.918
C(2)-C(1)-C(7) 110.007 C(3)-C(4)-H(28) 109.822
C(2)-C(3)-C(8) 109.500 C(4)-C(5)-H(29) 109.581
C(1)-C(7)-C(9) 109.720 C(1)-C(6)-H(30) 109.237
C(4)-C(5)-C(10) 109.590 C(1)-C(6)-H(31) 109.209
C(2)-C(1)-C(11) 111.686 C(1)-C(7)-H(32) 109.389
C(1)-C(11)-0(12) 121.752 C(1)-C(7)-H(33) 111.234
C(1)-C(11)-N(13) 123.162 C(3)-C(8)-H(34) 109.892
C(11)-N(13)-N(14) 126.418 C(3)-C(8)-H(35) 109.720
N(13)-N(14)-C(15) 126.208 C(7)-C(9)-H(36) 108.984
N(14)-C(15)-C(16) 120.063 C(5)-C(10)-H(37) 109.919
C(15)-C(16)-C(17) 121.954 C(5)-C(10)-H(38) 109.878
C(16)-C(17)-C(18) 120.115 C(11)-N(13)-H(39) 113.932
C(17)-C(18)-C(19) 119.609 N(13)-N(14)-H(40) 114.214
C(18)-C(19)-C(20) 120.559 C(16)-C(17)-H(41) 120.646
C(15)-C(16)-C(21) 117.987 C(17)-C(18)-H(42) 119.933
C(18)-C(19)- 119.724 C(19)-C(20)-H(43) 120.424
Cl1(22)

N(14)-C(15)-0(23) 116.842 C(16)-C(21)-H(44) 119.640

AdCONHNH;-0b = s(30mogdol  bogsfomom 3894560b3alb mgmGommo  dgbbogmol 30bboom,
bobggMogddntonmo 3356@nM-dodoggmo AMI dgmmeoo gsdmgmgsmgon AACONHNH;-0b, dobo
3300 gdmo bogMmgdal s dmomgn@o 3Mmeed8gdol (AJCONHNH;-0b 3m383magdbo dss(z0-
0959 659M0056) Bo3md3bal gbmam3ngdo. AACONHNH,-0b s(30m0fgdals 36m3gbo Bomdm-

39030690 dgdmga0 Ljgdal dobgogoo:

HOOC—@—CHPCIS
CONH- NHCO—@—CI +HC1 (D)

2Hooc—@c1+p015 @
@CONHNHz COIl\I— NHCO—@C1+2HC1 (ID)
21 co—@a

2HOOC—@CH—PC15
CONH—Il\I— co —C1+2HCI (11T
Qe

babBynbo dsbdaemn 3nfggm, dgmeg s dgbedyg Mgodznado AACONHNH,-0b dmemg3memals 3n6ggmo
SBMEB0L 5@MALS s dos(30mmnMgdgma bagHmnl bobdnMdawals sGmAL dmEnl (Ren) owgdamemo oym 2.41 A,
boemm dgmEg Bgod30980 sdmEab dgmeg s@mAbs s daszomomgdgmo bagfmal Igmg dmeg3meals
bobdoMdowal 5&mab 3(*)60[) — 245 A, CI-CO-C¢H4Cl-0b dnsbemmgds AJCONHNH-0b 3menggmaboeb
bm(309m©g0mEs 0.05 A dogom. Gog 3ggbgds Jomob 5@mal, dobdomo 3sbs s AJCONHNH,-0b 3meng-
3ol Robobs(33mgdge bysemdawal 5@&mal dmEnb 3(30609dm©s Ren-0b (33em0mgdol bobJGmbyma.

LabE 3ol gbmsm3nal (33momgdol sBmFoYdemgds dgd@ g0 bogMmolb 3s6dombdg agohgg-
6gdL, Bm3 Lodogg dgdmbggzedn mz0bmdMngn LyMomn gMmo ©s 0gnggs. gb M 30EdYmads
dm (3980 30Mggm, 39-2 s 3g-3 boboddy.

bggds 4

63



64

03. ®335b0330mab babgmmdab mdamabab babym3dBogm 4bagzg@bagg@ab d6HM35da
Proceedings of Iv. Javakhishvili Thilisi State University
362,2008

-100

-150

-200

250

AH, gefdegra

-300

_35[' P R S R S | IR IR SR TR TR NN TR (RN SR N TR M T |
241 231 221 211 2010 1,91 181 171 161 151 1.4

Few. &

6sbsda 1. gbmsm3aab (AH) sdm3nqgdomyds

95d 300l (Ren) 3mm@eabs@sby
6953968980l 53303mmyMa msbsgsmomdabsb.

Pt dg@[ﬂl’} gi:LJ

241 231 221 2,11 2,00 1,31 1,81 1,71 LAl 1,51 141
Rep &
65b3bn 2. gbmsm3aab (AH) sdm3npgdomgds

957300b (Ren) 3mmA0bs§sbdg Mg53968930b
dmmayfo nsbsgsmomdabsb 1:2.

AH, §5%/d0go

2,412,312,212,112,011,911,811,711,611,511,41
Rew A

63bsbn 3. 963 m3nab (AH) psdm30m9dymgds
95d300b (Ren)gmmEonbs§ by Mgoag6§9dab
Immyo 056583GEMnbsb 1:2.
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LobEg3oL gbomom3ns ©LBYoLbIn ndMEgds Ren = 1.86 A 3603369mmdob dombg3e3mg, Gab
d99mgad(3 ob ImbmEmbyMma d(z0Mmgds. od@ngo00b  gbgMans 3oMzgmo  Mgadzoobamgal
dgoanbl AAH" = 136.3 3%/8mm-b (Ren = 1.86 A), 39mcg Ggogzoobomgals AAH" = 3554 3%-b (Ren=
1.81 A), bmem 35bs8g Mgodgoobomgals AAH" = 428.33%-b (Ren = 1.86A). Lsdogg Jgdmbggzedo
5(30m0Mgdol 3Gm39L0 gadmmgMm3mos (AAH = - 69.93%, AAH = - 78.23%/dme-b, AAH = -135.73%
dgbodadoba). sg@ngsoznob gbgManal domsmn s Bs63mddbol Lomdmb (g6msm3nol) s©gdocn
3609d3b69mmds Mgogd300b 3mmEE0bsG ol domgm ab@gMmgomadn dgmeyg s 3gLady Mgsgnabomgal
30mo0mgdl dsmn gobbm309mgdol 3(306g sSendommdsdy.

Bo@oMgdmmos  sbobmgbgdamo  sBm3gmabgdabs ©s N,N-poszom3nGobomgdol 336
L39J@BNmo S6omabo [8]. Gmammz 'H 336 L3g]EMgdolb 3gLBogmasd a30B396s, yzgmadsg Lybe
39mdo Mgbmboblbym Logbsml odmgzs MxgMo bobdoMmbysmdaymn §Moadgb@ 0l Jgbedsdabo
3MmEBmbo, bmmm dmogd ggmdo — s@835680bol 3gmomabama 3Mm@mbgda. Moz dggbgds sdowy®
Byomdowl, dobo dgbodsdabo 3MmEMbal Jodoyma Bsbszzmgds (CDCl3-dn) 68,04 3.8.6-0b Gmemons,
©90890m-ndgmombaymamdbodn 3o (bsgmmgdo IV ©s V), dgbsdsdabsg, 811,54 3.8.6 s 611,57
3.8.6. 3og3 gxucmm LabE 39mdo Bonbszzmadl Bgbmmu@o JoEmmdbomo (CD3),SO — bLbs@do,
dmogmo bysmdae®o 330l Bocdmgdbal aodm (812,8 3.8.6).

N(CH;3):-ganxob 36m@mbgdal Ggdmbablbyma bogbsmgdn gmobrgds dgmstgdoo dmogm
39do (83.0 3.3.6.).

smBs@ o 3MmBmbgda (IV-IX) 6sgmmgddo dggbedadgds AoMs §odab b3g]@Mmgdl; AM @ndals
L394&ML ,odmggs® (VII, VI, IX) bagfogdol sem3s@mma bsBoema, oz dggbgds X baghob, dobo
sOmM3s@ o bobomob 336 b3gd@ Mo AMX 803b dng3mc36gds.

353bLbbgmab Fgz3ms 3o3mgbol oM sbgbl L3gdEMab sEMBs@mmon Bobamoal Jodom&n Boba(s-
3mmgdal 860d369mmmdady.

Ro@omgdmmos (VIII, IX; X) obobogdgdyma Bogmmgdals BC 296 L3gdEOMma sbomadas [9].
L399&Mdo 3zox0meE M0l godmymanmoa 4 ¢dsbo:

1) sp’> 303600BoMgdmmo 6o630Mdamol 58m8gdal 0s35bmbo (505856@560b, Kamxgda) 50-40
.3.6,;
. 2) gemgd@mmnecymazom gmgdg6@msb ©s3egdnmgdamo dgmamol xanygdolb Jodono Bobs(s-
3mgds (6 40-50 3.3.6.).
3) sBmBs@mmo doGm3z0b 35350a96mm3s80 3985350 Bab3oGds@al sp” 30dGommmo 58m8gdals
dsbo.
K 4) yz9madg gy 3M60Mgdma BobdnMdaol s@&m3dn3omdmbarmal xamgol 3gdswagbermmdada.

6o(3 9996985 NN/-@os(s0m3nmabogdolb 336 b3gd@mmm aodm33mgzsb ((5bGnemoa 5), dsomn sdnw4)-
0 3OHMEGMbgd0b dgbadsedobn MgdmMbBsbLyymo bogbsma 3emobogds 8,8-11,6 386-30g (g53bLbgemn (CD;),SO),
615(3 503050 353mMathg3l 8501 EbsMBGBN 3BMEMBIBNLOgSE. 5©5356E06nl 3BME@MBgda 39mal yggme-
by demog boboemdns 3obmagbgdmmn s dsma (330 gdol sdsbmba d 1,68-2,14 3.9.6.-b dgoaqbl.
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65b3bo 4. N-[4-(1-505356§am)x9b0m-2-30AmJba-3,5-00dMm3d96D0mnwgbadnbal
dmmgimob ab b3gd@Ma.
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me.§. | Rel:12 08 L3gg@Mgdo, v,b3" 90 L3980 'H 3865( ©8bm -D) PC - (©8bm -Dg)
(8go/ Abs,Wav(nm)
°c Jeme6
mcgm
630)
3bMomo 4. 3bmgcnbgdab (IV-X) Bmgog@on egabgds s b3gd@myemo (06,30 s 'H 336) Imby(399980
IV | 212-214 | 0,78 | 3425(N-H), 3247,3047(C-H o6m3), 5=8.04(s,1H),8.52(s,1H),7.61(d,J=8.8,2H).-
2854 (C-H Ad),1650 (C=0),1604 6.66(d,J=8.8,2H), 3.01(s,6H),1.75(s,6H),
(C=N), 1519,1357(C-N) 1.96(s,6H), 2.07((s,3H),
v | 213215 | 0,83 3425 (N-H),3031(C-H s6md), 243(1.32), 34 5=8.34(s,1H),7.73(d,J=8.8,2H),6.71(d,J=88,
2900 (C-H Ad), 1650 (C=0), 1589 | (3.24),361 (3,29) 2H),6. 3.04(s, 6H), 1.78, 1.92, 2.1-
(C=N),1527,1365 (C-N) (m,Ad,H),7.18(d,J=8.8,2H),7.34(d,]=8.8,2
VI | 152-153 | 0,40 | 3448 (N-H), 3093(C-H om3), 2908, 242(0.86),33 5=8.18(s,1H),7.73(d,J=8.8,1H),6.68(d,J=8.8,
2846 (C-H Ad),1604 (C=N), (3.01),394 (0.42) 2H), 7.73(d,J=8.8,1H), 3.09(s,6H), 1.71,
1527,1481 (C-N) 1.79, 2.13(m, H -Ad)
VII | 193-194 | 0,84 3425(N-H), 3031(C-H s6md), 242(1.38), 275 5=8.54(s,1H),7.73(d,J=2.4,1H), 7.47(d,J=
2908,2846 (C-HAd),1612(C=N), (0.83),319 (1.06), 2.4,1H),1.78,1.92,2.12(m,C-HAd),7.25-
1589(C=N),1558,1450 (C-N) 334 (1.15),358(1.) | (d,J=8.8,2H),7.34(d,J=8.8,2H), 7.43s,1H)
VIII | 173-174 | 0,90 | 3247(0-H), 3093(C-H otm3), 2908, 207(0.56),242 5=8.07(s,1H),7.26(d,J=2.4,1H),7.69- 5=164.43,117.32,138.48,1
2846 (C-H Ad), 1627 (N=C),1558 | (1.44),289(0.5),33 (d,J=2.4,1H),1.73,1.88, 2.22(m,H-Ad), 10.43,158.07,29.13
(C-N),686(C-Br). 6(0.22),432 8.06(s,1H) 35.86, 42.57
(0.41)
IX 303 0,45 3278 (N-H), 3045 (C-H o6m3), 8= 11.54(s, 1H), 8.44(s, 1H), 7.22(d, §=172.6,148.22,110.41,13
2908,2854 (C-H Ad), 1627(C=N). J=2.4,1H),7.78(d,J=2.4,1H), 3.01(s,6H), 1.75, | 1.25,107.38,159.33,102.5
1.96, 2.07(m, H -Ad ),12.81(s,6H) 5,160.31,35.94,38.21,39.4
3
X | 212213 | 0,76 | 3278(N-H), 3070, 3045(C-H o6m3) | 242(1.31),285(1.6 8= 11.54(s, 1H), 8.44(s, 1H), 7.22(d, 5=173.3,145.88,120.86,13

2908, 2854-(C-HAd),1658(C=0),-
1604 (C=N)1527,1350(C-N),694,
555(C-Br).

2),296(1.43),339(
0.62)

J=2.4,1H),7.78(d,J=2.4,1H),3.01(s,6H), 1.75,
1.96, 2.07(m, H -Ad ),12.81(s,6H)

1.82,110.96,135.14
110.09,135.14,110.09,153
.5, 35.85,38.00,39.43
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3bMomo 5. 30M5bagdab (XI-XVI) dmaagman ogabgds s b3gd@Anma

(06 > 'H 336) 3mbs(393530

65bsba 5. N-[4-(1-303356@0m)g960m-2-30@Mmdbn-3,5-00d6AmMmId76bamagbndabab 3meng 39emals

S

LT Y

™. Re. 06 1b39d@Mgdol dmbo(393980, v, | 'H 336 L3gd@Mgdal dmbs393930
8- | 8gomsbmero/ L3 (DMSO -Dg)
C Jenmem-
gm@3do, 1:12
XI | 161- 0.90 3240(N-H),3108(C-H..), 2931, | 5-9.6(s,1H),8.98(s,1H),2.04
162 2854(C-H,), 1697, 1650, 1457 (s,3H),1.84(s,9H),1.70(s,6H).
(CONH),1373 (C-N).
XII | 200 0.75 d=11.4(s,1H),2.10,1.66(m,21H)
XII | 228- 04 3425(N-H),2923,2854 (C-H Ad), | 6=9.9(s,1H),9.5(s,1H),7.46(m,4H),1.9
230 1623(C=0), 1589, 1457 (CONH), | 9(s,3H),1.87(m,6H),1.69(m,6H).
1218(CN).
XIV | 200- 0,64 3448 3386(N-H), 3178 (CH...) 5=10.08(s,1H),9.2(s, 1H), 7.9
210 2931, 2854(C-H, ), 1681,1643 (d,J=8.8Hz,2H),7.4(d,1=8.8Hz,2H),-
(C=0), 1373(CN). 2.05(s,3H),1.9(s,6H),1.66(s,6H).
XV | 110- 0,35 3448,3394 (N-H), 3093, 3030 (C- | 6=10.54(s,1H),9.36(s,1H)8.2 (d, J=
112 H,..), 1681, 1643 (C=0), 1357(C- | 8.8,2.4Hz,1H),8.56(d,J=8.8 H z,1H),
N). 7.66(d,J=2.4Hz,1H), 2.06 (s,3H) 1. 93-
(s,6H), 1.74 (s,6H).
XVI | 140 0.52 3355,3278(N-H), 2854, 2723 (C- | 8=9.9(s,1H),9.4(s,1H)9.6(s,1H),
H,,), 1689(C=0), 1589, 1457(CO- | 7.64(d,J=2.4Hz,1H),7.53(dd,J=8.8,24
NH), 1373 (C-N). Hz,1H),7.4(d,J=8.8Hz,H,2.06(s,3H),
1.96(s,6H), 1.68 (s,6H).
i
|
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MODIFICATION BIOACTIVE COMPOUNDS-AZOMETHINS
AND HYDRAZIDS WITH ADAMANTAN STRUCTURE

O. LEKASHVILI, N. LEKISHVILI, Z. PACHULIA,
M. LABARTKAVA, D. ZURABISHVILI

Iv. Javakhishvili Thilisi State University
Summary

To obtain new ligands for coordinative compounds of d-metals the condensation of hidrazide of
adamantan-1-carbonacide, 1-aminoadamantane and 4-(1-adamantil)aniline with aromatic aldehydes have been
carried out.

The acylation of biologically active adamantane-1-hydrozide of carbon acid by acetanhydrides and
chloroanhydrides of the corresponding aromatic acids has been carried out in different conditions, with
formation of diacylhydrazides in the presence of bases. The electronic structure of the molecules of the
obtained compounds and their reaction ability are estimated by quantum-chemical semi-empirical method
AMLI. The data of IR, UV, "°C and 'H PMR- spectra are presented.
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4. Bunozenue 1 BUHOTPaACTBO B MosoBe. www. vinmoldova. /rus/section/547/.

5. [Ipoaykuus u o0opyaoBaHKE A5 BUHOACTMs. www.almash.net.md/ produkts 3.html.
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THE PRODUCTION OF UNIVERSAL, THERMAL- AND CHEMICALLY STABLE
MICROFILTRATION FLUORINEORGANIC MEMBRANES AND THEIR APPLICATION FOR THE
FILTRATION OF DIFFERENT LIQUID SYSTEMS

R. GOTSIRIDZE', N. LEKISHVILI?, KH. BARBAKADZE?

! Batumi State University, Faculty of Engineering and Technology,
Scientific-Research Institute of Membrane Technology
? Ivane Javakhishvili Tbilisi State University

Summary
Universal, thermal and chemically stable microfiltration fluorine-organic membranes with various
porosity (0.1+0.4mcm) based on industrial polymer — fluoroplast-4 have been created. It was established that

the obtained membranes can be successfully used for the filtration of various liquid systems — drinking water,
national wines, extracts of herbs, biologically active compounds and medical preparations.
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3301MRIM0 »I3M3IBROBNIBN
d- RO f-3Q3I3366330L JNINNOL
LOBI3ITI3AM 3VALAL LEI3TI3NLYAZNL

%. 39RV(0dI, J. 3NM&30dI

03. gogobadgomal babgermdals
@domabob babgmdBogm nbogg®Lbodg@o

a0Msdsgsmo d — bgFnal gmgdg6@gdab gobmsoggds 3gMamomm Lob@gdsdo gobdnmmdgdamons
(n-1)d s ns(n=4,5,6,7) mGdoGomgdol gbgMa98039mo dpgmdstgmdal bosbemmgam. sa30mgdgmos
5006036mb 93 gmg396@ ol edsbobnomgdgma LagMmm mgobgdgdo: yggms domasbl sbabosmgdl
(33990500 756330L bomobbo, oo Lodsgmyg; Mmammz bgbo mE3g9d00b domam §qd3gMaGmady
3 sbaboomgdm s@m3nds(300b Jomama gbgMans. Dmga 3omgabl sbsbnomgdlb domsma gmgd@Mmasd-
&omds (Cu, Ag), bgasd@otmds (Nb) s 53gcm3aabg@obda (Fe, Co, Ni). domo Mgogznobnbomosbmds
3003560 J39%a0RB0L 39@omgdmsob dgsmgdom @edsmoas. bGebmo@mEmmoa gmgd@mmumoa 3m@q6-
(309mgd0b 86 3603d0 domn 1358 gLmds bysmdomolb dg3ga aslb (goMms 3d-5m 53968 9d0b, mmmon-
Lo s 3odoyydabs).

d-bgFool goMmEsdsgomo dgGomgdolb mjboEgdo s LYYMBoEgdo sdsmo ¢sbazol bamobbom
(335000 39003 960mmdals BoDdgdos, MMImgdobmgzgabsaz v Ladsmmmosbn dgwagbommdol dmwdo-
3m00b o KM FoMmdosms 3obmbgda. domn bagMmgdo ¢dg@gbow dgxgMamoas ©s bsjmgdsw
3aMa©0, 300Mg dmagamn 43gxanRob gmgdgb@mes bogMmgdo. BMm daMawgdns 0d gmgdgbdg-
30l bogMmgdo, Mmdgmms sbobosmgdm d3, d1° gmagd@Emmbamo 3mbgogn@ssngdo. 83 gmagdgb-
890y s 3omn bogFmmgdal 305398y o go3mgbsl sbgbl d-d53m3330L s MebmsbmayMa
f- 99399330L g839@gd0. LbmEgo mobomsbmana 393330l go8m Zr s Hf yzgmedy dbgogbo bygo-

m0d. bbogmgdol dmmm g8e3dy ynMommgds Mbrs asdsbgomogl d-gmgdg6@gdal 3Gsd@ngmem
3603369mmdoby.

3d-bgFoob gmgd96@9gdob Jodnol L3gz0gBngs: YuMomgds YYbws asdsbgzommagl o3 byl gmg-
3968 gd0b gndaal 8baogbgdady s asbbbzeggdedg 3dady gemgdg6@gdal (4d- s 5d-bgFaal) Jodonb-
306: 3d-bgMool yggmes gmgdgb@obomgal (Sc-sb Zn-3wg) sdsboboomgdgmos ghma Gndolb joomom-
b0 v33m3m33emajLbgdo 3(H20)62+ o 9(H20)63+, »30bgdgdom 3bgszbo D0 mjbowgdan, I(OH)2 3ng-
mgbogdo, Lyymesdgda, bLymynEgdo, 3omombyMo, sbombyMo s Byo@Momumn sdsmb3nbymo
5 domambdnbymo 3md3mgdbgdol IMsgomeygMmmgbads: Gg@MmogMymoa, dMEGyYgm-3350MsG o,
3390M5@Mm-306053004)m0 ©s MIGogRfmn 3mbgoanmszoom. 3d-bydool dg@emgdal 3mmEoo-
bazommo Mosbgn, GmamE(z Bgbo, MBEm ©sdsmas, 30Mg dsmn 3dadg sbammmaqdals, Bo(s s@m3nMa
(5 0mbyMo) Moobgdal goblbbzeggdom ofal godmbzgmma. (8dadg dg@omgdal Moanbgdo 15-20
63-00 3@ 0s). dommgbn ¢sbaz0b baMobbdn bodmdbnsb 3g@mmdbomme bog@mmgdl, bmemm ©sdsmo
7963300 baMabbob @MmL Jofomdbasgh domowadl.

4d- o 5d-bgMogdal gemgdgb@gdabomgal dsboboomgdgmos ¢gobagzal ¢dsmmgbo baMabbo, @o-
3ob30byGn s Sbombymn 3m33mgdLgda. 3d-gangal 3g@omgdobast asbbbgeggdom o3 gmagdgb-
&9dL sbsbnsmgdm own LEMsgy3s gmgd&®mmbadal asbyzomgdabowdn, sd0@m3 ndznsmsw bomdm -
36006 domambdnbym 3md3mgdLgdl. 3Mad@ngnmar PA(II)-ob s Pt(I)-ob c0;ddol yzgemes 3m33emyd-
Lo EOdOML3NbYMO s MG Ygm-3390MGMms; 338 BMATab LG sdomads300L bgmb YBymdL mogsb-
©980b ggmo. 8dndg (4d, 5d) aoMmedsgamn 3g@omgdolb s@mINE s nmbaE Maabgdl dmMal gs6-
Lbgoggds domnsb 330699, 530&m3 obnbo Mmomddol gfma Godob s ghmbsnma mgobgdgdals 3dmby
boggdL B563mJ36056: BEMM0EgdL, mdbogEmMMwgdL s dsm dgbadadol 3ma3mgdLgdl.

3d-bgFnnb goMmEsdsgamn dg@omgda 4d- s 5d- bLyFngdol 3g@omgdabgsb dogbo@nn mzabgdy-
doma(y 8603369mm3bo gobLb3e3gd0s6. 3d0dg 3g@omgddo L3nb-m@mdo@smaman YHMngMmJdgoa-
30l godmng@gdol godm, doabodmo Im3gb@gdol domgdmemo 360336gmmdgdo o6 dggbedadgdosb
doo o@m3gddn gobygzomagdgmo gmgd@mmbgdol Mozbzb o 93539 MML 3063536798 0b30 M-
3000900 brgds &q33gMsdmady.

350 LdgMmm Mzg0bgdgdabs, NYbEs 50bndbmb d-gmgdgb@gdab (3om3gumo ganygdob bdgso-
B03YM0 m30bgdMEgdsbn. Bogsemoma, Sc-ab Jodns 8basgbos Al-ob, 0@EMandal — 0dz0000 Baboms
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39@omgdal dodoob. &0n@obob J3gxanyob gmgdgb@gdobsmgol @odsbsbosmgdgmos mdbogdals,
bo@Mowgdols s 39MdnEgdol dpaGopmds s dbgmmmmdamds, 808 obs@qdalb s (306 3mbsdgdals

abbBomds, 3g@&omgdal 3mEmbogmo daMmomds. 396sandal Jodns god8mamAgzs ¢sbagzaol bamab-
bols 3MogomxugMmgbgdoom, bomds@gdl, 39650089dL s BobBoma@gdlb sbsbnsmgdm Mblbswpmds s
3mmng3mbmabla(zns. JMmMIal s 85b6asbmdnl Jodos babosmwgds d5-bEMYJG Mol bogmmgdal
daMamdom, ©dsmmgbo ¢s6a30L baMobbol bogmmgdalb NdaMomdoo s ¢sbazobybasmosbmdam.
VIII ga9930b d-gmgdg6@gdnbosmagal mbos s0blbsl domo mzabgdgdol dbaszbgds; doma, Mmam(y
333 ggLBsM8mM3J3bgmgdal og@&ngmds s asbbsMmmgdamma 39@omadMa m30bgdgda. badasl-
doo bms 50bndbmb, Mm3 I (B) xanxnob gmgdgb@gdobmgol sGes @edsbsboomgdgmo mgobgdgdal
3mbm@Gmbymmds. Cu ms30b0 m30bgd9d000 Fe-ob dbgagbns, mg@mb Jodos 3md3mgdLbsgdmms (Jemm-
009d0b, (300600950L) Jodoss. yuMomgds gbws dngdigb Cu(LID) s Ag() dsmowgdalb L3g30x30-
306 03069093L. 356bs 3MnMgdamo ombndzbol mambos, nmeol J3gxanxrob Jodos, ob gobbbgeg-
©qds &ndnmo d-gmgdgb@gdol Jodoobasb. d-m@do@omgdal Jodoym 339ddn o6 dmbobomgmdal go-
dm. yeomgds gbws 30gd(39L 93 xanBoL gmgdg6@gdol bogfmmgdol 3m3omgbBn® dybgdsl (as6-
Lo gmomgdoor Hg-ogal).

5033600 g@&o3dy yuMomgds Mbws d0gd3gLb goMoadsgamo gmadnb@gdal 3ma33mgdbBsmdm -
360b 1boML, Moasb bdnMmow Joma 3mMd3mglbnMa BogMmgdo go3nmgdom dpaMeEgdos, 3oty Bam-
dm343bgemn doMGng0 BogMmmgda. asbbs 3mcmgdoo smbsobndbsogns 9.6. 3mab@gmgdo Boma 36od@034-
o 3603369mmdalb godm: o s@dmohbrom MbogomuEa 3oGomadyMa od@ngmds, 398 gMmadgds-
@0 3mab@gMgdobasb dgbodmgdgmo gobos symom ©s gogmEgdbozsdo gsdmygbgdyma 3madm-
396960, ge@meabdgmbommoa 39bsbmdgdal ©edbswgds s 3mab@gMgdal asdmygbgdom dndwn-
batrg 3Mm(39Lgdoo dgbodmgdgmo gobos bogomdal gbymanmgds, Msi 8g@ew 360d36qmmasbo
93MMa0)Mo 3GMmdemagdss.

f-9m9396@98ab LBsgzmgdalb L3gzogxngs. f-9mg396@9d0b (Mbmsbmowgdol s oJ@&0bmowg-
d0b) aobmaggds 3gMomeme LobEgdsdo s dsma gomabBMcn dpagmdamgmds gsb3dnMmdgdmmoas (n—

2)f ©s (n=1)d (n=6,7) mMdoBomgdol 9bgMag@nznmo dogmdstgmdal bosbmmgom. s¢y30mgdgemos
50603bmb, HM3 Mobmobmowgda dbgdadn bszdomm aogM(39mgdnmo, 3ogMad domnsb goxsbGmm-

bo 56056, osbmmmgdaom 250 d0obgHamal dgdsmaqgbemmdadas sm8mBgbomn s doMomsms® JMma®
dm0n3mgqdosb. oz dggbgds ©9&0bmowgdl, obobo yggms Moomad@oymas, s30&md dmbgdsda
336300905 dbmmmE cxmGandn, 3GME oG 0bomdn s YEsba (dsmn 0DMEGM3gdal o babgzemsd-
mob 39Mom@al godm), sbsmMAgbgdn 30 Jomgdmmos bgmmgbafow, doMomgmo Mgsdiogdoom g 3e-
6oL 3bgmo 60-70 Bemol go6353emmdsdn.

3bmobmngddn 4f- s 5d-mEMdo@omagdal 969Mangdals 3306 gobbbzozqgdols godm, momm b
Bmaxge Mo (3sg., Ce-Si) 4f-gmgd@mmbo sz0msem 5003 bbgds, 450500l 5d-mEmdoGemdg, sdo@ma
domo gobggol bomobbo ©3g@gbow +3-00 @ oMo +2, Momog gdbgogbgdosb Sc-ob Jagxanaob gmg-
396870L. 0330LGam dpamdstgmdada Godymn 3g@omgdas, domn mdbowgdo s dommdbowgdo
39dg 6bgdanbos.

0J&0bmogddo 5f- s 6d-mMdo@omgdo gbgMag@ninmon 30wgs YBO™M dbrmb sGol gMmds-
by b, 530@m3 doma nMzgmo 6936960L 5f-gmgd@EmmMmbgda NRGm sE30mo© 350506 6d-mMmda-
&ombdg 5 Th-sb U-30g 996330L bomobbo nbFgds +4-©sb +6-3g. 3m3mg3bm gmgdgb@gddo beog-
35 5f-mMdo@omal 96gMa g0z nmoa bgsdomadszns, gmgd@&Mmmbgdal 53bbgds dmambmgl 398 gbgm-
3050, Mol go3m(3 ¢gobagzolb batobbo 3(300mgds +3-dmg. Jombgoszsn dsma s@m3gdals M3aMsmda-
Lo, 938 Gogolb 3oMggmo dzomn gmgdg6@ oL mjbogda, dsmoragdo, dnmmibowgdo I(OH): — gudg
d96gdabss.

4&omgds mbes godsbgamogl dsm 3@ nmm 860d369mmmdady. 3gMdmm 24U ws 2 U-ab ao-
dmygbgdadg doGmgm Mgod@mMgddn, Moz 96gManal byseimzes s s@m3nma dm8dab dmJdgmgdals

bogmdggmo(s, safgmgg 28U-sb 3em@mbogydol (2Pu) domgdadyg, Mmdgmoag sbggg aodmaygbgdos
doMogm Mgsd@megddo.
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METHODICAL RECOMMENDATIONS FOR TEACHING BACHELOR
COURSES OF d- AND f-ELEMENTS CHEMISTRY

Z. MACHAIDZE, K. GIORGADZE
Iv. Javakhishvili Tbilisi State University

Summary

The methodics of university courses teaching of d- and f-elements chemistry has been worked out. Methodical
recommendations are appealed for d- and f-groups and also for concrete elements with specific characteristics.
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J. 30306303300, 0). XM3IJ560dJ

03. ®o3960d30em0b Lobgmmdals
odoabob bobgmdBogm nbaggMbod g

®RIO 30093 asbamo Loy gmbob s bbgddn nczmgdmes, MM Jodoy@o 335 dg@oma — bab-
JoMdo@o dg@ommMasbnm 6s9Mmgddo Mdmamemn oym. o335 sbms hzgb gozom, HmI gb sbg o6
560b. dMomm, J0dozmbgdds 35306 56 0(3mM@bb sLgmn Bogmmgdals Bomgds s o6 a(3MEbYb, oy
Mmam® dgodmgdmes 33 83alb LGsdomnbgds. Mgzmeyyzos Imbs asbyyma Layyzmbol 50-0560
Brmgdal @sbobynlidn, Hmmaba bobmgbamgdamoa 04bs Bgdmgbo — Fe(CoHs)a. 93 00dmbgbals s38m-
930 (300emmdbg6 Jogmmo HsCs-Fe-CsHs §030b bog@ma Rggmmgdmngn Fe-C 6-335d0m o gnbso-
06 35306 (36mdamo agm, MHm3 sbgon 33gdo goMmadsgamn dg@omgdal 3mbsbomgmdom sMedmams-
00, MomMgbo 85330603959 mbo aMRbYL, Hmogbag sdmakabgl, Hm3 dsm 3ngM domgdymon bogM-
00 3obbs3mommgdymo dpgmemdom godmombBgmos (ngo 0dmagdmes dbmem 400°C-0ls bg300).
3og ™33 MHmEabyz 93 bogmogMgdol LEENIENMS 046s oagbomn, sMdmAbos, MmMI 3ol goshbos
»096@30RNLYdNEN" BmM@Is, Lawas (303emm396@ 9@ bamals dofm3zqdo 9M®356900L JoMmomgmuFo
3009856gmdgb, 3060b 58 ™30 30 0dymgzgds Foo IMEl s MBIdMIESS (30 gdmmo babdamdowals
50039 5&™Iabogsb. Msdwgbndg bemal d930ga @obnbmgbgdmm 0dbs ©ndgbdmedcmdn Cr(CsHe)iz,
MmBgembog sbsmmmanym@o ,LgbngohabgdnEn® smbogmds aoshbos s dmazeglb 12 gMmo s ngn3g
Log@dalb Cr—C 33sb. 830l dg3g0ga Fomgdmmo 0dbs 00mddob yzgms aoMeadsgasmo (s 39360
S3M085M@adagamo) gmgdgb@olb dgbadmagdgmo 3m33mgdbo momddal yzgms YrgH ®Eaobym
m0gdbEmab:  mmgxz0bgdol, o539&0mgbgdal, smomgdol, dmbmogmy®o  CnHn(n=3-8) o
3mm0(303mM0 bobdoMbysmdogdal s sbggg domo 3Msz39mE0(3bmzgebn Bamdmgdmmgdal Roomg-
moo. 5bsbndbsgns, Gm3 LEmMgo 98 Lodydomgdabogol 0bgmabgmds Jodogmbds  Rguco
M0m3obbmbds s agfM3sbgmds Jodngmbads gMbLbE m@&m xodg®mds 1973 Bgmb bmdgmal 36gdns
doomgb.

8%3@0 5b0dbymo 3m33mgdLolb gobbs 3nmmgdamo magabgdamgds dpagmdsmgmdl ndsdn, Hm3
(396@MommG0  58mIn, GMmamEz bgbo, ©o39330Mgdgmoas  babdoMdawal  sMs  ghm, oMsd e
9POEOMms Msdgbndy os@mMBmsb ©s 33 dgdmbzgzedn bomdmngdbgds (396@MamuMa s@m3danl
36035 (396@M0obn 33gd0 MmMasbymo moasbool BMegdgb@omsb (Mmamti gb ggdmzgbabs o
©0896bomdmm3ob dgdmbgggedns). bomgmaos, Gmd o9 moasbool Mmeda asdmeol dg3Lgdmmo
9m9d@Ombymo aombgdol 3dmbg bgo@Hemuma dmemgimms (gmomabo, 5(39&0mgbo, 396bmmo ©s
5.3.), 85306 yggems 33sb — 3g@om-mngsboo — 9936 @MbmEAm-57393@mOma 36 @s@amEa babosma
(3m3omgb@mfo 33530 3o LogMome of bomdmngdbgds). s3GMngse, yzgmes 3dbasgbo bogHoma
BoM3moamagbl 3mmMmabsznmm BogMol (ndzs DmangMo domasbdo g3bzogds sbgzg hggmmgd-
030 MM 9mgd&Mmbosbo 6-33580(3 M-C, Hmdmgdo(s dgboggMobo mogsbogdol gomgdmzgado sbggy
dgodmgds 9@ bGsdomm@o smdmAbobgb). 306500056 YR MMasbm mMngsbogddn dmbsdmgmy
020d&Ombgme  @mbggde  (dgrs 3g3bgdgme ©d J3gme  393obGYM0) vagdgmos T Godob
M0 omgdabasb, 538 mngsbgdol dgbedsdabn 3mmEmEabssoyma baghmgdn nbmwgdosb sbggg m-
3M33madLbgdoc.

aobgobommam yggms gb sb3gd@n xgmmgbobs Fe(CsHs), o goMmsdsgomoa dg@omgdol bbgs
»0g6@30RNLdMEN" 3M33mgdLgdal ogsmomdy.

MMame(3 3o oEa0bos, MM BgMmgblb asshbos mhzgmmm, ,LabogoRabgdyma® LEGYJEnG.,
©o0bym dabo dmeg Mmool 33568 9M-3gds603m60 gomgmgda. 13065b 369 MM yzgmes gomgms
1bgoyMo bobggMow gddntagm babosmb s@ofMgds.

503960 0gbs, HMI BgFm(3960L dmemgimmada yzgems Fe-C 380b LogMmdg gBmbsntas, s308m3
s 30magdgmos gsbboemmoa 0dbsb 3060L o&mBob 33930 CsHs-ob doGmmgmsb domosbmdadn. 0d
dgdobggzado 3o, o) dgdmgogemgmgdoo CsHs dofmomgol m-gomboor, dmbammmebgmos bLodogg
dgbadmagdgmo 8030l Fe-(CsHs) 3930l bomdmddbs: — 3mzomgb@mal, mbm®em-s4(393@mEmmab
5 3G0@al, Gsdgoe CsHs-ob doGmgdn g3od3b gfomn gonbygomgdgmo gmagd@cmba, ™o
39396@ M0 T-mMd0Gomo s Mo gondosfgdgmoa TT-gmgd@Mmmbamo bygoema.

0bgmobgmo s 339Mnggmo 333mg3Mgd0 Bgmm(39630 5MLdmma 8dgdals dybgdal sbablbbgma
1306058 9LMdsL 560ggdgb Imemgz Mo M@0 ermgdal mgmGasl, Gmdgma dmBmwgdeymoas dm-
B0@0b dogH. 88 035mbsdMEbOL Fobgmzom G 3060b oMLY s (303mM396E 90 6ol doFmmggdl
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dmMob saomo og3b dbmmme ghmo gmmgsmadgdamo 3mzemgbca ddob Bo63dmJ3bsl. 53 dm-
LoBMYdob goboggdem s 0dabomzal, HM3 smobgmmb 3390l BocdmJdbs ggMm(396dn, Lagnms
(39 (3939 0465L gobbomyma 3060L 58m3abs s MMasbyma mogsbool — (303mmmM3gbGongbo-
mob m@mdoGomgdo. ggM asbzobommo dg@omol s@mdol mMmdoGomgda. M3060L s&mdals doMomaswo
3amdamgmdal gmagd@Mmbamo 3mbgngn®azns (bogamab@m 36ob) godmabsobgds dgdmgabsomam:

3d2,%3dl, 2.2 3dl, , 3dl, , 3dly, 452 4p0, 4p0, 450,

Lodg@Monl Mz5mbsdHbom 3dz2 o 4s m&MdoGomgdl goshbosor ghmo s ngogg mgobgde:
MmM039 350ga5b0 0635M056@Mm0s (g.0.9(33gm0s) 3@MBdoGmngal gocdgdm abzgMboabs s z mgm-
dob ao6dgdm d6b3zolb dodotm, oy z mgfdoe hogmgmoom dodsMoyymagdsl CsHs-Fe-CsHg 335800
aoLbgmng (g9.0. (303mM396@90gbol doMm3zgdobs o M30bol 5&mdol dgdsgMomgdgma LEmMAL),
3530b mM0gg 5bodbmma mMdo@omo dmmaglbgdymo 046gds domamo gmgd@Ombamo bLodzzMogol
1d56dn, 8do@md domon gbgMans as0dMEYds, Moz 3sdmabggsl dsm ©gbBedamads(300L. (39,
300000056 0mbgdL assRbosm gMmbsnmn LodgGMns S esbEmmMadom Mobsdomn daMmamds (Mo(3
0mbaba300L gbgMgnnm gobobodmzcgds), 8sm dgmdmosm Bs8mJdbsb mMa sbamn dadMowmmo
mEdo@oma — (ds), o (ds),:

7(ds)| = W(3dz2) + W(4s)

7(ds)y = P(3dz2) - W(4s)

O =~ G P~ — —N

Bsbsba 1. 3adMayma (L), (3) o (L), (3) MAH3aGSmgdab B5AIMJ3bs

bob. 1-Dg boR3969800 98 ndFMo o mEo@omgdal babsbdmgmm bgmsedamgda.

Mmame (3 3b9003m, (ds)r-m@mda@oma dmog 50l go@sbgmmo domamo gmagd@cmmbama bod3-
030b d60sb, HmMIgmbaig J360sb (303emm3gb@ongball doMmmzgdo; 35306,0m@gbss (ds)] m&-
do@omo 33 ¢do6dn 0dymgzgds. Lbgs LoGygzgdom Gm3 gogdzem, 3oMzgmo m@dodomo (ds)),
39mgbmsb dgaMgdoo 3g@omss bGsdomadgdama sd0@ma 3obdg Immagbrgds Mmoo gmagd@cmboa.
03M0g50, 3060L 5@m3al o3bbgdal dg3ga 3dz2 5 4s mMd0@omgdal 30dMoEnds300b dgogasm
dogdamo mfo 30dG0Emo MmMdoGomnsb gmgd@mmbgdo 0o3bmgd0sb (ds); MMdnBombyg. 535L-
56539 3dXZ—y2 5 3dxy m&mdo@omgddg bogds gmgd@mmbgdal gobygomagds 0o g3gem 39630 3060l

s&mIal 3omgbB Mo dpamdamgmdol dgbsdsdabn gmgd@Emmbymo  3mbgoan@oos dgadmgds
a0dmabobmb sby:

(ds),? 3d2,2,23d2, , 3dL, ,3d", 4p°, 4p", 4p°, (ds)’,

3
[T [T

A - O

6sbsba 2. CsHs-0b ImmgimaFo mAdogsmgda
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sbems  gobgobommoe  (303mm396@0wngbol  Mowngomgdol mMmdoGomgdo. 3oygzgmolb dmmg-
JNEN60 mdoGomgdol cgmMonl msbsbdo, m-gmgd&®mmbgdobomgal (303mm3gb@owngbals Mo-
©035mdo 5AbgdmAL Ladn 35353306 7dgmn S MM 4530ndsgn dmeg MM MmMdoGsma (65b.2).

53 boboddy yzgmady dmogMo ©sds3o3d0Mgdgmo m@mdoGomo smbndbymos @p-0m. dob o6
355hb0s 0bg9Mboal (396@0 (g.0. 96 033mol Babab 60dsbl). dgmemgdom dpgmemn MMdoGsmgdas
35005335093 mm0  mMdoGomgdalb bygomo — @41 © .11 moomgam Jsmasbl asshbos momm
0b396Mbools (396& M0, GM3gmo(z 3gdsmgmdl dommgal LodMmEyol 3963960 Mmamm LndMEygdo;
(303m396&ongbols  d0Mm398L 3093 asshbosor @M  dsmemn gbgManal 8dmbg mEggE
350053356 9dmmo MmMdoGomagdol Bygzomo — @ 1o ©5 P, HMIGE®egsb mommgnmb mGo abggmbonl
396@M0 odgb doMogal LadGEGYoL dndsmo 3gM3gbraznmetigm LodMEGYgdn. s3Mogow, C,Hs

dofmmggdal dofMomawn damdstgmds mo30bmagao MMRGMS 3osa30M dmmoa, Moz dgodmgds obg
aodmabobmb:

(00201 20D @5 (00201 (01)?
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6sbada 3. ggMm(3g63n 5@Lgdmma 3393a0b 9696398030 ENdaMS3>

dggohomo gfm-ghmo domgsbn, dsgomomom 3oMggmoa. sbms gsbzobommm, o Gmamo
339000 mg000mb BgMm(396d0. @nsgMsdal Laboom aboba dm(393mmas bab. 3.

od godmbabymoas dgGomal, CoHsz Mowogzomadol @s mgommb gaMm(zgbol mmdnGomgdol
96963980310 g5bmogqdalb dgbadmgdgema Mogo.

MMame(3 ©0536M030@sb Robl, mommgmma CoHg dofmmgo 3g@&ommsb ©s393306M9d4mas gMmo
3M35mab@ e ddom, Mmgmaz Bo3dmnddbgds ghmgmgd@©mmbasbo ¢ 1 mMdoGomal gs@ogsmgom
39@omab gMmmgmgd@®mmbosb 3dxz ob 3dyz m@mdo@ommab, 306500006 83 MmEMdoGemadl asshbosc
96mbsnfn Lodg@Fns, b4 0bggMbool gema (3960 Xy LodMEYgdo s gMmbsnto gbgMans. z
0gdob 30dao 83 33930 goshbosm T LodgGFne.

bgImombndbymo 3390l BoM3dmJ3bsdn msgabo Bgmoamol dg@obs dgydmoaso mE bLbgs Labob
3dgdbocs:

8) 3MmmEAEobsgogmo 6-33s, Mmdgmoas dgodmgds Bomdmagdbol mommgyma dofogal ¢, -
mEd0Gomadol Mo gmgd@®mmbobs @s 3060l 5&m3ob magabygamo 4p mEdo@omgdal batix by,
MM3gmms(3 gMombonmn bLodg@Mos goohbnscm. oaFod 3nbsnsb 53 MMmdoGomgdol gbgMHangdl dmmals
bbgomds Lo 3dsme a@ns (656.3), gb 63s LyybEn 0dbgds.

d) G3060L 5@m3al o 3d2X2—y2-m660@oQ360g906 mE-m60 9mgd@®mmbo dgadmgds gooaznaglb
CoHjs Go@njomgdol o309 @10 © 99 MmMdoGomgddg. 30bs0@eb mMdn@omgdals 93 mMngg
XangL aoshbos abzgMbool mEo (396@Ma 330b mgMdal 39639603 mmammm Xy-bodMEygdo, gb
33980 dg0dmygds smobgfmmb, Mmame s ¢ 33gd0.

330b gb @030 dggbedsdgds gmmgd@®mmbgdal ¢39a0@e@obsl 3g@omnEsb dofmmgdy, Mo(3 3oM339-
a0 batobboom 03m3396LnMgdL dofmmzgal 3s303d06909mo MmMdaBomgdol EmMbmMm mgabgdgdl.

03M0g50, M3060L 5@mab yzgmes 3d-m@do@omoa dg3Lgdyma 3odmmal; dgbadsdabsw, bogmma
“1bs 0gmb 0sdogbodMn, Mo Jomma (s 3@ 30(390nmos g4b3gMndgbdmmac.
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030bomzgol, Moms (303mm396@ o babs s Lbgs sbsmmaoy@a babdnmbysmdowgdal bgbogohal
&030b bogMogdo, Hm3mgdda(z 8dgdo T gemgd@H™bgdal Imbsbamgmdam bomdmngdbgds, gobsbbgomb
bbgo G030b, memmbo mogsbgdolb 3533390 bogMmgdabegsb, bybwgohal Godalb bogmmgdol obsbg-
mgdsdn Ratornmos Bobogdmmo 7-; dogomomse, ggemgbo 0bmeagds dab-(m-(303mm396@9©0-
960em)M 3065(1l)-o00.
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SPECIFIC CHARACTER OF CHEMICAL BONDING IN METALLOCENES
E. GIGINEISHVILI., T. LOBZHANIDZE

Ivane Javakhishvili Thbilisi State University
Summary

Specific character of chemical bonding in metallocenes has been discussed providing the case of ferocene
molecule as a relevant example. Atomic structure of iron and detailed characterization of cyclopentadiene
nuclei molecular orbitals have been presented. Based on this information and using assumptions of molecular
orbitals’ theory, formation of molecular orbitals for ferocene molecule has been described. It has been
mentioned that not only covalent but also coordination n- and dative bonds have been detected in a ferocene
molecule.
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ALGEBRAIC-CHEMICAL INVESTIGATION
OF CARBONATES OF GROUP II S ELEMENTS

M. GVERDTSITELI, G. CHACHAVA
Iv. Javakhishvili Tbilisi State University

Contiguity matrices of molecular graphs and their modifications are widely used in algebraic

chemistry[1]. Quasi-ANB-matrix (ANB) is one of the type of modified contiguity matrices. Its diagonal
elements represent the sumps of atomic numbers of chemical elements — which structural fragments of
molecule contain; nondiagonal elements are multiplicities of chemical bonds [2].

The data of AG2098 of decomposition (kJ/mol) [3] and corresponding values of A for carbonates of
ANB

group II s are represented in the following table:

Table
Carbonate AGfgg (kJ/mol) A ANB
BeCOs -30 16
MgCO 65 356
CaCO, 130 596
SrCO; 183 1196
BaCO, 216 1676

The simplest model was eleborated for carbonates:
M-X (1)

where M is the element of 1T group s, X — COs. Corresponding ANB matrix has a form:
Z,2
2)
27 co,

. . 0 .
Correlation equation AG,gq ~A _  was constructed on computer and it has a form:
ANB

AGly =236.00 1g(A ) -536.80 (3)
ANB

Correlation coefficient r is equal to r=0.978. Thus, correlation is satisfactory (according to Japhe’s criterion).
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ALGEBRAIC-CHEMICAL INVESTIGATION OF CORRELATIONS “STRUCTURE-
PROPERTIES” FOR HYDRIDES OF GROUP VI P-ELEMENTS

M. I. GVERDTSITELIL G. N. CHACHAVA, 1. A. LAPERASHVILI
Iv. Javakhishvili Tbilisi State University

Correlations “structure-properties” are investigated for hydrides of group VI p- elements within the scope
of ANB-matrices method. The calculations show that correlations are satisfactory.

Contiguity matrices of molecular graphs and their various modifications are widely used in algebraic chemistry
for the investigation of molecules and their transformations and ANB-matrices fall into their type [1, 2].

The diagonal elements of ANB-matrix are atomic numbers of chemical elements, whereas nondiagonal
ones — the multiplicities of chemical bonds.

The hydrides of Group VI p -elements have the general formulus: H—- X — H (1)

where: X =0, S, Se, Te.

Correspondingly ANB-matrix has the form:

1 1 0 )

The value of decimal logarithm of the determinant of ANB-matrix is effective topological index [3]. Two
correlation equations were constructed:

AH } =150.001g(A 455)—193.50 )
AGY =148.601g(A 4y5) —203.69 (4)

The correlation coefficients r are equal: r=0.983; r=0.981.
Thus, in accordance with Jaffe’s criterion [4], correlations are satisfactory.
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a0dmhgboemn Jofmmggmon 39360960, Jodoab 3536096930l MG ™, bodotmggmmb dg36056g-
domd 935009300b 835009303mb0, 9309060 s bodsMmggmmb babgm8Bogm 36gdngdols mmoymmge@on,
&o6b d93h963mb Lobgemmdal 30930L gBmM3zbmmo MbaggMmbadg@ob badsGom pmd@mma, 3mmmMonbs-
oo Jodoob god8m®hgymo 333mg396n, 53 aMado Jomoyyema 3g(3609Gyma bgmmob odssmbgdg-
0 8 390560, sbrasbMEs 333ma39Mms s b3gzosmabGms waMmbgma s@dbMEgmo angn gabo-
mob dg (306(39d @08s0s 1933 Bemals 18 83l ;mdamabdo.

bodmamm Lgmms MmdMmb Igoemdg esdmagms s RsaMazbs Mdomabol Labgmdbogm ¢Mboggm-
Lo@g@ob Jodoolb BoznmE@ Y. LbMoggs Lodgbogfm 33mggzoma Logdnsbmdabsjgb, Mmdgmads s
dogo dobo (3bm3Mgds gobbodmazMs, LEmMgo 03 Brmgddn 0mgdlb bomagglb. YbaggMbodgol Bamds-
898000 830536 780L dg3ga 3m3omds sbym LodosGmggmmb 3g(36ngMgdoms 83509300L ggmenm-
3000 06LE0E MG L 3gmgndanls gobymaamgdsdn 3g(3609M-0156533CMBmac.
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3030 (306(30dob Ladg(3609Mm Bndomdal gfMm-9Mom, doMomsw LPgMmb dommmannMae ogd 0@
MEO0bm M0gsbgdcmsb dg@omms 3mmEmEabsznnmoa BogMmmgdal Lobmgbo s L3gddMmmJodoyma
33935 39903960L. 06 L3gd&Mmb3M3nnl, H968agbmbEMNIG MMM 365 Ddal, 33568 ME-Jadoy@o
3393900 803mygbgds mobsdgommay gmmmEabaomm Jodosda, 3mm@mabszoma bagMomgdol
Lobmgbaboda sbsmo doam3gdol dgdndszgds gogo (306(30dobs s 3obo Lgmmal Lobgel m303306M-
©43s. LagM@admEabm sm0sMgds dmadmgs dabds IMmMBgdds Jozmmgmgdgb@gdobs s Led 3MMmbaemm
Lodmamgdgdals, domzmd3dmygdLgdal Lobomgbabes s BabogYM-dodanco 33magz0L bggHmada. 3ob gMo-
96®3s 30Mggmds dgogabs, oy Mo 360d3bgmmds o3l M96@a9bmbEMNIENGYma sbomababs s
63000 1B399EOMBLIM3n0l 3gomEydol JgMbydsals — sEomMasbmmn s 3MMMENbs (309 bagMog-
30l 03989 gd0b, 030L98g30bs s Mgod300Lbsnsbmdal dgbBsgemsedn godmbeygbgdmaw. dob 8ngm

dgbEmmgdmemo bodgbogHm 33mg30L dggagdo sMgol 333mgzoMmmamzgal 3oMasm >Gab (36mdama
5 BoMNMES (3080Mgdmn Mmam@z bLodsdymm, abg babmgsmgsmgonm Mgodnbamm asdm(3g-
396d0. 0g0 500l gfm-gMmn abazns@mGn s 338™MMa Jodoobs ©s JodoMa G gdbmmmannl ob@mMo-
530 63M8mgdemo bonbGgFgbm s 360d3bgmmzgsebo go8m33mg39dal (303mabs.
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d9436530.
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86



396Abmbaemas
Personnel
3@l o Mogogm sgmadol bobgmmdal sMom@masbymo Jodoobs s gmgd@mmgodools 0bl@o-
&9&0b godoznco Jodoolb modmEsGmmnsl. ds@mba gngo sMob dgbebndbago mgd@mean. dob syo-
&™M00b o6& gMaLadal s dmbndmaal bamzamo bomn goshbns. ngn mgd0gdL 3ombymmadl bs-
Jonggmmb 9460396 1baggmbodg@Lbs o 0306 gogobodgomal Labgmmdol mdomabolb babgem-
3bogm bogg@bodg@do.

mogabo badg3bngMm s 3gegmao@n dmmgebgmdal ds6dombdy 3MmMEabm@3s angn (306(30d93
353m3439465 sbgnmmdom Lodg3bngcm dIGMIs, HMIgmms dmGol 7 Imbmamaggns, 11 babgmaddmgs-
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