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Abstract: The introduction of anions and cations into energetic materials can
significantly improve their physicochemical and energetic properties. The K, Zn,
Ba, Cu and Pb salts of 1,1,2,2-tetranitraminoethane (TNAE) were synthesized
using TNAE as the starting material, and were characterized by IR spectroscopy,
NMR spectroscopy and elemental analysis. All of the energetic salts exhibited
relatively high thermal stabilities (decomposition temperatures ranging from
195.1 °C to 279.3 °C) and high densities (ranging from 2.1 g-cm™ to 3.7 g-cm™).
It was demonstrated that the introduction of metal ions conveys better thermal
stability than covalent TNAE itself. More importantly, the Zn, Ba and Cu salts
exhibited good thermal stability, high density, low sensitivity, and therefore have
the potential to be a new class of insensitive, highly energetic explosives for
practical applications.
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1 Introduction

1,1,2,2-Tetranitraminoethane (TNAE) is a high-energy, oxygen-rich explosive
that can be prepared by hydrolysis of tetranitroglycoluril (TNGU) or
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1,3,4,5,7,8-hexanitrooctahydrodiimidazo-[4,5-b:4¢,5-¢]-pyrazine-2,6(1H,3 H)-
dione (HHTDD) in the presence of alkali [1, 2]. The four primary nitramino
groups in TNAE possess good reactivity, and can be further functionalized to
produce heterocyclic nitramines [3] and cage-like energetic materials such as
CL-20[2]. Although a lot of energetic materials with great detonation properties
have been reported, TNAE being one such, high energy is always accompanied
by a major disadvantage, high sensitivity. Therefore, the modification of these
energetic compounds to reduce the sensitivity while maintaining good detonation
performance has become an important research direction. There are many reports
that have shown good results can be achieved by combining energetic materials,
such as furazans, azoles, nitriles, nitrobenzenes and non-aromatics, with anions
and cations [4-12]. Therefore, preparation of energetic salts or complexes has
provided a novel strategy for searching for insensitive, highly energetic materials.
It has been successfully applied in the fields of primary explosives, energetic
catalysts, rocket propellants, efc. [13-15].

With poor thermal stability, TNAE slowly undergoes hydrolysis in mildly
acidic and neutral conditions. Due to the acidity of the nitramino groups, TNAE
can form stable salts with counter ions, such as metal ions, carbamylguanidinium,
ammonium, guanidinium, hydrazinium, hydroxylamine, triaminoguanidine,
which were found to be interesting as new energetic ingredients [2, 16].
The sodium salt of TNAE has significantly improved detonation performance and
is by far one of the highest energy compounds [17, 18]. Recently, Born et al. [19]
reported the crystal structures, sensitivities, and aquatic toxicity of the K and
Na salts of TNAE, in which the results showed that both the K and Na salts
were sensitive to impact. In order to search for more insensitive and higher
energy TNAE salts, we used TNAE as the parent compound to synthesize
the K, Ba, Cu, Zn and Pb salts of TNAE by deprotonation. Their structural
characterization and related performances were tested. The thermal stability
of all of the salts obtained were greatly improved and the crystal density had
increased significantly. Among these salts, the Zn salt, Ba salt and Cu salt were
very insensitive to impact and friction.

2 Experimental

Caution: TNAE and its salts are energetic materials and are sensitive to impact
and friction. In the process of these experiments, the necessary personal protective
equipment is strongly recommended, e.g. explosion-proof shield, leather gloves,
and small scale are strongly encouraged!

Copyright © 2018 Institute of Industrial Organic Chemistry, Poland
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2.1 Materials

Tetranitroglycoluril and TNAE were prepared in the laboratory [17, 18, 20],
and all others reagents were purchased from local commercial suppliers and
used without any further purification.

Tetra-potassium 1,1,2,2-tetranitraminoethane (TNAE-K): TNAE (5.40 g,
20 mmol) was dissolved in MeOH (100 mL) and K,COs (5.52 g, 40 mmol) was
added in portions. After mechanical stirring at room temperature for 2 h, the
reaction product was filtered off and the filter cake was washed with methanol
(50 mL) and dried in vacuo to give the target product (7.82 g, 92.7%). 'H NMR
(600 MHz, D,0): 5.91 (s, 1H, CH) ppm; '*C NMR (150 MHz, D,0): 77.5 ppm;
IR (KBr, cm ™) v: 2961 (C-H), 1674 (N-N), 1404 (N-O), 1380 (N-O), 1319 (N-
N), 1247 (C-C), 1105 (C-N), 959 (C-C); Analysis Calcd. for K4C,H,NgOs-H,O:
C5.45,H0.92, N 25.44%; Found: C 6.18; H 0.88; N 25.44%.

Di-barium 1,1,2,2-tetranitraminoethane (TNAE-Ba): Ba(CH;COO),
(10.24 g, 40 mmol) was slowly added to a solution of TNAE (5.40 g, 20 mmol)
in distilled water (100 mL). The reaction mixture was stirred at room temperature
for 1 h to give a white suspension. The precipitated product was filtered off,
and washed with methanol and water until the filtrate was neutral. The product
obtained was dried in vacuo to give Ba,TNAE (10.65 g, 98.3%). IR (KBr, cm™)
v: 2942 (C-H), 1646 (N-N), 1429 (N-O), 1311 (N-N), 1274 (C-N), 1237 (C-C),
1118 (C-N), 973 (C-C); Analysis Calcd. for Ba,C,H,NzOs-3H,0: C 4.04, H 1.36,
N 18.84%; Found: C 4.18; H 1.60; N 18.51%.

Di-copper 1,1,2,2-tetranitraminoethane (TNAE-Cu): The compound
Cu(NOs), (2.24 g, 12 mmol) was added to a solution of KsTNAE (2.11 g, 5 mmol)
in water (60 mL); the reaction solution immediately turned blue and a blue solid
precipitated. After mechanical stirring at room temperature for 1 h, the precipitated
product was filtered off, and was washed with methanol and water until the filtrate
was neutral. The product obtained was dried in vacuo to give Cu,TNAE (1.42 g,
72.3%). IR (KBr, cm™') v: 1622 (N-N), 1419 (N-O), 1342 (N-N), 1281 (C-N),
1142 (C-N), 1026 (C-C); Analysis Caled. for Cu,C,H,NgO5-H,0: C 5.84, H 0.98,
N 27.25%; Found: C 4.14; H 1.52; N 19.11%.

Di-zinc 1,1,2,2-tetranitraminoethane (TNAE-Zn): The compound
Zn(NOs),-6H,0 (3.35 g, 12 mmol) was added to a solution of K,TNAE (2.11 g,
5 mmol) in water (60 mL). A white solid precipitated immediately from the reaction
solution. After mechanical stirring at room temperature for 1 h, the precipitated
product was filtered off, and was washed with methanol and water until the filtrate
was neutral. The product obtained was dried in vacuo to give Zn,TNAE (0.88 g,
44.7%). IR (KBr, cm™") v: 2973 (C-H), 1633 (N-N), 1367 (N-0O), 1285 (C-N),
1130 (C-N), 1024 (C-C); Analysis Calcd. for Zn,C,H,NsOg-2H,0: C5.55,H 1.4,

Copyright © 2018 Institute of Industrial Organic Chemistry, Poland



438 C. Zhu, Z. Meng, Z. Xu, W. Liu, Y. Liu, X. Shi, Y. Liu, T. Xie

N 25.89%; Found: C 5.54; H 1.20; N 24.73%.

Di-lead 1,1,2,2-tetranitraminoethane (TNAE-Pb): The compound
Pb(NOs),-6H,0 (3.57 g, 12 mmol) was added to a solution of Ks,TNAE (2.11 g,
5 mmol) in water (60 mL). A white solid precipitated immediately from the reaction
solution. After mechanical stirring at room temperature for 1 h, the precipitated
product was filtered off, and was washed with methanol and water until the filtrate
was neutral. The product obtained was dried in vacuo to give Pb,TNAE (2.51 g,
73.5%). IR (KBr, cm ') v: 1627 (N-N), 1415 (N-O), 1347 (N-N), 1278 (C-N),
1146 (C-N), 1027 (C-C); Analysis Calcd. for Pb,C,H,N3Os-H,O: C 3.44, H 0.58,
N 16.04%; Found: C 4.37; H 0.58; N 14.99%.

2.2 Instrumental methods

IR spectra were recorded on a PerkinElmer 1600 Fourier transform infrared
spectrometer (Boston, MA, USA). 'H NMR (600 MHz) and '*C NMR
(150 MHz) spectra were recorded with a Bruker Avance II 600 spectrometer
(Munich, Germany). Elemental analyses were obtained on an Elementar Vario
MICRO CUBE (Germany) elemental analyzer. Thermal analysis was carried
out using a Shimadzu DSC-60 (Japan) instrument under a nitrogen atmosphere
at a flow rate of 50 mL-min!; sample weight was about 0.7 mg; heating rates
5°C'min!, 10°C'min', 15 °C-min', 20 °C-min " and 25 °C-min "', from ambient
temperature to 450 °C. Density data were determined using a Micromeritics
Accupyc II 1340 gas pycnometer at 25 °C.

The sensitivity to impact and friction stimuli were tested according to China’s
national military standard (GJB 772A-97) [21]. The sensitivity to impact was
tested using a Fall Hammer WB-IIB (China), and the method in detail was as
follow: a 10 kg drop hammer was allowed to fall freely from a height of 25 cm
onto the test sample (50 £1 mg), and the results were expressed as a percentage
of the impact sensitivity (the ratio of the number of explosions to the number
of experiments). Sensitivity to friction was measured on a Friction Apparatus
WI-IIB (China), and a sample weight of 20 =1 mg was measured under the
following conditions: drop hammer: 1.5 kg, tilt angle: 90 +£1°, positive pressure:
3.92 £0.07 MPa, and the sensitivity to friction was expressed as a percentage of
the friction sensitivity (the ratio of the number of explosions to the number of
experiments). During the sensitivity to impact and friction tests, the experiments
were repeated 25 times for each group, a total of 2 parallel experiments for each
kind of sample, and the final results were taken as the average.

Copyright © 2018 Institute of Industrial Organic Chemistry, Poland
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3 Results and Discussion

3.1 Synthesis

The synthetic method for TNAE was based on previous literature [17, 18]
(Scheme 1). Basically, the TNAE salts were mainly prepared by the solubility
differences of the salts in water and alcohol. K salt was insoluble in CH;OH
and soluble in H,O, hence the reaction was carried out in CH;OH, and the target
product was obtained by direct filtration after the reaction was complete. It maybe
further purified by recrystallization from water. Analogously, TNAE reacted with
Ba(CH;COO), in water to afford the Ba salt. The Zn salt, Cu salt and Pb salt
were prepared by a substitution reaction between the K salt and the corresponding
nitrates. All of the salts obtained were characterized by FTIR and elemental
analysis. In all of the IR spectra of the TNAE salts, the strong IR absorption
around 3200 cm™! (N-H) of TNAE was absent, while other characteristic
absorption peaks of TNAE were retained. Since the K salt could be dissolved
in water, but the other salts were insoluble in both organic solvents and water,
only the K salt could be identified by NMR spectroscopy.
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Scheme 1. Synthetic route to TNAE and its salts

3.2 Thermal properties

The DSC curves, at a heating rate of 5 °C/min, for TNAE-Pb, TNAE-K,
TNAE-Zn, TNAE-Cu and TNAE-Ba are shown in Figure 1. The decomposition
temperature (74) of the K salt was the highest (279.3 °C), and possessed the best
thermal stability, followed by the Zn salt (244.3 °C), the Ba salt (234.4 °C),
the Pb salt (199.7 °C) and the Cu salt (195.1 °C). Obviously, the thermal stability
is greatly improved by salt formation (74 (TNAE) =158.7 °C[1]). Ofthese salts,
the thermal stabilities of the K, Ba, and Zn salts were better than that of RDX
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(T4= 230 °C) [22], and slightly lower than HMX (73 = 287 °C) [22], which can
be classified as a heat-resistant energetic material. There were two exothermic
peaks in the curve for the K salt, one corresponding to the decomposition of the
K salt and the other likely to be due to the decomposition of K,O [23]. In addition,
it is important to note that the data we obtained for TNAE-K was very close to
that reported by Lee ef al. (284 °C) [2], and considerably different from that of
Born (225 °C) [19], which is probably related to the presence of crystal water.
In the curve for the Zn salt, there was a small exothermic peak after the main
exothermic peak, which is presumed to be due to the secondary decomposition
of the decomposition residue.

159 a——TNAEPD, T,,199.7C
b——TNAEK, T,,2783C
c——TNAE-Zn, T,,244.3C
d——TNAE-Cu, T,,195.1C
e——TNAE-Ba, T,, 234.4T
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Figure 1. DSC curves of the Pb, K, Zn, Cu and Ba salts of TNAE at a heating
rate of 5 °C-min!

3.3 Safety tests

The sensitivity of the salts to impact and friction are listed in Table 1. The Pb salt
was the most sensitive to impact (100%) and fiction (100%). Although the K salt
was very insensitive to friction (8%), it was very sensitive to impact (100%).
The Ba, Cu and Zn salts all had a low degree of friction and impact sensitivity
(percentage), with the Ba salt being the most insensitive. In order to compare
the performance of these salts with commonly used explosives, we measured
the sensitivities of HMX and RDX under the same experimental conditions.
The sensitivities of the Ba, Cu and Zn salts were obviously lower than those of
HMX, RDX and TNAE. Moreover, the density data was also obtained using the
standard container method (Table 1). Compared with TNAE (1.836 g-cm™) [1],
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the density was significantly improved after the introduction of the metal ions.
In particular, the density of the Pb salt was up to 3.7 g-cm ™3, but its high sensitivity
limits its application. Since TNAE has 4 nitramino groups and only 2 carbon
atoms, it possesses a positive oxygen balance (5.92%). Upon formation of the
salts, the oxygen balance becomes closer to zero, which suggested that these
energetic salts only release a very limited amount of harmful gas (e.g. NOy).

Table 1.  Results of the sensitivity tests and other selected parameters of the
five TNAE salts and commonly used explosives

Compound IS* kst If P & N'

[%] [%0] [°C] | [grem™] | [%] [%]
TNAE-K 100 8 2793 | 2.1032 | +3.79 | 26.55
TNAE-Ba 0 12 2344 | 23935 | +2.95 20.67
TNAE-Cu 28 16 195.1 | 2.4752 | +4.08 28.58
TNAE-Zn 40 4 2443 | 2.8662 | +4.06 | 28.44
TNAE-Pb 100 100 199.7 | 3.7059 | +2.35 16.42
HMX 100 96 287 1.91 —21.6 37.84
RDX 80 76 230 1.816 | —21.6 37.84
TNAE 98 90 158.7 1.836 | +5.92 | 41.48

*Impact sensitivity; ® Friction sensitivity; ¢ Decomposition temperature (DSC/5 °C-min");
4Measured density; ¢ Oxygen balance Q = 1600*[wO — 2C — 0.5yH —2]/My; ‘Nitrogen content

3.4 Thermolysis

Our data so far had shown that the K salt had the best stability, that the Zn salt
had moderate thermal stability and sensitivity, and that Pb salt was a commonly
used addition component in explosives. Therefore, we studied further the
thermal decomposition kinetics of these salts using different DSC heating
rates (5 °C'min!, 10 °C'min™!, 15 °C'min”', 20 °C'min' and 25 °C'min™").
The data was processed using the Kissinger method [24], and gave the thermal
decomposition kinetic parameters for the exothermic decomposition peaks
(Table 2). As shown in Table 2, the decomposition temperature increased
as the heating rate was increased. The apparent activation energy of the Zn salt
was 213.75 kJ-mol !, which was higher than the K salt (181.91 kJ-mol '), the
Pb salt (156.39 kJ-mol™") and TNAE (151.32 kJ-mol ™) [25]. This indicated
that the Zn salt had theoretically a better stability. The K salt had the highest
decomposition temperature in the actual test, but the theoretically calculated
thermal stability was not as good as that of the Zn salt, which may be related
to the crystal structure and particle morphology of the salts. In addition,
all linear correlation coefficients were greater than 0.98, which indicated that the

Copyright © 2018 Institute of Industrial Organic Chemistry, Poland
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correlations were good. Simultaneously, the corresponding Arrhenius equation
was also calculated and is listed in the Table 2.

Table 2.  Kinetic parameters for the K, Zn and Pb salts

a T,® Ec In(4)¢ Arrhenius equation,
Compound [°Cfnin4] K] | mol ] [g,% r Ik
5 |551.15
10 |560.59
TNAE-K 15 [566.16 | 181.91 | 38.70 | 0.988 |38.70-181.91x10%RT
20 56839
25 |574.03
5 [51748
10 [524.77
TNAE-Zn | 15 [527.12 | 213.75 | 48.99 | 0.982 |48.99-213.75x10¥RT
20 |529.75
25 |534.98
5 46933
10 |475.73
TNAE-Pb | 15 |480.09 | 15639 | 3930 | 0.987 |39.30-156.39x10%RT
20 |484.68
25 |487.82

*DSC heating rates; ® Decomposition temperature; ¢ Calculated activation energies; ¢ Calculated
preexponential factor; ¢ Linear correlation

4 Conclusions

In summary, five metal salts of TNAE have been synthesized and characterized.
After the introduction of the metal ions, the TNAE-based salts showed
much higher density and better thermodynamic stability compared to the
undeprotonated TNAE. The Zn salt and the Ba salt were only outperformed by
HMX, RDX and TNAE in the thermodynamic and sensitivity tests, and these
results make them promising candidates as insensitive, highly energetic
ingredients for practical applications. Furthermore, the thermal decomposition
kinetics of the K, Zn and Pb salts were studied, and the apparent activation
energies were 181.91 kJ-mol ™!, 213.75 kJ-mol 'and 156.39 kJ-mol ", respectively.
This can provide an important reference for the further study of the synthesis
and applications of TNAE and its salts.

Copyright © 2018 Institute of Industrial Organic Chemistry, Poland



Synthesis and Characterization of Metal Derivatives of 1,1,2,2-Tetranitraminoethane... 443

References

(1]
(2]

(3]

Peng, Z. J.; Wan, D. Z. The Synthetic Study of Tetranitroglycoluril and Its
Hydrolized Product. Acta Armamentarii 1980, 3: 23-27.

Wang, L. Y.; Goede, P.; Latypov, N.; Ostmark, H. Synthesis and Analysis of
N,N’,N” N*”-Tetranitro-1,1,2,2-ethanetetramine and Energetic Salts Thereof. 36"
Int. Annu. Conf. ICT, Karlsruhe, Germany 2005, 124/1-124/9.

Zheng, Y.; Zhou, J.; Zhou, D.; Zhang, M. Synthesis of 1,1,2,2-Tetrakis(difluoroa
minomethylenenitroamino)ethane and Its Related Compounds. Binggong Xuebao
1988, 9(1): 59-63.

Wu, B.-D.; Li, Y.-L.; Li, F.-G.; Zhang, T.-L. Preparation, Crystal Structures and
Thermal Decomposition of Three Energetic Manganese Compounds and a Salt
Based on Imidazole and Picrate. Polyhedron 2013, 55(1): 73-79.

Wang, R.; Guo, Y.; Zeng, Z.; Twamley, B.; Shreeve, J. M. Furazan-functionalized
Tetrazolate-based Salts: a New Family of Insensitive Energetic Materials. Chemistry
2009, 715(11): 2625.

Klapotke, T. M.; Preimesser, A.; Stierstorfer, J. Energetic Derivatives of
4,4,5,5'-Tetranitro-2,2'-bisimidazole (TNBI). Z. Anorg. Allg. Chem. 2012, 638(9):
1278-1286.

Huynh, M. H. V.; Hiskey, M. A.; Chavez, D. E.; Naud, D. L.; Gilardi, R. D.
Synthesis, Characterization, and Energetic Properties of Diazido Heteroaromatic
High-Nitrogen C-N Compound. J. Am. Chem. Soc. 2005, 127(36): 12537-43.
Guo, Y.; Tao, G.-H.; Joo, Y.-H.; Wang, R.; Twamley, B.; Parrish, D. A_;
Shreeve, J. M. Impact Insensitive Dianionic Dinitrourea Salts: the CN4Os>~ Anion
Paired with Nitrogen-Rich Cations. Energy Fuels 2009, 23(9): 4567-4574.

Gao, H.; Ye, C.; Gupta, O. D.; Xiao, J. C.; Hiskey, M. A.; Twamley, B.;
Shreeve, J. M. 2.,4,5-Trinitroimidazole-based Energetic Salts. Chemistry 2007,
13(14): 3853-3860.

Fischer, D.; Klapotke, T. M.; Piercey, D. G.; Stierstorfer, J. Synthesis of
5-Aminotetrazole-1N-oxide and Its Azo Derivative: a Key Step in the Development
of New Energetic Materials. Chemistry 2013, 19(14): 4602-4613.

Gamage, N. D.; Stiasny, B.; Stierstorfer, J.; Martin, P. D.; Klapotke, T. M.;
Winter, C. H. Highly Energetic, Low Sensitivity Aromatic Peroxy Acids. Chemistry
2016, 22(8): 2582-2585.

Tang, Y. X.; Gao, H. X.; Mitchell, L. A.; Parrish, D. A.; Shreeve, J. M. Syntheses
and Promising Properties of Dense Energetic 5,5'-Dinitramino-3,3'-azo-1,2,4-
oxadiazole and Its Salts. Angew. Chem. Int. Ed. 2016, 55(9): 3200-3203.
Klapétke, T. M.; Sabaté, C. M.; Rasp, M. Alkali and Transition Metal (Ag, Cu)
Salts of Bridged 5-Nitrotetrazole Derivatives for Energetic Applications. Dalton
Transactions 2009, 10(10): 1825.

Fischer, D.; Klapotke, T. M.; Stierstorfer, J. Potassium 1,1’-Dinitramino-5,5’-
bistetrazolate: a Primary Explosive with Fast Detonation and High Initiation Power.
Angew. Chem. Int. Ed. 2014, 53(31): 8172-8175.

Copyright © 2018 Institute of Industrial Organic Chemistry, Poland



444

C. Zhu, Z. Meng, Z. Xu, W. Liu, Y. Liu, X. Shi, Y. Liu, T. Xie

[15]

Ivanov, Y. F.; Osmonoliev, M. N.; Sedoi, V. S.; Arkhipov, A. V.; Bondarchuk, S. S.;
Vorozhtsov, A. B.; Korotkikh, A. G.; Kuznetsov, V. T. Productions of Ultra-fine
Powders and Their Use in High Energetic Compositions. Propellants Explos.
Pyrotech. 2003, 28(6): 319-333.

Goede, P.; Latypov, N.; Oestmark, H.; Lee Yiew Wang Tetranitroaminoethane Salts
and a Gas-generating Composition Containing the Salts. Patent SE 527811, 2006.
Szala, M.; Szymanczyk, L. Synthesis and Properties of 1,1,2,2-Tetranitroaminoethane.
(in Polish) Biul. Wojsk. Akad. Tech. 2012, 61(2): 257-267.

Szala, M.; Szymanczyk, L. Synthesis and Properties of 1,1,2,2-Tetranitroaminoethane.
42" Int. Annu. Conf. ICT, Karlsruhe, Germany 2011, 41-46.

Born, M.; Hirtel, M. A. C.; Klapotke, T. M.; Mallmann, M.; Stierstorfer, J.
Investigation on the Sodium and Potassium Tetrasalts of 1,1,2,2-Tetranitraminoethane.
Z. Anorg. Allg. Chem. 2016, 642(24): 1412-1418.

Zheng, Z. H.; Wang, J. L.; Li, Y. X.; Wang, Y.-H.; Cao, D.-L. Modified Synthesis and
Thermal Analysis of Tetranitroglycoluril. Chinese Journal of Energetic Materials
2015, 23(5): 438-442.

Propellant Test Method. The National Military Standards of China, 1997;
Vol. GIB772A-97.

Pourmortazavi, S. M.; Rahimi-Nasrabadi, M.; Kohsari, I.; Hajimirsadeghi, S. S.
Non-isothermal Kinetic Studies on Thermal Decomposition of Energetic Materials.
J. Therm. Anal. Calorim. 2012, 110(2): 857-863.

Duan, Y.; Zhang, B.; Dan, C.; Sorescu, J.; Johnson, K. CO, Capture Properties of
M-C-O-H (M = Li, Na, K) Systems: a Combined Density Functional Theory and
Lattice Phonon Dynamics Study. J. Solid State Chem. 2011, 184(2): 304-311.
Blaine, R. L.; Kissinger, H. E. Homer Kissinger and the Kissinger Equation.
Thermochim. Acta 2012, 540(14): 1-6.

Cui, K. J.; Xu, Z. B.; Wang, P.; Meng, Z. Synthesis and Thermal Decomposition
Kinetics of 1,1,2,2-Tetranitroaminoethane (TNAE). Huozhayao Xuebao 2014,
37(1): 17-20.

Received: December 23, 2017
Revised: May 7, 2018
First published online: September 21, 2018

Copyright © 2018 Institute of Industrial Organic Chemistry, Poland



