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Abstract. The paper represents polyfunctionalization reactions of N-nonsubstituted, N-substituted and
N,N-disubstitutedhydrazones with polyhalogenalkanes in the presence of CuCl catalyst in recent years.
Wide utilization of synthesized compounds in organic synthesis as effective syntons, especially various
heterocyclic compounds, arylhydrazones of a-keto acide ethers and also synthesis of 4-azodio-1,2,3-
tiazole derivatives should be specified.
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1. Introduction

There are a number of papers in the literature dedicated to the utilization of
hydrazones and their activity. The presented work especially focuses on carbon with
imine and functionalization of C(sp?-H hydrogen atom. Here we investigate the
polyfunctionalization reactions of N-non substituted, N-substituted and N,N-
disubstitutedhydrazonesCuCl catalyst that is ecologically efficient. The use of these
compounds as a suitable synton has been expanding in recent years (Tsyrenova et al.,
2020, 2021; Shikhaliyev et al., 2021). All these indicate that the reaction of hydrazones
with polyhalogenalkanes in the presence of a CuCl catalyst is an important reaction in
terms of organic synthesis.

2. Discussion

Reactions of hydrazones with polyhalogenalkanes in the presence of CuCl

Reaction between N-unsubstituted hydrazones and polyhalogen alkanes in a basic
state with CuCl catalyst resultes in proper alkenes. (Shastin et al., 2000, 2001;
Korotchenko et al., 2001, 2002, 2003, 2001; Nenajdenko et al., 2003). As an olefinated
agent various polyhalogenmetanes- CBrClz, CBrs4, CFBrs, etanes- CF3CCls, CF3-CBrs,
CF3-CFBr,, also derivatives of trichloro vinegar acid-ethyl chloroacetate and
trichloroacetonitrile were used (Scheme 1). During a reaction only symmetric azines are
formed as extra compounds and nitrogen evaporates.
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Scheme 1. Synthesis of dichloroalkenes from N-non substituted hydrazones in the presence
of CuCl catalyst

Catalytic activity of many transition metals was investigated before the reaction of
4-chlorobenzaldehyde with 1a CCls in which CuCl was chosen as a catalyst (Scheme 2)
(Nenajdenko et al., 2003).

cl
NNH, CcCl, cl N-N
C14©—/< - Cl Y . CCH~ H—cH,cl + Ny
H 10 mol % CuCl H H H
la NH; , DMSO 1b(82%) 1¢(18%)

1-chloro-4-(2,2-dichlorovinyl)benzene
Scheme 2. Synthesis 1-chloro-4-(2,2-dichlorovinyl)benzene

Reaction between hydrazone and 1a CCls was taken place in a presence of catalytic
amount (10 mol.%) of transition metal chlorides. As a catalyst IB-VIII group metal
chlorides were used (Shikhaliyev, 2015). In that case, metal chlorides which have a high
oxidation level were used and all the reactions were taken place in a presence of DMSO
in ammonia solution (Table 1).

Table 1. Influence of the catalyst on yields of 1a substance

Catalyst Inadditiontothe Yield of theproducts,%
periodictablesubgroup | Dichlorstyrol 1b | Azine 1¢ | Total, 1b+1c
CuCl IB 82 18 100
AgClI 1B 20 76 96
HAuUCl4 1B 11 86 97
ZnCl; 11B 20 47 67
CdClz 11B 13 80 93
HgCl2 11B 5 87 92
LaCls 111B 22 69 91
Ce(NO3)3x6H20 B 15 73 88
TiClsx3THF VB 17 37 54
ZrCly IVB 6 84 90
NbCls VB 8 87 95
TaCls VB 10 90 100
CrCly VIB - 73 73
MoCls VIB - 76 76
WCls VIB - 92 92
MnClx4H20 VIIB 20 73 93
FeCls VIl 25 58 83
CoCl2x6H20 VI 22 62 84
NiCl2x6H20 VI 10 62 72
RuCl3x3H20 VI 15 80 95
RhCl3x3H20 VI 5 29 34
PdCI2 VIl 17 66 83
HzslrCls VIl - 95 95
K2PtCl4 VIl 25 73 98
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It is observed that all the investigated transition metal chlorides had a catalytic
effect on an interaction between hydrazone and 1la CCls. In all cases former hydrazone
was fully converted. 1a conversion yields of hydrazone are only alkene 1b and azine 1c
and mostly total yield of reaction products is near to 100%.Similar products are obtained
when different transition metals are used as catalysts which explains the general
characteristic of a reaction. As shown in the table, proper catalyst for synthesis of
dichloroalekenes is Cu (1) chloride.

Dependence of 1b yield of dichloroalkene and 1c yield of azine on oxidation
number of salt and Cu and vice versa makes the results considerable. For such purpose,
both one and two valenced cupric salts of hydrazone with 1a CCls were used (Table 2).

Table 2. Influence of the nature of anion and oxidation number of Cu on the yield of
a reaction of hydrazone with 1a CCl,

Yield of the products,%
Catalyst Dichlorstyrol 1b | Azine 1c | Total, 1b+1c

CuCl 82 18 100
CuCl, 73 27 100
CuSO4x5H;0 68 19 87
Cu(OAC)2x2H,0 75 20 95
Cu(OTH), 74 22 9%
CuCN 20 65 85

It is observed that in both cases similar products are obtained for 1b and 1c in
olefination reaction and yield of reaction products is near to 100%.

Thus, both Cu' andCu'"' compounds may be used as catalysts. However, CuCl is
more convenient, because it is observed that oxydation results in hydrazone to transform
into azine when CuCl; is used. Whereas this does not happen when Cu has one valency
for instance when Cu'' is used (CuCl, was used in DMSO in a presence of liquid ammonia
without CCls) as oxidator only 1c azine has found with 94% of yield (Scheme 3).

NNH: 5 oq cuct, ~N
H H H

la 1c
94 %
Scheme 3.Synthesis of azine (1c) in the presence of CuCl; catalyst

Other salts of Cu' show the catalytic activity but does not affect a ratio of the
products. But in a reaction 1b yield of alkene reduced 20% when Cu (1) sianide was used
and 1c azine have gotton as a main product.

This is proablybecause of a strong complex forming ability of sianideione which
dissosiates easily with cuprus atom (dissociation constant of a complex [Cu(CN)2]" K =
1x107%), to prevent alken to be formed. Aniones which have weaker complex forming
ability- halogenide, sulphat, acetat and triphtal ions make salts which easily solve in
solvent. Thus, if there are opposite iones which have weak interactions with cuprus atom,
reaction depends less on catalyst and oxidation of oppositeione. Based on this
information, only CuCl was used by authors as a catalyst afterwards. Influence of the
amount of CuCl catalyst on the yield of compounds which were synthesized from
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hydrazone 2a was investigated. Reactions take place between hydrazone 2a and 5 mmole
CCls in DMSO in a presence of liquid ammonia.

It is observed that when 0.1 mole % CuCl is used, the yield of dichloroalkene 2b is
48%. In a conversion of hydrazone 2a,additionally, azine 2c have formed (Scheme 4).

NNH2 Cl Nw
H CuCl H
0.1 mol% 2b(48%
1-(2,2-dichlorovinyl)-4-nitrobenzene

Scheme 4. Synthesis of 1-(2,2-dichlorovinyl)-4-nitrobenzene

When catalyst was used 1 mol%, the yield of alkene 2b increased to 75%. When
the amount of catalyst was increased t010 mol%, the yield of alkene 2b also increased to
79%, furthermore, yield of extra compounds reduced. That is why, in the following
analysis 10 mol% catalyst was taken.

Reactions have general characteristic and aliphatic, aromatic, heterocyclic aldehyde
and ketones attend in these reactions. Additionally, reactions about bis-aldehydes have
studied and the structure of reaction products was proved by X-Ray Structural Analysis
method (Scheme 5).

F X

R F CXYHal Y
_ az
N-NH, / ‘
B, B cucl
HZN_N/ DMSO Y /
F F

Hal = Cl, Br
X =Cl, Br, F, CN, CO,Et, CF;

Scheme 5. Synthesis of 1,4-Bis(2,2-dihalogen)-2,3,5,6-tetrafluorbenzenes

From the reaction of binucleophile reagents 1,3- and 1,4-bis-(2-chloro-2-
sianovinyl)benzenes have synthesized which are used as effective syntons in the synthesis
of heterocyclic compounds (Muzalevskiy et al., 2013) and this shows the importance of
the reaction which took place in the presence of CuCl (Scheme 6).

In the synthesis of dichloroalkenes from N-nonsubstitutedhydrazones with CuCl
catalyst (Scheme 3),when trichloroasetonitryl CCIsCN was used as a polyhalogenated
reagent, NHz was used as an alkali bis-(2.4-bis(trichloromethyl))1,3,5-triazapentadienato
Cu''complex has synthesized as a product (Shikhaliyev, 2012) (Scheme 7). The structure
of the complex was proved by X-Ray Structural Analysis method.

When CuCN is used as a catalyst, the yield of a reaction product decreases to 20%.
This boosts assumpion about corresponding complex between nitrile and Cu. However,
synthesized alkene was not observed.
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Scheme 6. Reactions of 1,3 vo 1,4-Bis(2-chlorine-2-sianovinyl)benzenewith binucleophilic reagents
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Scheme 7. Synthesis of bis-(2.4-bis(trichloromethyl))1,3,5-triazapentadienato Cu''complex

It is explained below how complexes are formed. C atom in CN group of
trichloroasetonitryl shows high electrophilicity because of CClz group which shows
ability of strong - J induction effect and makes nucleophilic attack of ammonia easier. As
a result, firstly, amidine (A) has formed as an intermediate compound. Then amidine as a
nucleophile has a reaction with the second molecule of trichloroasetonitrile and turnes
into a corresponding ligand B. The corresponding complex is formed by the latest product
and metal. Although CuCl was first seen, during a reaction Cu'*— Cu?* oxydized which
shows the oxydation effect of the system (Scheme 8).

ccl ClC ccls
3 — HN
NH; NH | cl,c—=N N— Cu? N>_NI\-|/ _\<N
Cl,C—=N—2» C|3c—<m_I = |ehe—( NH | N Su
2 H
B c,¢ H H e,

Scheme 8. Probable general scheme of formation of the complex

This mechanism explainswhy hydrazone did not completely participiated in the
reaction. Besides CuCl participiated as an effective catalyst in catalytic olefination
reaction to be formed dichloroalkenes, it also showed a new synthesis of halogenated
triazapentadien complexes from a simple reaction. Especially from this reaction bis and
tris-(2,4-bis(trichlorometyl))-1,3,5-triazapentadienato Me(l1), Me(l11) complexes of other
transition metals (Ni, Zn, Pd, Fe, Mn, Co) were synthesized (Shikhaliyev et al., 2013)
(Scheme 9).
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2+ 3+
cl,c—=N _NH3 Me™, Me ™™ e[NH=C(CCI;)NC(CCI;)=NH]n

DMSO

n=2 Cu, Ni, Zn, Pd
n=3 Fe, Mn, Co

Scheme 9. Synthesis of bis and tris-(2,4-bis(trichlorometyl))-1,3,5-triazapentadienato
Me(I1), Me(I11) complexes

Reaction of N-substituted hydrazones resulted in synthesis of dichlorodiazabutanies
in Scheme 1. Unlike a standart condition (DMSO, NH3z, CuCl), TMEDA was used as an
alkali instead of ammonia and arylhydrazones turned into heterodienes which keep
RN=N-RC=CCI; fragment. Different polyhalogenmetals-CBrCls, CBrs4, CFBr3, etanes-
CFsCCls, CF3-CBr3, CFs-CFBr, also derivatives of trichloro vinegar acid-
etyltrichloroasetate and trichloroasetonitryl were used in this reaction and corresponding
diazadienes were synthesized (Nenajdenko et al., 2017) (Scheme 10).

H H CHalzX, CuCl Hal\ . X
P - 1
R™SN-NAr, TMEDA 25 eq,) RN
DMSO, rt. I
= N
Hal = Cl, Br “Ar

X =Cl, Br,CN, CO,Et, CF;
Scheme 10. Synthesis of dichlorodiazadienes from N-substituted hydrazones

Relevant reactions of arylhydrazones of various derivatives of benzyaldehyde (4-
OCHzs; 2-NOg2; 3-NO2; 4-NOg; 4-Br) (Nenajdenko et al., 2020), as well as bis-aldehydes
were carried out in this direction. The role of non-covalent bonds in crystal design in these
compounds has been studied. Hishfeld surface analysis of many diazediens was
performed (Akkurt et al., 2019; Atioglu et al. 2021).

Synthesized dichlorodiazadienes were used in many synthesis of compounds
especially synthesis of arylhydrazones (Shikhaliev et al., 2021) of a-ketoacid ether and
4-azido-1,2,3-triazol derivatives (Tsyrenova et al., 2020, 2021) can be shown as follows
(Scheme 11-12).

o
Cl Cl CH;0H H,CO_ _O H,CO
Loy "0,
=N N Arl” SN
Al ONT A AT SN DAr? \
HN\AI‘Z
Z-isomer E-isomer

Scheme 11. Synthesis of Z/E isomers of arylhydrazones of a-ketoether

N3
Cl l NaN;(5 eq.) Ar!
| DMSO A\
P N > | N
Ar! N° 2 N N/
\
Ar2

Scheme 12. 4-azido-1,2,3-triazol derivatives
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There is information about new methods of trifluoromethylation and
difluoroalkylation (Prieto et al., 2016) of N-substituted hydrazones with CuCl in the
literature of chemistry (Scheme 13).

R /N‘N’R1 Cu catalytic R /N*N’R1
A + CFXY - &
FINF 2

H R. X=F, ether, amid

Scheme 13.PerfluoroalkylationofN,N-substituted hydrazones with CuCl catalyst

In a functionalization reaction aldehyde hydrazonesdifluoroalkylated with
difluoromethylbromide in a presence of CuCl catalyst and a,a-difluoro-p-ketohydrazones
were synthesized. Stereoselectivity of the process provide it to be used practically and
widely (Prieto et al., 2016).

R, Br-CF,-FG R\z

\ cat CuCl N

| 3 K2CO3 )|\
R1/KH MeCN, 80°C R, CF,-FG

FG = ether, amid, heterocycle
In a room temperature, in a presence of CuCl catalyst trifluoromethylation of N,N-
dialkylhydrazones of aromatic aldehydes with Tony reagent was resulted in useful
trifluoromethylated constructor blocks (Pair et al., 2013).

F,C—1—O
(o)
| X

AN

N Tonni reagents )Nl\
P§ ~  R7OCF

R H Cu(l, cat
CHCl, 20°C

C-H (sp?) trifluoromethylation of N,N-disubstitutedhydrazones in a presence of
CuCl catalyst with Tony reagent is more effective for substances which are synthesized
from aliphatic aldehydes. Beside this, for Fisher trifluoromethylated N-arylhydrazones
are ideal substances in indole synthesis. They support 3 staged process in which 2-
trifluoromethylindol derivatives are formed from simple aldehydes (Prieto et al., 2015).

F3C—|—0
R1 (o) R1 R1
H/ H CF, N
| I CF
©\ N > N = N 3

N CuCl, cat N \

R, CHCI, 20°C R, R,
alphatic aldehyde Synthesis of indole
hydrazone on Fisher

Next, effective general method ofdifluoroalkylation of C-H (sp?) bonding of
aldehyde based hydrazones in a presence of Cu catalyst was prepared (Ke et al., 2016).
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N Cu/B,pin, N N
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It is possible to add difluoroasethat into both aromatic and aliphatic aldehydesas a
result of this reaction. Beside this, diboran as a catalytic reagent plays a significant role
in this process.

Trifluoromethylation of aromatic aldehyde N,N-dialkylhydrazones was represented
in a presence of CuCl catalyst (Scheme 3). In a room temperature Tony reagent was used
as trifluoromethy source (Pair et al., 2013). Former hydrazones keep different functional
groups as nitro, cyano, ester and hydroxyl groups.

CFs
N-NR2 I, CuCl (10 mol %) N-R2
I + o] ))l\
Aot ))\H CHCI3 rt, 1 h Ar(Hety” CF;
o)

In another work, information was prepresented about dialkylation of hydrazones
with functionalized difluoromethylbromide with CuCl catalyst (Prierto et al.., 2015). In
a room temperature stereofunctionalized a,a-difluoro-f-ketohydrazones were obtained
(Scheme 13). It is interesting that, hydrazones attended in a reaction which keep cyano,
ester and hydroxyl functional groups. They have an importance for future investigations.

. :
N- N
-"R CuCl (cat <
J\ ® 4+ Br—CF,FG uCl (cat) Ry N
Ry "H KaCOs Ry “CF,FG
MeCN, 80 °C

FG = ether, amid, heterocycle

Me,N- Me,N
2N COEt 2N o Me:N.\

O/Q MezN\N

. | AN | g \ COEt
/\ F N N

N FF H FF Eto,c F F

N O,N O,N

Presumably, in a reaction of fluoroalkyle radical with hydrazone transit
difluoroalkylatedaminyl radicals were gotton. Next oxydation and deprotonation
reactions reduces functional groups of hydrazone.
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3.  Conclusion

In recent years,in the literature one can meet an information about compounds
which were obtained as a result of polyfunctionalization of N-nonsubstituted, N-
substituted and N,N-disubstitutedhydrazones with polyhalogenalkanes in a presence of
ecologically efficient CuCl catalyst and importance of these compounds as effective
syntones in organic chemistry was emphasized. Especially synthesis of different
heterocyclic compounds, arylhydrazones of a-ketoacid ethers and 4-azido-1,2,3-triazole
derivatives should be specifically considered and this show how important the application
of CuCl catalyst is in the listed reactions.

References

Akkurt, M., Shikhaliyev, N.Q., Suleymanova, G.T., Babayeva, G.V., Mammadova, G.Z.,
Niyazova, A.A., Shikhaliyeva, I.M., & Toze F.A.A. (2019). Crystal structures and
Hirshfeld surface analyses of two isotypic compounds (E)-1-(4-bromo-phenyl)-2-[2,2-di-
chloro-1-(4-nitrophenyl)ethenyl]diazene and (E)-1-(4-chlorophenyl)-2-[2,2-dichloro-1-(4-
nitrophenyl)ethenyl]diazene. Acta Crystallographica Section E: Crystallographic
Communications, 75(8), 1199-1204.

Alexey, V.S., Biligma, D.T., Pavel, G.S., Vitaly, A.R., Ivan, V.S., Victor, N.K. & Valentine, G.N.
(2018). Synthesis of a New Family of 1,1-Diazidoethenes: One-Pot Construction of
4-Azido-1,2,3-triazoles via Nitrene Cyclization. Organic Letters, 20, 7803—7806.

Atioglu, Z., Akkurt, M., Askerova, U.F., Mukhtarova, S.H., Askerov, R.K., &MIlowe, S. (2021).
Crystal structure and Hirshfeld surface analysis of (3Z)-7-methoxy-3-(2-
phenylhydrazinylidene)-1-benzofuran-2 (3H)-one. Acta Crystallographica Section E:
Crystallographic Communications,77(9), 907-911.

Ke, M., Song, Q. (2016).Copper-catalyzedC(sp?)-H difluoroalylation of aldehyde derived
hydrazones with diboron as reductant. The Journal of Organic Chem., 81(9), 3654-3664.

Korotchenko, V.N., Nenajdenko, V.G., Shastin, A.V., & Balenkov, E.S. (2003). Novel efficient
synthesis of dibromoalkenes. A first examole of catalytic olefination of aliphatic carbony!l
compounds. Org. Biomol. Chem., 1(11), 1906-1908.

Korotchenko, V.N., Shastin, A.V., Nenajdenko, V.G., & Balenkova, E.S. (2001). A novel
synthesis of 3, -dibromostyrenes. Synthesis, 14, 2081-2084.

Korotchenko, V.N., Shastin, A.V., Nenajdenko, V.G., & Balenkova, E.S. (2002). Olefination of
aromatic ketones: synthesis of mono- and dihaloalkenes. J. Chem. Soc., Perkin Trans., 1(7),
883-887.

Korotchenko, V.N., Shastin, A.V., Nenajdenko, V.G., & Balenkova, E.S. (2001). A new approach
to fluoro-containing alkenes. Tetrahedron, 57(35), 7519-7527.

Muzalevskiy, V.M., Maharramov, A.M., Shikhaliev, N.G., Heydarova, S.D., Mamedova M.
A.,Balenkova, E.S., ... & Nenaydenko, V.G. (2013). Synthesis of bis-heterocyclic

243


https://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Akkurt,%20M.
https://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Shikhaliyev,%20N.Q.
https://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Suleymanova,%20G.T.
https://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Babayeva,%20G.V.
https://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Mammadova,%20G.Z.
https://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Niyazova,%20A.A.
https://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Shikhaliyeva,%20I.M.
https://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Toze,%20F.A.A.

NEW MATERIALS, COMPOUNDS AND APPLICATIONS, V.5, N.3, 2021

compounds with a phenylene bridge from 1, 4-and 1, 3-bis (2-chloro-2-cyanovinyl)
benzenes. Chemistry of Heterocyclic Compounds, 6, 973-979.

Nenajdenko, V.G., Shastin, A.V., Korotchenko, V.N., Varseev, G.N., & Balenkova, E.S. (2003).
A novel approach to 2-chloro-2-fluorostyrenes. Eur. J. Org. Chem., 2, 302-308.

Nenajdenko, V.G., Varseev, G.N., Korotchenko, V.N., Shastin, A.V., &Balenkova, E.S. (2003).
A novel direct synthesis of (2, 2-difluorovinyl)benzenes from aromatic aldehydes. Journal
of Fluorine Chemistry, 124 (1), 115-118.

Nenajdenko, V.G., Shastin, A.V., Gorbachev, V.M., Shorunov, S.V., Muzalevskiy, V.M.,
Lukianova, A.l., ..& Khrustalev, V.N. (2017). Copper-Catalyzed Transformation of
Hydrazones into Halogenated Azabutadienes, Versatile Building Blocks for Organic
Synthesis. ACS Catalysis, 7(1), 205-2009.

Nenajdenko, V.G., Shikhaliyev, N.G., Maharramov, A.M., Bagirova, K.N., Suleymanova, G.T.,
Novikov, A.S., ..&Tskhovrebov, A.G. (2020). Halogenated diazabutadiene dyes:
Synthesis, structures, supramolecular features, and theoretical studies. Molecules, 25(21),
5013.

Pair, E., Monteiro, N., Bouyssi, D., &Baudoin, O. (2013). Copper-catalyzed trifluorome-
thylationof N, N-dialkylhydrazones. Angewandte Chemie Int. Ed., 52(20), 5346-5349.

Prieto, A., Landart, M., Baudoin, O., Monteiro, N. &Bouyssi, D. (2015).Copper-catalyzed
trifluoromethylation of aliphatic N-arylhydrazones: A concise synthetic entry to 2-
trifluoromethylindoles from simple aldehydes. Advanced Synthesis & Catalysis, 357(13),
2939-2943.

Prieto, A., Melot, R., Bouyssi, D., & Monteiro, N. (2016). C-H Difluoroalkylation of aldehyde
hydrazones with functionalized difluoromethyl bromides under copper catalysis. ACS
Catalysis, 6(2), 1093—1096.

Shastin, A.V., Korotchenko, V.N., Nenajdenko, V.G., & Balenkova, E.S. (2000). A novel
synthetic to dichlorostyrenes. Tetrahedron, 56(35), 6557-6563.

Shastin, A.V., Korotchenko, V.N., Nenajdenko, V.G., & Balenkova E.S. (2001). New method
fort he synthesis of B-bromostyrenes. Russ. Chem. Bull., Int. Ed., 50(8), 1401-1405.
Shikhaliyev, N.G., Maharramov, A.M., Suleymanova, G.T., Babazade, A.A., Nenajdenko, V.G.,
Khrustalev, V.N., Novikov, A.S. & Tskhovrebov, A.G. (2021). Arylhydrazones of a-
ketoestersviamethanolysis of dichlorodiazabutadienes: synthesis and structuralstudy.

Electronic Supplementary Materials Mendeleev Commun., 31, 677-679.

Shikhaliyev, N.G., Maharramov, A.M., Bagirova, K.N., Suleymanova, G.T., Tsyrenova, B.D.,
Nenajdenko, V.G., ...& Tskhovrebov, A.G. (2021). Supramolecular organic frameworks
derived from bromoaryl-substituted dichlorodiazabutadienes via Cl---Br halogen
bonding. Mendeleev Communications, 31(2), 191-193.

Shikhaliyev, N.G., Maharramov, A.M., Muzalevskiy, V.M., Nenajdenko, V.G., & Khrustalev,
V.N. (2012). [N-(1-Azanidyl-2, 2, 2-trichloroethylidene)-2, 2, 2-trichloroethanimidamide]
copper (I). Acta Crystallographica Section E: Structure Reports Online, 68(9), 1220-
1221.

Shikhaliyev, N.G. (2015). New approaches in organic synthesis and coordination chemistry based
on catalytic olefinizationreaction. Post Doctoral Thesis, Baku, 304.

Shixaliyev, N.Q., Maharramov, A.M., Gurbanov, A.V., Gurbanova, N.V., Nenajdenko, V.G,
Muzalevskiy, V.M., ...& Kopylovich, M.N. (2013). Structure and supramolecular
arrangement of bis (2, 4-bis (trichloromethyl)-1, 3, 5-triazapenta-dienato)-M (I1)[M= Ni
(1), Cu (1) and Pd (I1)] complexes. Journal of Molecular Structure, 1041, 213-218.

Tsyrenova, B.D., Khrustalev, V.N. & Nenajdenko, V.G. (2020). 2H-Bis-1,2,3-triazolo-
isoquinoline: Design, Synthesis, and Photophysical Study. J. Org. Chem., 85, 7024—7035.

Tsyrenova, B.D., Khrustalev, V.N. & Nenajdenko, V.G. (2021). Synthesis of blue light emitting
heterocycles via cyclization of 2-pyridine derived 4-azido-1, 2, 3-triazoles. Organic &
Biomolecular Chemistry, 19(37), 8140-8152.

244



