REPUBLIC OF AZERBAIJAN

On the rights of the manuscript

ABSTRACT
of the dissertation for the degree of Doctor of Philosophy

THE ROLE OF NON-COVALENT INTERACTIONS
IN THE SYNHESIS AND DESIGN
OF 1,1-DiCHLORODIAZADIENES

Specialty: 2306.01 — Organic chemistry
Field of science: Chemistry
Applicant: Gulnar Tofig Suleymanova

BAKU - 2021



The work was performed at the scientific laboratory of «Thin Or-
ganic Chemistry» on the base of department of Organic Chemistry
department at Baku State University.

Scientific supervisors: — Active members of ANAS,
doctor of chemical sciences, professor
Abel Mammadali Maharramov;

— doctor of chemical sciences, professor
Namig Gurbat Shikhaliyev.

Official opponents: — doctor of chemical sciences, professor

Elman Idris Mammadov;

— doctor of chemical sciences
Omar Abdurahim Sadigov;

— doctor of chemical sciences
Alverdi Khankishi Karimov.

Dissertation council ED 2.16 of Supreme Attestation Commission
under the President of the Republic of Azerbaijan operating at Baku
State University

Chairman of the Dissertation council:
doctor of chemical sciences, professor
Valeh Mehrali Ismaylov

Scientific secretary of the Dissertation council:

doctor of philosophy in chemistry,
associate professor

Farid Nadir Naghiyev

Chairman of the scientific seminar:
doctor of chemical sciences, professor
Ibrahim Garib Mammadov




INTRODUCTION

Actuality and analizing the subject. Although aromatic nitro
compounds don't widely exist in nature, using their synthetic ana-
logues in industry, medicine and other important fields make them
significantly useful in organic synthesis. The reason of these synthe-
ses is the application of various functional derivatives of aromatic
nitro compounds as dyes, explosives, high energetic compounds, an-
timicrobial drugs and so on. Despite the fact, that nitro compounds
demonstrate some negative effect on the human body, above men-
tioned properties underline their application importance. From this
point of view, the synthesis of 1.1-dichlorodiazadienes derivatives on
the basis of o, m, and p-nitrobenzaldehyde at catalytic olefination
conditions is an actual direction. The actuality of this work is under-
lined by X-Ray method investigation of inter and intramolecular non-
covalent bonds (halogen, pnicogene) between nitrogen and oxygen-
based on electron-withdrawing properties of the nitro group and the
effect of the position of the nitro group in an aromatic ring on crystal
design and antimicrobial activity of compounds. In addition to this,
the investigation of the effect of electron-donating and electron-
withdrawing groups in hydrazine fragment on the reaction direction
and explanation of the regularity of formation of new reaction prod-
ucts pharmazanes is an important point from the position of fine or-
ganic synthesis. It must be mentioned the investigation of intermo-
lecular interaction by the modern method Hirshfield surface analysis
and comparative analysis of the antimicrobial activity of 1.1-
dichlorodiazadienes on the basis of hydrazine fragments with nitro
groups where methyl and dimethyl groups were introduced.

In solvolysis of 1,1-dichorodiazadiens in a presence of alcohol,
hydrozo derivatives of phenylacetic acid esters are synthesized,
which are useful synthons in organic synthesis. The presence of the
azo group in the structure of 1.1-dichlorodiazadienes and application
of them as azodyes ones more increases the actuality of PhD thesis.
The presence of intramolecular pnicogen bonds and intermolecular
hydrogen and halogen bonds, as well as zn---7 bond interaction and
their role in stabilisation of structures of azodyes, the formation of E-
isomers and for the first time the investigation of the effect of these
bonds on adsorption properties of these compounds, add specific
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brightness to the actuality of the work.

Purpose and object of research. The object of research is 1,1-
dichorodiazadiens, the purpose of research is investigation of non-
covalent bonding in synthesis of dichlorodiazadiens, as dyes and
their antimicrobial properties.

The goal and position of the investigation. The main goal of the
work is the synthesis of 1.1-dichlorodiazadienes derivatives on the ba-
sis of 0, m, p-nitrobenzaldehyde at catalytic olefination conditions, the
study of the role of non-covalent interaction on the formation of single
crystals by X-Ray method, determination of intermolecular interaction
by Hirshfield surface analysis, investigation of dye properties, antimi-
crobial activity of synthesized compounds and application of dichloro-
diazadienes as advantageous syntones in organic synthesis.

For this purpose, those have done:

¢ Synthesis of polyfunctional 1,1-dichlorodiazadiene derivatives

e Study of the role of non-covalent interactions (N--Cl, CI---O,
n-m, and weak F---m halogen, CH---F-type hydrogen bonds) in the
formation of single crystals based on X-Ray method, and Hirschfeld
determination of intermolecular interactions by surface analysis
method;

¢ Study of antimicrobial properties of synthesized compounds as
dyes and physiologically active compounds;

e Synthesis of E / Z isomers of aryl-hydrozo derivatives of phenyl
acetic acid esters from the solvolysis reaction of dichlorodiazadiene
with alcohols.

Investigation methods. Synthesizing processes occurred in fine
organic synthesis ETL with known methods. X-Ray Structural Anal-
ysis of these compounds was carried out using of Bruker APEX Il
CCD diffractometer. The NMR *H and *3C spectra were obtained by
the Bruker Advance 300 MHz spectrometer in solvents CDClz and
DMSO. TLC was carried out on the Silufol on UB-254, for visualiza-
tion of the spots was used the KMnO4 solution and UB lamp. Col-
umn chromatography was carried out using silicagel (Merck 63-200).
Mass spectrum was obtained by (ESI-MS) spectrophotometry. Ele-
mental analysis was carried out using of Carlo Erba analysator. The
antimicrobial properties of the compounds were studied at Baku
State University, Department of Molecular Biology and Biotechnol-
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ogy, and the Ministry of Health of the Republic of Azerbaijan, the
Republican Sanitary Quarantine Inspectorate.

Main provisions of thesis defense:

e Synthesis of corresponding hydrazones from o-, m- and p-
nitrobenzoyaldehydes with different phenylhydrazines and synthesis
of 1,1-dichlorodiazadiene derivatives in KOR presence.

¢ According to position of nitro group, investigation of the role of
non-covalent interactions in crystal packing with X-Ray Structural
Analysis, also intermolecular interactions with Hirshfeld Surface
Analysis.

e Impact of nature and position of functional groups on direction
of reaction and crystal packing.

e Antimicrobial properties of synthesized dichlorodiazadienes
based on o0-, m-, p-nitrobenzoyaldehyde.

e Study of 1,1-dichlorodiazadiens as useful synthons in organic
sythesis.

The novelty of the work. For the first time, 1.1-dichlorodiaza-
diene derivatives were synthesized on the basis of different phenyl-
hydrazones of o, m, p-nitrobenzaldehyde at catalytic olefination reac-
tion conditions in the presence of catalyst CuCl, the stereochemistry
of reactions was investigated by NMR and X-Ray method and it was
determined that all reactions proceed with the formation of E-isomer.

X-ray method analysis allows determining the presence of inter
and intramolecular noncovalent pnicogen, halogen and so on interac-
tions in the structures of 1.1-dichlorodiazadiene. In addition to this, it
was determined the effect of the nature of functional groups and
functional group position in the benzene ring on crystal design.

It was determined that in comparison with other phenylhydra-
zones, in case of reaction proceeded with (E)-4-(2-(4(dimethyl-
amine)benzylidene)hyd-razinily)benzonytrile, the reaction product is
not subsequent 1.1-dichlorodia-zadiene, but the farmazane derivative
obtained by the dimerization of phenylhydrazone.

The application of (E)-1-(2,2-dichloro-1-(2-nitrophenyl)vinyl)-2-
(para-substituted phenyl)-diazine which was obtained on the basis of
2-nitrobenzaldehyde as azodyes were studied. The reason of the pre-
vailing of E-isomers is caused by the presence of intramolecular
pnicogen, hydrogen and intermolecular halogen bonds.
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During the investigation of antimicrobial properties of dichlorodi-
azadienes containing nitro, methyl, dimethyl groups, it was deter-
mined that these compounds demonstrate more effective activity
against Acenitobacter baumanii BDU32, Escherichia coli BDU12,
Klebsiella pneumoniae BDU44, Pseudomonas aeruginosa BDU49,
Staphylococcus aureus BDU23 bacteria.

The hydrolysis of the alcohol solution of synthesized 1.1-
dichlorodiazadienes allows obtaining the mixture of E/Z-isomers of
an appropriate ester of 2-hydrozo-phenylacetic acid and as a third
product 1,2-diazete.

Theoretical and practical importance of the research. Synthe-
sized 1,1-dichlorodiazadiens have phormocor functional groups (me-
thyl, halogen, nitro, dimethylamine), thus, they can be applied to
Acenitobacter baumanii BDU32, Escherichia coli BDU12, Klebsiel-
la pneumoniae BDU44, Pseudomonas aeruginosa BDU49, Staphy-
lococcus aureus BDU23 bacterias. Furthermore (E)-1-(2,2-dichloro-
1-(2-nitrophenyl)vinyl)-2-(para substituted phenyl) diazines can be
used as azodyes. Also these can be useful synthons in fine organic
synthesis to obtain some compounds, especially ethers and 1,2-dia-
zetes. Dichlorodiazadienes theoretically can be useful compounds in
researches about new properties of non-covalent interactions (N---Cl
(pinacogen), Cl---Cl (halogen), CI---O (chalcogen), n---m, and weak
F---m halogen, CH---F hydrogen bonding).

Approbation and publication of the work. Individual scientific
reports and some results of the dissertation were presented and dis-
cussed at different local and international conferences.

—The Fourth International Scientific Conference «Advances in
Synthesis and Complexing» RUDN University (Moscow, 2017);

—Actual problems of chemistry - XII Republic scientific confer-
ence (Baki, 2018);

—The 2" Struchkov Meeting, International Workshopon Chemical
Crystallographyand Structural Biology, RUDN University (Moscow,
2018);

—Actual problems of chemistry — XIII Republic scientific confer-
ence (Baki, 2019),

—The Fifth International Scientific Conference «Advances in Syn-
thesis and Complexing» (Moscow, 2019);
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—International chemical congress, Istanbul, Yildiz Technical Uni-
versity (istanbul, 2019).

The main provisions of the dissertation and the results obtained
were published in 21 scientific works, including 9 articles and 12
theses.

The total volume of the dissertation with a sign, indicating the
volume of the structural units of the dissertation separately. The
dissertation consists of an Introduction, 3 chapters, a conclusion and a
list of references, covering 194 pages in A4 format. The main part of
the work (excluding figures, tables, graphs and bibliography) is the
sign 165479 (including Introduction — 9457, Chapter | — 47485, Chap-
ter 1l — 55300, Chapter Il — 51717, Conclusion — 1520). The list of
used literature includes 261 sources cited in the dissertation. The dis-
sertation contains 20 tables and 64 figures reflecting the results.

The volume of the dissertation and structure: Dissertation or-
ganized of introduction, literature review, discussion of the results,
experimental part, conclusion, references and extra part and consist
of 193 computer pages. The results of performed research were given
in 64 figures and 20 tables. References consist of 261 citations.

Personal addition of author. Performing of the dissertation work,
contender took part in debate: recent years in this field references have
collected, synthesized, NMR spectrum of components have explained,
ideas and results have collected and articles have written. Thus, con-
tender either worked with organic chemists or physician-scientists,
plus biologists to investigate antimicrobial properties.

The actuality of the work was justified, the purpose of the work,
scientific novelty, practical importance of the work and important
defending parts were described in the introduction part.

The first chapter dedicated to the analysis of literature review.

In the represented dissertation work, dichlorodiazadienes have
synthesized in a presence of catalytic olefination reaction from ben-
zoy aldehyde derivatives, so in a review some interesting transfor-
mations from benzoy aldehyde, N-substituted and N-non substituted
hydrazone transformations in catalytic olefination reactions and re-
cent scientific researches in this field are represented. During the re-
searches, phrmasan derivative was synthesized, that's why in a re-
view there are information about synthesis of pharmasans and their
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biological activity.

In crystal packing of synthesized compounds non-covalent inter-
actions have found, so in a review there are information about these
bondings (coordination, halogen, hydrogen, nitrogen- halogen, halo-
gen-chalcogen, halogen-halogen, CI---Cl, CI---O, pinacogen N---Cl
interactions etc.).

In the dissertation work, synthesis processes are based on nitro-
benzoy aldehyde and their antimicrobial properties are studied, so in
a review there are information about biological activity of aromatic
nitro compounds.

The synthesis of 1.1-dichlorodiazadiene derivatives on the basis of
0, m and p-nitrobenzaldehyde, the study of the role of non-covalent
interactions (N--CI, CI--O, n--'w, and weak F---m halogen, CH:--F
type of hydrogen bonds) in the formation of monocrystals, the de-
termination of intermolecular interactions by Hirshfield surface anal-
ysis method, the study of dye properties of synthesized compounds
as well as antimicrobial properties of physiologically active com-
pounds and the analysis of the application of dichlorodiazadienes as
advantageous sintones in organic synthesis were given in the second
chapter.

Practical part of the research, also physical-chemical properties of
synthesized compounds (*H NMR, ¥C NMR, mess spectroscopy,
Infrared spectroscopy) are shown in the third chapter.

MAIN CONTENT OF THE WORK

Synthesis and reactions based on polyfunctional compounds takes
organic chemists' attention. That is why, synthesis and transfor-
mations of polyfunctional 1,1-dichlorodiazadienes are important, es-
pecially their solvolysis reaction with alcohol, which results with
synthesis of E/Z isomers of aryl-hydro derivatives of phenylasetat
esters.

In recent years, extensive research has been published on the im-
portant role of non-covalent bonds in organic synthesis, catalysis,
synthesis of metal complexes, numerous monographs in this field,
special issues of some high-impact journals. This allows us to say the
formation of a new scientific direction in the field of chemistry. It
should be noted that X-ray method is at the heart of all this. This is



because the existence of non-covalent bonds in the reaction products
obtained is determined only by studying the molecular structures of
monocrystals. It should be noted that in some studies, work has al-
ready begun to study these relationships in solutions. It is important
to note the use of NMR studies. It would be wrong to compare the
strength of these ties with each other. Because in some cases there
are many examples of the simultaneous effect of more than one rela-
tionship. A comprehensive study of these relationships in synthesized
dichlorodiazadiene is distinguished by its relevance.

1. Synthesis of 1,1-dichlorodiazadienes from
nitrobenzoy aldehydes

1,1-dichlorodiazadiene derivatives are synthesized from the reac-
tion of proper hydrazones of some para-substituted phenylhydrazines
of 0-, m- and p-nitrobenzoy aldehydes, and then CuCl catalytic reac-
tion of the last with CCI4 in a presence of KOR.

1.1. The pnicogen, halogen and hydrogen bonds in (E)-1-(2,2-
dichloro-1-(2-nitrophenyl)vinyl)-2-(para-substitutedphenyl)-diazi-
nes. The series of (E)1-(2,2-dichloro-1-(2-nitrophenyl)vinyl)-2-(para-
substituted phenyl)diazine were synthesized on the basis of o-nitro-
benzaldehyde and from the point of intermolecular pnicogen bond
structure-properties interaction, as well as the strength of intermolecu-
lar hydrogen bond were systematically investigated (scheme 1). Para-
substitutors in aromatic ring consist of electron-donating (—OCH3 and
—CHBg) and electron-withdrawing (—Br, —C1 and —F) groups.

H H
|
o HzNHNOx L\N,N\@ CCly, CuCl (1%) & \Q
B ————
: ‘o CH.COOH TMEDA(25eq)
2 EtOH, reflux NO,

X = OCH; (1), CH; (2), X = OCH; (7), CH, (8), H
H (3), Br (4), CI (5), F (6 (o, Br (o), & (1 P i2)

Scheme 1. The synthesis of compounds 1-12

X-Ray Structural Analysis of 8, 9 and 12 monocrystalls show that,
these molecules which have strong intramolecular pnicogen bond-
ings, in 1-4 membered rings N=N---Cl in proper angles N---Cl
intereactions are 175.7 (3)°, 2.885 (4), 176.9 (2)° , 2.904 (3) A (8),
174.5 (1)°, 2.940 (1) A (9), 1743 (2) °, 2.935 (2) (12) , that are
smaller than accepted Van der Vaals radius (N + CI=155 +
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1.75=3.30 A) (figure 1). In crystal packing of 8, we can see two de-
tached molecules with ClI---O halogen bonding (3.019 (2) va 3.079
A) which have different intramolecular pnicogen bondings. Also
C—Cl---O halogen-chalcogen non-covalent bondings with 164.3 (7)
Vo 163.03° angles in 9 and 12 are smaller than accepted Van der
Vaals radius (Cl + O=1.75 + 1.52=3.27 A) (figure 2). In 12, F (1)
atom behaves as halogen bonding donor and acceptor with H-
interaction directs to the close aromatic m system, and CH fragment
of aromatic part weaks the weak intermolucular F-- - halogen bond-
ing, and CH---F hydrogen bonding (3.754 va 2.699A) (figure 2). All
structures are stabilizated with many weak intermolecular hydrogen
bondings, also with n- -7 interactions.

Figure 1. The crystal structure of 8, 9 and 12 considering relative numbering of
atoms.

Figure 2. Intermolecular halogen
bonds of 9 and 12 (was demonstrated
by broken green and blue lines)

As a result, it was determined the total role of non-covalent bonds
(intramolecular pnicogen and intermolecular hydrogen and halogen
bonds, as well as 7- - & interaction) in the formation of dichlorodiaza-
dienes monocrystals. In addition to this, the application of the last
ones as diazo dyes was investigated and positive results were ob-
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tained.

1.2 X-Ray Analysis and synthesis of dichlorodiazadienes from
m- and p-nitro benzoy aldehyde. According to NMR, RSA an UV
results of corresponding dichlorodiazadienes which were sintesized
from o-nitro benzoy aldehyde, researches about reactions of m- and
p-benzoy aldehyde are proceeded. Our purpose to pursue this is to
investigate the state of nitro group in benzol ring and its influence on
crystal packing, yield and direction of a reaction. First, correspond-
ing phenylhydrazones of m-nitro benzoy aldehyde have been synthe-
sized, then analogously dichlorodiazadienes have synthesized from
the last.

.
Yo HZ”“"OX SN CCly, CuCl (1%)
- -
CH3;COOH TMEDA (2.5ev)
EtOH, qaynatma DMSO, o.t
NO,

NO,

X = OCH; (13), CH, X = OCHj (19), CH; (20),
(14), H (15), Br (16), CI H (21), Br (22), CI (23), F
(17), F (18) (24)

Scheme 2. Synthesis of 13-24 compounds

Structures of substances were investigated by NMR, Mass Spec-
troscopy and X-Ray Structural Analysis (figure 3).

e s
m& Dot
e, TN T4 2y

22 23

Figure 3. The structures of 20, 22 and 23

As we noted before, main purpose of these reactions is investigat-
ing the influence of nitro group on crystal packing. The only differ-
ence in these compounds is the state of nitro group in the aromatic
ring. Similarities and differences of molecular designing of the com-
pounds 8 and 20 can be seen in images below.

Intermolecular #n-- -7 interactions were observed between benzene
rings during looking at crustal structures. But these interactions in
case of compound 8 were between benzene fragments of aldehyde
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and hydrazine [4.022 A], whereas in case of compound 20 were ob-
served just between benzene fragments of aldehyde [3.948 A].

Figure 4. Comparative investigation of
8 and 20 compounds

In the case of compound 20 were observed just intermolecular
Cl---O halogen bonds [3.080A], whereas in the case of compound 8
the presence of intermolecular C1---N [2.885A and 2.905A] pnicogen
bonds were determined. In addition to this, unlike compound 8, in
the case of compound 20 weak H---N hydrogen bond [2.829A] was
observed. As a result of these comparisons, it is possible to conclude
that changing of position of the functional group will allow the con-
trolling of crystal design.

The comparison of crystal structures of compounds 22 and 23
bearing Cl and Br atoms in hydrazine fragment will allow saying that
their crystal design is close to each other. Thus, intermolecular Cl---n
and O---Cl and intramolecular CI---N interactions were observed in
both molecules.

Figure 5. Comparable investigation of compounds 22 and 23
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As it can be seen from the molecular structure, due to the fact that
the molecules stand in front of each other by the head-foot principe,
the halogen atoms (Br, Cl) in the hydrazine fragment do not take part
in any interactions. Cl atoms in the vinyl group with hydrazine frag-
ment benzene ring take part in the formation of interactions such as
intermolecular double bonds ---x, intramolecular Cl---N and intermo-
lecular CI---O non-covalent bonds, which result in the location of
molecules by head-foot principe during the formation of crystal cell.

So, we can explain that, crystal designing of 22 and 23 and totally
polyfunctional compounds is related to complete interactions of dif-
ferent non-covalent bondings. So it is not right to take any of these
non-covalent bonding as a primary.

Considering all the above mentioned, hydrazones of p-nitroben-
zaldehyde with subsequent phenylhydrazines and dichlorodiazadi-
enes under catalytic olefination conditions in the presence of the cat-
alytic amount of CuCl were synthesized.

cl__cl
J@A H NHN@ /@% \©\ CCli, CuCI (1%) /@IN?N
TCHcooH TMEDA (2.5 ev) o \©\x

EtOH, qaynatma DMSO, o.t
X = OCHj (25), CH; (26), X = OCHj (31), CH; (32),
H (27), Br (28), CI (29), F (30) H (33), Br (34), CI (35), F(36)

Scheme 3. The synthesis of compounds 25-36

The structures of synthesized compounds were investigated by
NMR and X-ray single-crystal method.

Figure 6. Molecular structures of 32-36.
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X-Ray Analysis of 32-36 compounds let us to know non-covalent

bondings (halogen, pinacogen, hiydrogen, halogen-r) in crystal pack-
ing.
Due to the presence of halogen atoms in para position at hydrazine
fragment, noncovalent interaction between this halogen atom at the
para position and chlorine atom at the vinyl group —ClI---CI [3.488A],
Br---Cl [3.521A] play a role in the formation of the crystal. In 34
Br---m [4.411 A] interaction was found. But in para position only in-
termolecular hydrogen bonding has a main role in crytal packing if
CH3(32), F(36), and H(33) (figure 7).

Figure 7. Inter and intramolecular bonds of compounds 32-36
were given by broken lines.
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In contrast to the dichlorodiazadienes (36), in p-benzoy aldehyde
case (34 and 35) non-covalent interactions (Br---Cl, Cl---Cl) between
Cl atoms and vinyl group of para-positioned halogen atoms were ob-
served and their main role in crystal designing was found. In contrast
to the halogen atoms, it shows the effect of the state of nitro group in
benzol ring on crystal packing. In meta position, halogen atoms of
crystal in vinyl group take part in different non-covalent (Cl--m,
N---Cl, Cl---O) interactions and make the crystal form as a head-to-
tail principle. Also effect of nature of p-positioned halogen atoms on
crystal designing was found. Thus, unlike bromine and chlorine at-
oms, in case of fluorine atoms, noncovalent intermolecular bonds
were not determined which is caused by the fact that fluorine atom
weakly participates in such type of interaction.

In recent years, crystal structures of three isotop compounds, (E)-
1-(4-bromophenyl)-2-[2,2-dichloro-1-(4-nitrophenyl)vinyl]diazine
34, (E)-1-(4-chlorphenyl)-2-[2,2-dichloro-1-(4-nitrophenyl) etenyl]-
diazine 35 and (E)-1-(4-fluorphenyl)-2-[2,2-dichloro-1-(4-nitrophe-
nyl)etenyl]diazine 36 were used in Hirshfeld Surface Analysis to in-
vestigate intermolecular interactions.

e

34 35

Figure 8. Compounds 34-36 Three-dimensional Hirshfeld Surface

1.3. X-Ray Structural Analysis and synthesis of corresponding
dichlorodiazadienes from 2,4-; 2,6-; 3,4-dichlorophenylhydrazo-
nes of 0-, m- and p-nitrobenzaldehydes. Dichlorodiazadienes (10,
22, 23, 34, 35, 36) which were synthesized from o, m, p-nitro-
benzaldehyde and keep para positioned halogen atoms in hydrazine
fragment, have an impact on crystal designing. So, according to this,
our studies about 2,4-; 2,6-; 3,4-dichlorophenylhydrazines are pur-
sued (scheme 4). Main purpose is to understand the impact of CI at-
oms of synthesized compounds in hydrazine fragment, also state and
the quantity.
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N H,NHN
R o, R ___CH3COOH _
1 2 ETOH qaynatma
37-45
Ri1=0, m, p-NO;-, R= 2,4-dichloro-, 2,6-dichloro-, 3,4-dichloro-.
Scheme 4. The general scheme of Schiff type hydrazones 37-44 synthesis

Along with the synthesis of dichlorodiazadienes on the basis of
phenylhydrazones, the X-ray single-crystal method investigations
were performed for the investigation of the effect of functional
groups in the benzene ring on crystal design.

[ : Figure 10. The molecular structures

of 1-(2,4-dichlorophenyl)-2-(2-
nitrobenzylydene)hydrazine (37),
a8 & & (E)-1-(2,6-dichlorophenyl)-2-(2-

i “/-555;0:’ ur“y nitrobenzylydene)hydrazine (38) and
I?"' { . |} (E) -1- (2,6-dichlorophenyl) -2- (from
© W 2-nitrobenzyl) hydrazine (41)
‘e I
41
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As a result, depending on the position of nitro groups and chlorine
atoms in the benzene ring the formation of different designs during
crystal packing was observed. So, it is possible to result that the
changing of position of the nitro group in benzaldehyde and chlorine
atom in phenylhydrazine will lead to the new design of the crystal cell.

It must be mentioned that despite the presence of two chlorine at-
oms in the molecules of hydrazine, unlike dichlorodiazadienes,
Cl-+-Cl interactions were observed in these molecules. This can be
connected by the formation of strong intermolecular hydrogen bonds
in the structure of phenylhydrazones, the maximum prolonging of the
distance between CI atoms during packing of crystals, otherwords,
packing of the molecules by the head-tail principe. The role of non-
covalent interactions (O--HC (2.58A), O--NH(2.377A), O--Cl
(3.164A), O--0O(3.000A) in the formation of crystals of phenylhydra-
zones were determined.

Corresponding 46-54 dichlorodiazadienes were synthesized from
37-45 phenylhydrazones (scheme 5).

CCly, CuCl (1%)
TMEDA (2.5 ev,)
O,NCgH, CeH5Cl, DMSO, ot . O2NCeHs CgH4Cl,

Scheme 5. The total synthesis of 46-54 compounds

Structure of dichlorodiazadienes was proved by NMR, XRA. Mo-
lecular structures of compounds are represented in figure 11.

Figure 11. Molecular structure of compounds

To study the effect of number of Cl atoms on crystal designing,
monocrystals were formed from compounds which were synthesized
by only orto nitro benzoy aldehyde, and were investigated by X-Ray
Structural Analysis. We found that, in 48 halogen atoms in benzol
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ring do not attend in crystal packing. Main reason for this is that, Cl
atom in vinyl group has non-covalent bondings with O atom of nitro
group (Cl---O (3.554 A) in other molecul and CI atom of vinyl group
(C1-+Cl (3.404A) in other second molecul, and halogen atoms were
not able to attend in crystal packing (figure 12).

Figure 12. Intermolecular
non-covalent interactions of
compound 48 were demon-
strated by green broken
lines.

41

Thus, it can be concluded that there is no serious regularity in the
formation of crystals. This suggests that various non-covalent bonds
play a main role in polyfunctional compounds from time to time.

1.4. The effect of functional groups of phenylhydrazones on
crystal design and reaction directions. Considering the effect of
nature, position and quantity of aldehyde and hydrazine fragments in
the structure of dichlorodiazadienes which were synthesized on the
basis of 0, m, p-nitrobenzaldehydes on the formation of crystal cell
as well as a thorough effect on crystal design, novel research were
performed in this direction. Thus, by the introduction of nitro, fluo-
rine, dimethylamine, methoxy groups in the aldehyde fragment and
electron-donating methyl (4-CHas; 3,5-(CHs)2) and electron-withdra-
wing cyano (4-CN) groups in the hydrazine fragment, corresponding
dichlorodiazadienes were synthesized and their X-ray single-crystal
investigations were performed. It was determined that even in some
cases functional groups impact on reaction direction. It is also possi-
ble to say in the beginning that these synthesized compounds will
demonstrate biological activity. It makes possible to say the presence
of the azo group, heminal dichloro substituted double bond, pharma-
cophoric CHz and NO> groups in the structure of compounds.

First of all, halogen atoms in hydrazine fragments were replaced
by electron-donating dimethyl groups, the reactions of them with 2-
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NO: and 4-F benzaldehydes were performed and the crystal struc-
tures of synthesized compounds were comparatively investigated
with the structure of compound A which was obtained in the previ-
ous synthesis. The main goal of such choice was as well as the syn-
thesis of dichlorodiazabutadiene derivatives and the study of new
non-covalent interactions in the structure of obtained compounds.
The reactions of phenylhydrazones, which was obtained on the basis
of phenylhydrazine and 3.5-dimethylphenylhydrazine, with CCls4
were investigated (scheme 6).

Cl Cl
A XN 9 | =N
R@/\o NH,NHPh R@ANNHAr CCl,, CuCl (1%) Ri—\ N NAr
G C,H;OH F TMEDA (25 eV) F
55-58 DMSO, o.t 59-62

R=H,-NO, 4-F
Ar=H, 3,5-CH;

Scheme 6. The general scheme of synthesis of compounds 55-62

The single-crystals of synthesized compounds (59, 61 and 62)
were obtained and their molecular structures were determined by X-
ray single-crystal method (figure 13). The presence of Cl---Cl interac-
tions and its parameters were also determined by X-ray single-crystal
method.

H13b Hida

Figure 13. Molecular stuructures of compounds 61 and 62
Crystal structures of obtained compounds (61, 62) were compared
with A (E)-1-(2,2-dixlor-1-phenylvinyl)-2-phenyldiazene, B 4-(2,2-
dichloro-1-((3,5-dimetylphenyl) diazenile) vinyl)-N,N-dimetilanilin
vo 9 (E)-1-(2,2-dichloro-1-(2-nitrophenyl)vinyl)-2-phenyldiazen
compounds from previous researches.
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Figure 15. Intermolecular non covalent Cl-+-Cl interactions
were demonstrated by broken lines

In comparison with A it is clear that, electrodonor methyl groups
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in phenylhydrazine molecul, electroacceptor nitro group and F atom
in aldehyde molecul has an impact on crystal designing, capacity of
the crystal, quantity of molecules and thus, parameters of intermo-
lecular non-covalent bondings.

Unlike synthesized 9 (E)-1-(2,2-dichloro-1-(2-nitrophenyl)vinyl)-2-
phenyldiazene, B, va 62 (E)-1-(2,2-dichloro-1-(2-nitrophenyl)-vinyl)-
2-(3,5-dimetilphenyl)diazene in previous researches, Cl---Cl interac-
tions in 61 (E)-1-(2,2-dichloro-1-(4-fluorophenyl)vinyl)-2-(3,5-
dimethylphenyl) diazene were not observed. Unlike 9, A, B and 62, in
61 H atoms in CHz group make new Cl--H hydrogen bondings with ClI
atoms of vinyl group in close molecul and Cl atoms place in a maxi-
mum distance from each other and do not attend in crystal designing.

It can be concluded that the nature of the functional groups in the
benzene ring has a profound effect on the crystal design.

As a result, it was determined that the introduction of various
functional groups in the structure of benzaldehyde and phenylhydra-
zine has an impact on parameters of non-covalent interactions and
these interactions have a significant effect on crystal design.

The research was continued by replacing the electron-withdrawing
nitro group with electron-donating dimethylamine group. In compari-
son with other phenylhydrazones, the main product of the performed
in the same conditions reaction by using (E)-4-(2-(4(dimethylamine)
benzylidene)hydrazinyl)benzonyt-rile, which was synthesized on the
basis of 4-dimethylaminobenzaldehyde and 4-cyanophenylhydrazine, is
not subsequent dichlorodiazadiene, but pharmazane derivative which
was obtained during dimerization of phenylhydrazone (scheme 7).

H
~. N
c
HiC._ Hs \r\‘l CN
CH,; 63 90%

CH;COONa

\
CH,

Cl

O, )
CCly, CuCl (1%) \/©/ | _N
TMEDA (2.5 ev,) H.C N \©\
DMSO, o.t \©\ 3N

N CcN
CH,
65=5-10%
64=70%

Scheme 7. The general scheme of synthesis of compounds 63-65
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The reason of obtaining of pharmazane derivative is caused by the
different electron density of benzene ring in the structure of (E)-4-(2-
(4(dimethylamine)benzylidene)hydrazinyl)benzonytrile. As a result
of m-m non-covalent interactions between benzol rings, crystal has a
compact structure which allows hydrazone dimerisation. Structure of
hydrazone was proved by NMR and X-Ray Structural Analysis
methods and found that, in a solvent n-m non-covalent interactions
between benzol rings makes distance smaller between molecules and
this results with combinin hyrdazone molecules (figure 16).

MG CEN

Figure 16. n-n interactions between benzene rings.

The structures of synthesized compounds 63-65 were determined
by X-ray single-crystal method.

o of oo e Figure 17. The molecular structure
i}“ < \1/ \r of obtained compounds.
3 ‘;,‘;".1?\? /7\(\
e,
65

Concerning these positive sides of pharmazones, this reaction can
be used as a novel synthesize method of a wide spectrum of farma-
zanes.

As it can be seen from the molecular structure, the molecules as
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much as possible close in the horizontal direction by nail-nail princi-
pe and in the vertical direction by head-nail principe as a result of
gravitation between benzene rings which leads to the z-m interactions
(2.852A) and also the presence of two hydrogen bonds (2.721A),
(2.571A), which is formed between nitrile group and adjacent mole-
cules. This one leads to the formation of the dimerization product of
64 at the end (figure 18).
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Figure 18. n-minteractions and hydrogen bond of 63 molecule
were demonstrated by broken lines.

Considering above-mentioned, the probable mechanism of
formation of dimerization product was demonstrated by the below-
given scheme. First of all, the transformation of phenylhydrazone
into its tautomer 11 has occurred in the presence of TMEDA. After-
wards, due to the close location of hydrazone molecule and intermo-
lecular stitching (the formation of C-N bond) as well as correspond-
ing rearrangements, the formation of pharmazane derivative of the 64
compound is occurred. In general, due to the fact that these transfor-
mations occur synchronously, the below-given scheme can be pre-
sented for the reaction mechanism.

H
SN — ~ N
— /\/\

N CN
CH,
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H
R,—N—N=CH—R,

— /\ HB 1} tautomer )
\ S)
RZ—T)—N=CH—R1 —> Ry—N=N—CH—R; —> Ry—N=N—CH,—R, 1l
ZH !
B
A
R,——N=—=N——CH,—R R,——N——N——CH,—R;
H _
R,——C—N—N——- R
r| 1 1S ] 2

Scheme 8. The general mechanism of formation of compound 64

Thus, it was found that along with dichlorodiazadiene (65), phe-
nylhydrazones were dimerized by attracting each other on a "head-to-
tail" basis, which led to the synthesis of pharmaceuticals (64), the
main product of the reaction.

As a continuation of research, the replacing of electron-with-
drawing CN group by electron-donating CHs group in the hydrazine
fragment leads to the formation of the only dichlorodiazadiene with
high yield and the structure of compound 67 was determined by X-
ray single-crystal method.

« ccl,, CuCl (1%) ‘ N
N° I N
N DMSO, o.t N

| 66 |

H
N

Scheme 9. The formation of (E)-4-(2,2-dichloro-1-(p-tolyldiazenil)vinyl)-
N,N-dimethylaniline
By the analysis of the reaction products, it was determined that in
case if both groups in the benzene ring will be electron-withdrawing
groups, hydrazone is splitting on initial aldehyde and these reactions
in the presence of Cu salts are unknown in the literature.
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No R \N’N
. CH,COOOH \@L —
O,N H,NHN CH,OH, gaynatma = Q,N R

R=NO,, CN 68,69

I

CCly, CuCl (1%)

TMEDA (2.5 eq,)
DMSO, o.t

L

\

Scheme 10. The general mechanism of the synthesis performing
on the basis of para-nitrobenzaldehyde

A3

N y*

Figure 19. The molecular
structure of compound 67
 oom ((E)-4-(2,2-dichloro-1-(p-
tolyldiazenil)vinyl)-N,N-
dimethylaniline. The intermo-
lecular halogen bonds in the
structure of compound was
given by green broken lines.
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But in case if the position of the nitro group will be changed from
the para position to meta position in the benzene ring, the reaction
will proceed and this can be explained that m-nitro group does not
participated in the delocalization.

H
\N’N\©\ CCly, CuCl (1%) \©\
cN TMEDA (2 5 eq )
NO; 79

Scheme 11. The mechanism of formation of compounds 70 and 71
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The structure of obtained compound was determined by X-Ray
single-crystal method (figure 20).
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Figure 20. The molecular structure of compound 71

Thus, based on the above reactions, it was determined that the na-
ture and condition of the substituents in the benzene rings have a sig-
nificant effect on the direction of the reaction, the yield of the prod-
ucts obtained, and the design of the crystal

Due to the presence of azo-group, dichlorosubstituted double
bond, pharmacophoric CHs group in the structure of synthesized
compounds, corresponding dichlorodiazadienes were synthesized on
the basis nitrobenzaldehydes and hydrazine fragments bearing 4-CHs
and 3,5-(CHz)2 groups and their antimicrobial activity was investi-
gated.

First of all, the synthesis of dichlorodiazadienes on the basis of
corresponding phenylhydrazones of o, m, p-nitrobenzaldehydes and
4-methylphenylhydrazine was performed.

H,NHN
ON So 2 __CH;COOH,
2 + Cz sOH, qaynatma

CCly, CuCl (1%)
TMEDA (2 5 eq,)
DMSO, o.t

Scheme 12. The synthesis scheme of (E)-1-(2,2-dichloro-
1-(nitrophenyl)vinyl)-2-(p-toluene)diazenes
Concerning obtained results, the increasing of a number of methyl
groups in the structure of synthesized compounds leading to the dif-
ferences in biological activity was planned. From this point of view,
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leaving constant aldehydes p-toluenephenylhydrazine was replaced
by 3.5-dimethylphenylhyd-razine.

cl__cl
“ .
02N©/\ CCl,, CuCl (1%) ON N
TMEDA (2.5 eq,)
DMSO, o.t
72,73 74,75

Scheme 13. The synthesis scheme of (E)-1-(2,2-dichloro-
1-(nitrophenyl)vinyl)-2-(3,5-dimethylphenyl)diazenes

Thus, initial antibacterial studies of these compounds demonstrate
that compounds bearing 2 methyl groups is more active than the
compounds with one methyl group. At the same time, considering
the position of nitro groups in the aromatic ring the obtained results
were significant. Thus, the activity results of dichlorodiazadienes
which were synthesized on the basis of ortho-nitrobenzaldehyde
were higher than in the case of para-nitrobenzaldehydes. And at the
same time, looking at the crystal structure of molecules it is possible
to see that the position changing of the nitro group leads to the trans-
formations in the crystal cell design and this design, in turn, leads to
the formation of novel bonds.

1.5. Dichlorodiazadienes as efficient synthones in organic syn-
thesis. The synthesis of (E)/(Z) isomers of methyl 2-phenyl-2-(2-
phenylhydrazone)acetate. In our previous researches we showed
that, synthesized dichlorodiazadienes are useful synthons for their
unical structures. Solvolysis of dichlorodiazadienes in alcohol results
with etherisation (scheme 17).

H
N

OCH,
cl_cl H;CO.__O o
| H =N
N CH;OH SN H\N—O
o= &
78 + 79

cl cl
N
84

Scheme 14. The synthesis of derivatives of phenylacetic acid
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AR
Figure 21. The molecular structure of methyl (Z)/(E)-
2-phenyl-2-(2-phenyl-hydrazono)acetate.

It was determined that during the synthesis both of the isomers are
obtained and their ratio approximately 1:1. The structures of synthesi-
zed compounds was studied by NMR and X-ray single-crystal method.

The synthesized during the reaction (E)/(Z) isomer mixture of me-
thyl-2-phenyl-2-(2-phenyl-hydrazono)acetate was purified by col-
umn chromatography and their structure was determined by NMR
spectroscopy.

Due to the fact that the NH group in the structure of Z isomer
forms a hydrogen bond with COO group, it’s signal shifted to the
weaker side (12.47 Hz). In case of E isomer due to the fact that hy-
drogen bond doesn’t form, the signal from NH group shifted to the
strong side (8.17 Hz) and this proves the formation of both isomer
mixture during the reaction.

Due to the fact that obtained compounds didn’t demonstrate anti-
microbial activity, the reaction of dichlorodiazadienes with various
alcohols was studied.

OR
cl cl RO__O (0]
I H _N\
N”N ROH \N,N\© HN—@
0 —
+

78-80 81-83
Cl_Cl

84

Scheme 15. The transformation reaction of (E)-1-(2,2-dichloro-
1-phenyl-vinyl)-2-phenyldiazene

R=C,Hs, n-C4Hy_iiglii -C4Hq
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Thus, it was determined that a mixture of hydrozoic derivatives of
phenyl acetic acid was obtained as a result of the solvolysis reaction
of dichlorodiazadiene synthesized in an alcoholic environment under
the conditions of a catalytic olefination reaction.

As a result, it was determined that hydrolysis of dichlorodiazadi-
enes which was obtained in catalytic olefination reaction conditions,
leads to the formation of phenylacetic acid hydrozo derivatives mix-
ture in an alcohol medium. In all reactions, 4,4-dichloro-1,3-
diphenyl-1,4-dihidro-1,2-diazet (84) was gotten besides these iso-
mers. 86 was purified from other compounds by column chromatog-
raphy.

The study of antimicrobial properties of the synthesized com-
pound was done by twofold microdilution method. For this reason,
new compound was dissolved in DMSO (dimethylsulfoxide), 1
mkag/ml solution of it and below given dilutions were prepared.
(1:1000, 1:100, 1:10)

Table 1. The antimicrobial activity of synthesized compound

B . Staphylococcus Escherichia Aspergillus Candida
acteria . . .
aureus coli niger albicans
The 24 48 24 48 24 48 24 48
impact hour_s hou_rs hou_rs hou_rs hou_rs hou_rs hou_rs hou_rs
of I_n_hl I_nhl— I_nhl— I_nhl— I_nhl— I_nhl— I_nhl— I_nhl—
time bition bition | bition | bition | bition | bition | bition | bition
zone zone zone | zone | zone | zone | zone | zone
1000 24 36 15 - 12 20 - -
mkq mm mm mm mm mm
100 18 27 10 - 10 16 - -
mkq mm mm mm mm mm
10 12 20 8 - 3 5 - -
mkq mm mm mm mm mm

As it can be seen from table 1, newly synthesized compound
demonstrate antimicrobial activity, but depending on the nature of
microbe it is effect is also different. The highest activity among all
bacteria was demonstated against Staphylococcus aureus bacteria.

The antimicrobial activity of a novel synthesized compound — leg-
end: 1:1000, 1:100, 1:10 ratios of dilutions: “—” sign demonstrates
the absence of antimicrobial activity.
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Thus, this compound demonstrates a promised activity against
Staphylococcus aureus at a ratio 1:1000, in the case of Aspergillus
niger fungi, this effect was comparatively less. Despite the fact that it
has an effect against Escherichia coli bacteria, there was no depend-
ence from time. In addition to this, there was no activity against
Candida albicans fungi.

Thus, considering antibacterial and antifungal activity of studied
in microbiological laboratory (Z)-methyl-2-phenyl-2-(2-phenylhyd-
razono) acetate, it can be advised as an antimicrobial compound.

1.6. Synthesis of diazete derivatives. As it is known from the lit-
erature, the compounds that contain azo-group in their structure can
be in syn and anti forms and their mutual transitions are possible as
mentioned below — from anti to syn by the impact of UV-light, from
syn to anti by the impact of temperature. The synthesized dichlorodi-
azadienes, which structure was confirmed by X-ray single-crystal
method, mainly are in anti-form. It was firstly determined by us, that
in the presence of ethyl alcohol along with the formation of ester the
azide derivative was also obtained, at this time the transformation of
anti-form to syn was observed and as a result of intermolecular cy-
clization the diazide derivative was also obtained.

C

cl | Cl_Cl
| | cl, Cl
N EtOH N* \
~ N > > N QN CN
A G U S
o

N
anti

Scheme 16. The formation of 4-(4,4-dichloro-3-(4-(dimethylamine)phenyl)-
1,2-diazete-1(4H)-il benzonytrile

The structue of obtained compounds was determined by X-ray
single-crystal method (figure 22).
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Figure 22. The molecular structure of 65 and 93 compounds

As a result of these reactions, along with modificated acetic acid
derivatives, it was possible to obtain microbiologically active di-
azates.

The third chapter is dedicated to experimental procedures and
their conclusions.

CONCLUSIONS

1. The synthesis of corresponding hydrazones on the basis of o, m,
and p-nitrobenzaldehyde with various phenylhydrazines and the
synthesis of 1.1-dichlorodiazadiene derivatives at COR conditions
on the basis of the latter one were performed and on the basis of
X-ray single-crystal method investigations, the existence of non-
covalent interactions CI---Cl, N---CI, CI---O, m--'mt, and weak F--'xt
halogene, , CI--w, as well as, CH---F , N---H, O---H was deter-
mined.

2. Depending on the position of the nitro group and Cl atoms in the
benzene ring, the impact of new non-covalent interactions on
crystal design was determined by X-ray single-crystal method.

3. The formation of new non-covalent interactions by the substitu-
tion of ClI atoms with an electron-donating methyl group in hydra-
zine fragment as well as a nitro group by F atoms in an aldehyde
fragment in the structure of synthesized dichlorodiazadienes was
confirmed.

4. When the strong electrodonor dimethylamine group in the alde-
hyde fragment was in the hydrazine fragment and the nitrile group
in the para state, phenylhydrazones were dimerized on a "head-to-
tail" basis, which led to the synthesis of pharmaceuticals as the
main product of the reaction.

5. The antimicrobial properties of dichlorodiazadienes which were
synthesized on the basis of o,m,p-nitrobenzaldehyde were com-
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paratively studied and considering structure-activity dependence
the highest antibacterial activity was demonstrated by (E)-1-(2,2-
dichloro-1-(3-nitrophenyl)vinyl)-2-(3,5-dimethyl-phenyl)diazene

. It was determined that the reaction of 1.1-dichlorodiazadienes
with alcohols resulted in formation of E/Z isomeric mixture of
hydrazono derivatives of phenylacetic acid ester as well as an ad-
ditional product diazete compounds.
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