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STRUCTURE AND BIOLOGICAL ACTIVITY
OF THE MIXED-LIGAND COMPLEX OF COPPER
WITH P-NITROBENZOIC ACID AND MONOETHANOLAMINE

Abstract. Analysis of the current state of theory and practice of various growth
stimulants application allows to note their wide use in agriculture, where they play impor-
tant role such as mineral fertilizers. In this connection, a lot of number growth stimulants
are created, and compounds based on metal complexes take important place.

Key words: p-nitrobenzoic acid, monoethanolamine, Cu complex, molecular and
crystal structure, SAR, TG-DSK, mass spectrum, growth stimulating activity.

Introduction. The possibility of an enhancement of biological action of the
low-active organic substances by formation of monoligand metal complexes was
studied in detail, and very promising results were obtained [1-3]. However, the
literature analysis indicates that there are no works devoted to systematic study of
bioactivity optimization in mixed-ligand complexes.

Very promising is the approach when cheap and commercially available
substances demonstrating simultaneous antimicrobial and growth-stimulating
actions will be used as the main ligand. The simplest mono-derivatives of benzoic
acid, as nitro-, amino- and hydroxybenzoic acids are such compounds [4]. Etha-
nolamines, showing the same biological effect can be selected as an auxiliary
ligand [5]. Based on this, we conducted the syntheses with participation of the p-
nitrobenzoic acid (PNBA), monoethanolamine (MEA) and salt of copper (I)
sulfate (Cu,SQO,) salt.

Thus we have synthesized a new mixed-ligand metal complex of copper
containing two molecules of PNBA and two molecules of MEA.

EXPERIMENTAL PART

A hot solution of PNBA containing 0.167 g (1 mmol) in methanol was ad-
ded to solution of water-methanol mixture (1: 0.25 by volume) containing 0.135 g
(0.5 mmol) of CuCl;:2H,0 in 4 ml. In to this mixture 62 pl of MEA was added
dropwise with constant stirring. The reaction mixture was kept in an ultrasonic
bath (30 kHz) for 10 minutes. The resulting solution was placed in a tub, not
tightly closed (at 20° C). After 8 days prismatic crystals are formed. The yield
was about 60%.
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Experimental data for X-ray diffraction analysis were collected using the
CrysAlisPro program [6] on an X-ray difractometer “Xcalibur R CCD” (Oxford
diffraction, England) using CuK, radiation with A=1.5418A (graphite monochro-
mator, w-scanning method). The correction for absorption was made by a multi-
scan method of the same program. The structures were solved by a direct method
and refined by the least square method [7] using the SHELXS-97 software pac-
kages [8]. Molecular and crystalline structures were plotted by the MERCURY
software [9]. The crystallographic parameters and details of structure refinement
are given in the table 1.

Table 1 — Crystallographic parameters and details of the structure refinement
of the mononuclear mixed-ligand Cu complex.

Characteristics Amount of parameters value of quantity
Formula Cu[((PNBA),+(MEA),)]
Crystal system Monoclinic
Etc. gr. P2,/n
a, A 4.781(5)
b, A 21.252(5)
cA 10.701(5)
a, deg 90
B, deg 97.375(5)
v, deg 90
v, A? 1078.3(13)
z 2
p( calculated), g / cm® 1.595
w, mm* 1.077
Crystal dimensions, mm 0.08 x 0.16 x 0.40
Scanning interval 6, deg 3.9,50.2
h, k, I range -5:5; -25:24; -11:12
Collected reflections 7618
Rint 0.034
Reflections with 1> 24 (1) 1540
GOOF (F2) 1.08
R1, wR2 (1> 25 (1)) 0.0601, 0.1956
Aprmax, Apmin, €/ A® -0.56, 0.48
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The thermal analysis of compounds was carried out in an inert argon
atmosphere under programmable non-isothermal heating conditions in mixture
with a-Al,O5 standard in ratio 1: 1 at heating rate of 10 deg / min in 25-400°C
temperature interval on combined thermal analyzer STA 409 PC LUXX from
Netzsch (Germany). Mass spectra were registered using an ion trap mass spectro-
meter and time-of-flight mass spectrometer Aglient 6400 TripleQuadrupole LC /
MS (Germany) and Q-TOF Agilent 6520 va 6400 TripleQuadrupole LC / MS
(Germany), respectively. The ionization was performed by electrospray, the mass
spectra were recorded with the following experiment parameters: m / z range 50-
400, dehydration gase flow rate (nitrogen) 3 ml / min at 300 ° C, gas pressure on
nozzle needle 20 psi , the voltage of the fragmentator is 35 V, capillary voltage is
3500 V.

Results and Discussion. In the crystals; the Cu?" ions located at inversion
centers are coordinated chelatly by two MEA molecules through nitrogen and
oxygen atoms (figure 1). Two more PNBA molecules are monodentately attached
to metal ions, both by oxygen atoms of the carboxyl group, which is in carboxy-
late form in order to compensate positive charge of the copper ions. The carboxy-
late group is not coplanar with benzene ring - the corresponding dihedral angle is
25.28 °. The nitro group is inclined to aromatic nucleus at 11.51°.

Figure 1 — The structure of the complex molecule in the Cu[((PNBA),+(MEA),)] compound

Polyhedron of the copper ions is octahedron which is strongly distorted by
the Jahn-Teller effect [10-12].

The mixed ligand metal complex with composition of Cu [((PNBA),+
(MEA),)] is stable up to 167°C (figure 2) and loss of mass in the temperature
range of 20-370 ° C occurs in one stage - 167-320° C, in this interval the thermal
decomposition of the sample with loss of weight of 62.16% takes place. The
DSC-curves show two peaks: endothermic - Tnax 155.2 and the immediately
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Figure 2 — Thermal analysis of the complex Cu[((PNBA),+ (MEA),)]

following exothermic peak at T 185 ° C. The first peak corresponds to sample
melting, and the subsequent thermal oxidative destruction is characterized by an
exothermic peak. The total amount of energy corresponding to these processes is
157 J/ g. The maximum degradation rate is 2.5% per minute.

To study the component composition, the complex compounds were
analyzed by HPLC-mass spectrometry (figure 3). After the scan with posi-
tive ionization, a molecular fragments with the characteristics [M + H] = 518,
[M =517 + 1] were detected, and it can be assumed to formation of the complex,
which is sufficiently resistant to external influences.

x10 3 |+ESI Scan (0.005 min) Frag=50.0V CF=0.000 DF=0.000 740.d
2.4+

2.2
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Figure 3 — Mass spectrometry of the complex Cu[((PNBA),+ (MEA),)]

191



XUMWYECKHH )KYPHAJI KA3AXCTAHA

Thus, the Cu[((PNBA),+(MEA),)] compound is a mixed-ligand mononuclear
complex of Cu (I1) with PNBA and MEA of 1: 2: 2 ratio.

Growth stimulating activity. PNBA shows growth stimulating activity, but
significantly less than p-aminobenzoic acid [13]. The stimulating effect of MEA
is much greater, and therefore preparations based on this substance are used as
growth stimulants [14]. In this connection, synthesized compounds should exhibit
enhanced growth-stimulating properties.

During the experiments, the testing compound - mononuclear complex of Cu
with PNBA and MEA was designated as substance No.1.

In vegetative experiments, the effect of synthesized compound on the
growth, development, and harvest of cotton-wool was studied. Before sowing, the
seeds were soaked with water and tested stimulants with 0.001% concentration. In
the growing phase of 3-4 true leaves, in the budding and flowering - fruit-forma-
tion phases of cotton growing, the plants were sprayed with the test preparation
[15, 16].

When applying the plant growth stimulator, the general provisions are obser-
vance all rules of agricultural technology, support of good plant nutrition regime,
and observing the rules for using the stimulant so as not to destroy the plant. The
growth stimulator was stored in tightly closed glass container with plug glass
stopper in dry and dark place or in opaque containers.

During the cotton growing period, careful maintenance of plants was carried
out: watering, loosening of the soil, thinning, fertilizing, treatment of plants from
diseases, phenological observations and biometric measurements were carried
out. During the growing season, soil moisture was maintained at 60-65% of total
moisture capacity.

The vegetation experience was carried out in 4-fold replication.

Soil under the experience: typical serozem (Calcisol, WRB, 2006) with the
following characteristics: C a1 - 0.54%); N tora - 0.09%; P yota1 - 0.14%; pH 7.2.

The stimulator was studied on cotton crop (Gossypium hirsutum) of the
"Akdarya-6" sort in vegetation experiments. The average vegetative period of
plants varies from 117 to 128 days.

The land treatments were carried out according to generally accepted tech-
nique of Cotton Breeding, Seed Production and Agro-Technologies Research
Institute (Tashkent, Uzbekistan).

In the experiments special attention was paid to acceleration of development
rates of cotton- plants. In Fig. 4 the influence of studied stimulator on growth of
main cotton-plants stem on different development stages is clearly traced. If in
germination stage there was no significant difference in variants, then stimulating
effect of studied complex on plant growth is found to phase of 3-5 true leaves (the
length of the main stem is 61.3% longer than in control version). The highest
plants are fixed in variant with stimulator, reaching a maximum of 18.0 cm,
which exceeds the control variant by 6 cm (i.e. by 50%). In the flowering phase
and in terminal stage of fruit formation (maturation), the intensification of plants
growth was noted: in the stimulator variant the length of plant main stem were
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Figure 4 — Dynamics of cotton growth under the influence of the preparation

respectively 82.25 and 109.25 cm (which is 19.6 and 21.1% longer than in
control).

The main criterion which make for effectiveness of studied preparation is the
level of cotton-wool harvest. From the results presented in table. 2. it can be seen
that the yield of in the test group of plants (with growth stimulator) was 28.3%
higher than yield from the control plants (without stimulant). It is important that
under influence of mixed-ligand complex, the opening and ripening of bolls is
somewhat delayed. Thus, in the control variant 70% of cotton-wool was collect at
first harvest, while in tested variant only 45.7%, for 2 harvest, respectively, 20.0
and 30.1%, for 3 harvest - 9.4 and 24.1% of the total harvest of cotton-wool.

It should be especially noted that in variant with mixed ligand complex, in
addition to increasing bolls number from one plant (up to 33.75 pcs vs. 26.0 pcs
in control, i.e. by 29.8% more), the complete ripening of formed bolls was fixed
(the number of unripe fruit-elements in test variant was 41.5% less: 11.3 pieces
versus 19.3 in the control). These phenomena together contributed to increase in
yield of cotton-wool by 28.3%.

Table 2 — Cotton yield by applying mixed ligand complex as growth stimulants

Weight of cotton-wool
(seeds and lint), in g / per 1 plant

Ne | Variants  [harvest 1] harvest 2 |harvest 3] Total | Sum of | Weight | Imma- | %
28.08.16| 14.09.16 {30.09.16 bolls, units| of boll, ture
per 1 plant g fruit, g

Total harvest

N200P140Ks60-
background

2 | Preprationl | 67.25 44.25 355 |147.0| 33.75 4.35 11.3 |129.8

80.25 22.97 10.8 |114.6 | 26.00 44 19.30 | 100

193



XUMWYECKHH )KYPHAJI KA3AXCTAHA

So, on the basis of the carried out studies it was revealed that Cu [((PNBA),+
(MEA),)] compound, has stimulating activity on the growth and development of
cotton. In this metal complex, growth of bioactivity to almost 30% is observed.

Multifunctional action on plants, apparently, is associated with the activation
of phytohormones, which is expressed in acceleration of seeds germination, plants
lenght, mass of aboveground part and roots, productive bushiness. The revealed
positive qualities of the stimulant under investigation ultimately lead to yield
increase and an improvement in the cotton fiber quality.

Conclusion. Thus, our complex of agrochemical vegetative studies, the qua-
litative characteristics of the studied compound, and its influence on the yield of
the tested plants made it possible to conclude that effective stimulant of a new
generation that positively influenced the growth and development of cotton was
obtained.

The practical significance of synthesized compounds is growing if we take
into account that it is the mononuclear copper complex that exhibits maximum
antifuzario activity [10]. To apply this compound as a growth preparation, the
cotton seeds are soaked in advance by inoculation. Since Fusarium fungi are
constantly present in the soil, the preparation simultaneously exhibits both growth
and antifungicidal actions. In this regard, we can argue that an effective dual-
action complex has been obtained that is promising in terms of introduction into
agriculture.
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Pe3zrome

A. B. Hbpazumos, JI. Mamacanuesa, P. Kum, O. Mauuna, b. C. Zakirov,
b. T. Hopazumos, XK. M. Awypos, A. A. Mamadpaxumos

n-HUTPOBEH30M KbILIKbIJIbI MEH MOHOSTAHOJIAMHUHMEH
MBICTBIH APAJIAC JINI'"AH/I KEIHEHIHIH K¥PbIJIbIMbI
’KOHE BMOJIOT'MAJIBIK BEJICEHAUIITT

Typii eciMIik ©ciMiH BIHTATAHIBIPFHIIITAP KOMAAHYIABIH TEOPHICH MEH IpPaKTHKAa-
CBIHBIH aFBIMJAFBI JKail-KYHiH capanTay oJapAblH MHUHEPANIBIK THIHAWUTKBIIITAD CHUSKTHI
MaHbI3/Ibl POJI aTKapaThlH aybll LIaPYallbUIBIFBIHA OJIAPJIBbIH KEHIHEH KOJIJaHbLIAThIH-
JBIFBIH aTan eTyre MyMKiHAIK Oepexai. OckiraH OaiyaHBICTBI, KONITEreH OCIMI bIHTAIaH-
JBIPFBIIITAP JKACAJBIN, METAJUT KEIICHCPIHE HETi3MEeNINeH KOCBUIBICTAD MaHBI3BI OPBIH
anyza.

Tyiiin ce3mep: m-HUTPOOCH30M KBIIIKBLIBI, MOHOATaHONaMuH, CU KelIeHi, MOJIEKy-
JIATBIK, JXoHe KpucTanasl KypeuibiM, SAR, TG-DSK, macce criektp, eciMi bIHTaIaHIBIPA-
TBIH O€JICEHILTIK.
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A. B. HUbpazumos, JI. Mamacanuesa, P. Kum, O.Mauuna, B. C. Zakirov,
b. T. Hopazumos, K. M. Auwypos, A. A. Mamadpaxumos

CTPYKTYPA U BUOJIOTHUYECKAA AKTUBHOCTD
CMEIIAHHO-JIM'TAHTHOT'O KOMIIJIEKCA MEJIN
C n-HUTPOBEH30MHOU KNCJIOTOU 1 MOHOSTAHOJIAMMHOM

AHanu3 COBPEMEHHOI'O COCTOSIHHSI TCOPHH M TPAKTHKUA MPUMEHEHHS Pa3IUYHBIX
CTUMYJISITOPOB POCTA MO3BOJIIET OTMETUTh UX IIUPOKOE HCIIOIB30BAHKUE B CEIBCKOM XO-
3SCTBE, TJIe OHM WUTPAIOT BXKHYIO POJIb KaK MHUHEpalibHbIe ynoOpeHus. B cBs3u ¢ atum
CO3/]aeTCsI MHOXKECTBO CTHMYJIITOPOB POCTA, M COEIUHEHHs, OCHOBAHHBIE HA METAaJLIH-
YEeCKHUX KOMIUIEKCAX, 3aHUMAIOT B)KHOE MECTO.

KnaioueBsbie ciioBa: n-HUTPOOEH30IHAsE KHCIIOTa, MOHOATaHOJIAMKH, KoMmiuiekc Cu,
MOJICKYJISIpHAsE U KpucTayuinueckas crpykrypa, SAR, TG-DSK, macc-cnektp, ctumyiu-
pyrolas pocT akTHBHOCTb.

196





