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Preparation of nanostructured KOH/activated coal catalyst for vinylation of morpholine
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Abstract. In this paper catalytic vinylation of morpholine with the acetylene at atmospheric
pressure with formation of N-vinylmorpholine has been investigated. The influence of nature of
catalysts and solvents on vinylation of morpholine in homogeneous conditions is studied. DMSO
is chosen as optimal solvent and the effect of temperature influence and amount of catalyst for
the vinylation process are investigated. Role of high-basic system KOH/DMSO and its
nucleophilic interaction with acetylene has been shown and kinetics of morpholine vinylation is
investigated. Heterogeneous catalytic vinylation of morpholine with acetylene in presence of
catalysts KOH/AC-L and nanostructural KOH/activated coal has been investigated.
Nanostructured KOH/activated coal catalyst proves more effective in the formation of N-
vinylmorpholine.
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vinylmorpholine

Highlights

¢ Formation of N-vinylmorpholine by catalytic vinylation of morpholine with acetylene
remains acceptable.

¢ Role of high-basic system KOH/DMSO and its nucleophilic interaction with acetylene
are shown.

¢ Nanostructured KOH/activated coal catalyst is more effective in the formation of N-
vinylmorpholine.
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Introduction

Interest in the development of catalytically active porous materials with uniform
dimension of pores, which allow diffusing specially difficulty molecules of reagents in their
inner ranges, has increased lately [1, 2]. Problem of sol-gel synthesis of nanostructural polymer
templated inorganic materials is connected with regulation of composition of reacting
components and conditions of process promoting to formation of structure with given
characteristics, such as functional properties, porosity, specific surface, mechanical and thermal
stability [3, 4].

At present interest to mediums with superhigh basicity and their using in organic
synthesis has increased [5-8]. Phenomenon of super-basicity is consists of totality of two or more
bases where activity of anion is increased owing to transformation cation in volumetrical
complex cation with delocalizational charge [9, 10].

Application of super-basicity mediums alkali-dipolar aprotonical solvents in chemistry of
acetylene has allowed optimizing conditions to obtain some vinyl- and divinil chalcogenides,
their substituted nitrogen containing derivatives, N-vinyl derivatives and so on. Insufficient
investigation even such system, as alkali-dimethylsulfoxide (DMSO) didn’t allow explaining
catalytical activity of alkalis and influence of different factors on vinylation reactions [11-13].
Discussion of literature materials devoted to obtain and using nanostructural catalytic systems
and also to synthesis, properties and using of N-vinyl-compounds have shown the aromatical and
heterocyclic amines including morpholine are insufficiently investigated. Preparation of N-vinyl
compounds on the base of morpholine by using heterogeneous nanostructural systems are actual
problem of modern organic chemistry.

In this work, nanostructured KOH/activated coal catalyst is prepared using ultrasonic
dispersion process. The mechanisms, kinetics and regularities of the preparation of N-vinyl
compounds with the presence of this catalyst are investigated.

1 Experimental part

Preparation of heterogeneous catalysts.

Vinylation of morpholine is carried out using activated coal catalyst impregnated with
KOH. This catalyst is prepared by the following method: 21.43 g KOH is added to 50 ml of
water to get 30% solution. In glass tube with 50 g of activated coal (type AC-L, Angren) is
added solution of KOH prepared in advance and the mixture slowly heated at constant mixing.
Obtained catalyst is dried withing 3 h at 150°C to avoid from impurities. Dimethylsulfoxide
(DMSO) and dimethylformamaide (DMFA) are used as a solvent without any purification.

Method of obtain of nanostructural systems

Method is consisted of: 6 glasses are taken and prepared samples at different ratios of
initial components and they are precipitated. After 10, 20, 30, 40 and 60 min the liquid is poured
out and the fractions of catalyst suspensions are investigated under optical microscope to
determine the dimensions of particles. The obtained samples are dried at desired temperature and
the yield of each fraction is determined. According to the results, density of distribution is
calculated as ratio content of each fraction to difference internal limited dimensions:

p = m/(a-a;)
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where: m - mass of fraction, g; a,- dimension of large particles, [lm; a; .dimension of

small particles, pm.

Ultrasonic treatment of the obtained samples

To decrease of dimensions of activated coal particles before fractionation samples are
undergone to ultrasonic treatment using dispergator USDN-1T. Each fraction of activated coal
samples has been treated by ultrasonic in regime 0.6 A, 38 kG during 3 min with interval 30 sec
in ice cooled water.

Microscopical investigations of the obtained samples

Microscopical investigations are carried out using optical microscope MBI-6 in passing
and polyarizated light. Samples are heated within 603 K and the changes during their thermal
treatment process are fixed. Electron-microscopical (EM) investigations are investigated in
REM-200 in scanning regime after coating with silver in vacuum post VUP-4K.

Centrifugation is carried out within 2500-3000 speed during 3-5 min and particles with
diameter 3-7 um are remained in centrifuge. Suspensions of samples with particles diameter 3-5
pum are undergone ultrasonic treatment. Precipitation of large particles is undergone to
sedimentational fractionation. Obtained samples with nanosized particles are used as catalyst for
morpholine vinylation in vertical reactor of continuous action.

Thin layer chromatography (TLC) of the reaction products is carried out on «Silufol-UV-
25» plates with following systems (in volume ratios):

1. Benzene: ether-methanol — 10:5:2 (system 1).

2. Benzene: ether-ethanol — 10:6:2 (system 2).

In all cases the chromatograms are displayed using crystalline iodine camera.

2 Results and discussion

Vinylation of morpholine in homogeneous conditions

Reaction of morpholine vinylation in super-basic systems such as KOH-DMSO and
KOH-DMFA is carried out in accordance with the following scheme:

KOH-DMSO

o NH+HC=CH—;:c—>( N-CH=CH,

The influence of the solvent nature on vinylation process is carried out (Figure 1).
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Figure 1. Kinetic curves of morpholine vinylation in presence of different solvents
(quantity of KOH-15%; temperature 70°C):
1 - without solvent; 2 - DMFA; 3 - DMSO.

The obtained results show that vinylmorpholine are formed with low yield (about 2%)
without using any solvents. In the presence of DMFA reaction product with yield 8-10% is
obtained with duration of reaction 4 h and temperature 70°C. When DMSO is used as a solvent,
the yield of product is increased to 22%. In all cases yield of obtained product is increased with
increasing of reaction time until 4 h, but there is no practically change in case of absence of
solvent.

In order to investigate the effect of catalyst amount on vinylation process, this reaction is
carried out in the presence of different concentrations of KOH (10-20% from initial morpholine)
in the presence of DMSO. The obtained results are shown in Figure 2.
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Figure 2. Influence of catalyst amount (mass %) on vinylation of morpholine
(temperature - 70—750C): 1-10; 2-15; 3-20.

The obtained results show that amount of catalyst have influence on yield of synthesized
N-vinylmorpholine and the yield of reaction product is also increased by increasing its amount to
10-15%. However with increasing of its quantity has negatively influenced on the formation of
N-vinylmorpholine that is caused by increasing of quantity of forming oligomers and polymer
and correspondenlyte formation of resinous compounds in vinylation reaction. Thus the optimal
quantity of catalyst (KOH) for morpholine ninylation equals 15%.

Also, in this work the influence of the catalyst nature on vinylation process is also
investigated. Hydroxides such as LiOH, NaOH and KOH are used as catalysts in the form of
powder (Table 1).

Table 1. Effect of catalysts nature on N-vinylmorpholine yield (amount of catalyst is

15% from morpholine mass, temperature - 900C).

Catalyst Yield of N-vinylmorpholine, %
LiOH 16,6
NaOH 19,4
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KOH 23,0

Obtained results have indicated that from used catalysts KOH is very active and
correspondenly optimal — by its presence yield of N-vinylmorpholine reaches to 23%.
Kinetics of morpholine vinylation by acetylene at atmospheric pressure in presence of
KOH-DMSO system is investigated. Obtained results are presented in Table 2.
Table 2. Kinetic data vinylation of morpholine with acetylene at atmospheric

pressure
Duration of | Yield of N-vinylmorpholine, | Middle rate of reaction, w
reaction, mol/l % /hour mol/leh
hours
Temperature - 60°C
2 0,2 1,0 0,10
4 0,8 2,0 0,20
6 1,0 1,7 0,17
8 1,4 1,75 0,18
Temperature - 70°C
2 0,5 2,5 0,25
4 1,3 3,2 0,33
6 1,5 2,5 0,25
8 1,6 2,0 0,20
Temperature - 80°C
2 1,0 5,0 0,50
4 2,2 5.5 0,55
6 2,5 4,2 0,42
8 2,5 3,1 0,31
Temperature - 90°C
2 1,2 6,0 0,60
4 2,5 6,2 0,62
6 2,6 4,3 0,43
8 2.4 3,0 0,30

On the base of obtained data graph of dependence of g W on 1/T is constructed (Figure
3); on its base the energy of activation (E, = 55,6 kJ/mole) of morpholine vinylation has been
calculated.
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Figure 3. Dependence of 1gW on 1/T of vinylation reaction of morpholine

Morpholine vinylation in heterogeneous conditions

Heterogeneous vinylation of morpholine in presence of catalyst KOH impregnated on
granulated activated coal in quantity 30% from mass of support in following reactor has been
investigated. It is determined that in these conditions also N-vinylmorpholine is obtained.

Mechanism of vinylation is following: in morpholine between hydrogen atom at nitrogen
and oxygen atom of KOH interaction has carried out with formation of hydrogen bond. And
changing of potassium ions with hydrogen ions has carried out with establishment of equilibrium
at dissociation. Then nucleophilic addition morpholine ion to acetylene with formation of carb-
anion has carried out. Forming carb-anion has reacted with morpholine molecule with formation
of N-vinylmorpholine and its ion which has continued vinylation process.

In order to optimization of conditions of morpholine vinylation the influence of
temperature has been investigated. As known its influence play key factor of product yield of
vinylation in heterogeneous conditions. The obtained results are presented in Table 3. The results
showed that with increasing temperature in the range 100-255 °C, the yield of N-
vinylmorpholine is also increased from 10.0 to 31.7% correspondingly. Further increasing of
temperature caused to sharp decreasing of vinylation product due to side processes(Table 3).

Table 3. Temperature effect on vinylation of morpholine with acetylene at
atmospheric pressure

Ne Temperature, Yield of N- No Temperature, Yield of N-
°c vinylmorpholine, p/p °c vinylmorpholine,
mass. % mass.%
1 65— 70 - 6 210-215 23,2
2 100 — 105 10,6 7 225 —-230 25,0
3 120 - 125 18,4 8 250 — 255 31,7
4 140 — 160 19,8 9 280 — 285 19,0
5 180 — 190 21,5 10 290 — 300 12,0

Obtain of nanostructural matrixes of activated coal
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In order to develop of catalytic systems for reaction of morpholine with acetylene some
nanostructural matrixes of activated coal are obtained. Initial dimensions of particles of activated
coal using as supports of catalyst for synthesis of N-vinylmorpholine by the reaction of
morpholine with acetylene have been determined. Initial demensions of activated coal are in
range 1-3 um (Figure 4).

Figure 4. Microscopic photo of initial activated coal particles

In this study, dispersion analysis is carried out by microscopic method. To decrease of
dimension of activated coal particles before fractionation samples of coal are undergone to
ultrasonic treatment. For this water suspension of activated coal (150 ml of water: 5 g of
activated coal) is obtained which is undergone to ultrasonic treatment in regime 0.6 A, 38 kG in
during 60 min. Through every 3 min process is stopped and glass with suspension is cooled
during 30 sec by ice water. Probes are selected through 10, 20, 30, 40 and 60 min and
dimensions of particles by method microscopy have been determined.

e) f)

Figure 5. Microscopic photos of activated coal particles after ultrasonical dispersion
during (min): a-10; b-20; ¢-30; d-40; e f- 60

Figure 5 shows microscopic photo of samples of activated coal treated in ultrasonic
dispergator with 1 um scale are presented. Analysis of obtained data has shown that dimensions
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of dispergated particles of activated coal equal 700-900 nm. Sedimentation fractionation
processing of activated coal particles during 20, 30, 40 and 60 min has shown that their
dimensions have significantly changed. The results are given in Table 4.

Table 4. Influence of despergation time on dimensions of activated coal particles

Time of despergation, min Dimensions of activated coal particles, nm
- 1-3 mkm
10 700-900 nm
20 500-750 nm
30 300-550 nm
40 200-320 nm
60 100-150 nm

Thus, the results of dispersion analysis using microscopy method have shown that
dispergation of suspension of activated coal in water by Ultrasonical dispergator USDN2T, it is
possible to achieve dimensions of activated coal particles to 100-150 nm during 60 min. Further
increasing of dispergation time would not influence on their particle sizes.

Reaction of acetylene with morpholine in presence of nanostructural catalyst on the
base of activated coal

Heterogeneous catalytical reaction of morpholine with acetylene in presence of catalyst
on the base of nanostructural activated coal with dimentions of particles 100-150 nm has been
investigated. Conditions of reaction process are analogical as shown above system (in the
presence of catalyst activated coal and content of KOH in composition of this catalyst system is
30 mass. %). The obtained results of the investigation are presented in Table 5.

Table S. Effect of temperature on N-vinylmorpholine yield using nanostructured
activated coal/KOH (dimension of particles is 100-150 nm)

Temperature of reaction, °c Yield of N-vinylmorpholine, mass. %
160 52,3
180 57,8
200 59.4
220 64,7
240 68,5
260 65,2
280 60,4

Results of investigation indicated that in the case of temperature interval 160-280 °C, it
has significant influence to the yield of N-vinylmorpholine with maximum yield (68,5%) at 240
°C. Further increase of temperature (more than 240 °C) negatively influenced on its yield.

Thus, heterogeneous catalytical vinylation of morpholine with acetylene in presence of
catalysts on the base of activated coal AC-L/KOH and nanostructural activated coal/KOH has
been investigated. The formation of N-vinylmorpholine in both cases was founded. It was
observed the activity of catalyst on the base of nanostructural activated coal on vinylation
process is higher than catalyst on the base of commercially activated coal, type AC-L.
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3 Conclusion

It has been investigated the reaction of morpholine with acetylene in homogeneous and
heterogeneous conditions. The influence of temperature and amount of catalyst for the vinylation
of morpholine is determined; conditions of its vinylation are optimized; and also kinetics of this
process is investigated and value of the energy of activation is determined.

Facile preparation of heterogeneous nanostructural catalytic system on the base of
activated coal has been elaborated and vinylation of morpholine with acetylene in heterogeneous
conditions is investigated. The yield of N-vinylmorpholine using of nanostructural activated
coal/KOH was achieved to 68,5%.

Acknowledgement: The authors acknowledge for the support from the Ministry of
Innovation Development of the Republic of Uzbekistan (Projects OT-EA-12-05 and OT-F-7-52).

References

1.

10.

Brinker J, Scherer G.W. The Physics and Chemistry of Sol-Gel Processing Academic Press.
Sol-Gel Science. New York (1990).

Sun Y.W., Wang Y.J., Guo W., Wang T., Luo G.S. Triblock copolymer and poly (ethylene
glycol) as templates for monolithic silica material with bimodal pore structure. Microporous and
Mesoporous Materials, 88: 31-37 (2006).

Ruzimuradov O, Nurmanov S, Hojamberdiev M, Prasad R.M., Gurlo A., Broetz J.,
Nakanishi K., Riedel R. Fabrication of nitrogen-doped TiO, monolith with well-defined
macroporous and bicrystalline framework and its photocatalytic performance under visible light.
J. Eur. Ceram. Soc. 34:809-816 (2014).

Ruzimuradov O, Nurmonov S, Kodani Yu, Yamada I, Takahashi R. Morphology and
Dispersion Control of Titania-Silica Monolith with Macro-Meso Pore System. J Sol-Gel Sci.
Tech. 64: 684-693 (2012).

Trofimov B.A., Gusarova N.K. Elemental phosphorus in strongly basic media as
phosphorylating reagent: a dawn of halogen-free ‘green’ organophosphorus chemistry.
Mendeleev Commun. 19: 295-302 (2009).

Wang H, Zeng Y, Ma J.S., Fu H., Yao J., Mikhaleva A.IL., Trofimov B.A. Facile synthesis of
size-tunable micro-octahedra via metal-organic coordination. Chem. Commun. 5457-5459
(2009).

Trofimov B.A, Markova M.V., Tatarinova 1.V., Mikhaleva A.l., Morozova L.V., Petrova
0.V, Sobenina L.N., Petrushenko K.B., Vakulskaya T.I., Khutsishvili S.S., Prozorova G.F. I,-
doped and pyrrole ring-iodinated semi-conducting oligomers of N-vinyl-3-alkyl-2-
phenylpyrroles. Synthetic Metals 160: 2573-2580 (2010).

Trofimov B.A., Markova M.V., Morozova L.V., Mikhaleva A.l.,, Sobenina L.N., Petrova
0.V, Vakulskaya T.I., Myachina G.F., Petrushenko K.B. Cationic and radical polymerization of
N-vinyl-2-phenylpyrrole: Synthesis of electroconducting, paramagnetic and fluorescent
oligomers. Synthetic Metals 160: 1539-1543 (2010).

Trofimov B.A., Shemyakina O.A., Malkina A.G., Ushakov [.A., Kazheva O.N., Alexandrov
G.G., Dyachenko O.A. A Domino Reaction of a,B-Acetylenic y-Hydroxy Nitriles with
Arenecarboxylic Acids: An Unexpected Facile Shortcut to 4-Cyano-3(2H)-furanones. Org. Lett.
12: 3200-3203 (2010).

Ivanov A.V., Ushakov L. A., Petrushenko K.B., Mikhaleva A.l., Trofimov B.A. Chemo-,

1778



11.

12.

13.

14.

15.

16.

17.

18.

European Journal of Molecular & Clinical Medicine
ISSN 2515-8260 Volume 08, Issue 02, 2021

regio- and stereospecific synthesis of novel unnatural fluorescent amino acids via condensation
of L-lysine and 1-vinylpyrrole-2-carbaldehydes. Eur. J. Org. Chem. 24: 4554-4558 (2010).

Trofimov B.A., Schmidt E.Yu., Skitaltseva E.V., Zorina N.V., Protsuk N.I., Ushakov L. A.,
Mikhaleva A.L, Dyachenko O.A., Kazheva O.N., Aleksandrov G.G. Unexpected
diastereoselective one-pot assembly of hexahydroazulenones from 2-alkylcyclohexanones and
arylacetylenes in KOH/DMSO suspension. Tetrahedron Lett. 52: 4285-4287 (2011).

Shurygina [.A., Sukhov B.G., Fadeeva T.V., Umanets V.A., Shurygin M.G., Ganenko T.V.,
Kostyro Ya.A., Grigoriev E.G., Trofimov B.A. Bactericidal action of Ag(0)- antithrombotic
sulfated arabinogalactan nanocomposite: coevolution of initial nanocomposite and living
microbial cell to a novel non-living nanocomposite. Nanomedicine: Nanotechnology, Biology
and Medicine 7: 827-833 (2011).

Sobenina L.N., Vasilsov A.M., Petrova O.V., Petrushenko K.B., Ushakov L.A., Clavier G.,
Meallet-Renault R., Mikhaleva A.l.,, Trofimov B.A. A General Route to Symmetric and
Asymmetric meso-CF3-3(5)-Aryl(Hetaryl)- and 3,5-Diaryl (Dihetaryl)-BODIPY Dyes. Org.
Lett. 13: 2524-2527 (2011).

Tatarinova 1.V., Markova M.V., Mikhaleva A.l., Morozova L.V., Petrova O.V., Sobenina
L.N., Vakulskaya T.I., Khutsishvilia S.S., Prozorova G.F., Petrushenko K.B., Yakimanskyb
A.V., Mac J.Sh., Yang G., Trofimov B.A. Cationic and free radical polymerization of N-vinyl-
2,3-diphenylpyrrole. Synthetic Metals 162: 662-669 (2012).

Dvorko M.Y., Schmidt E.Yu., Glotova T.E., Shabalin D.A., Usakov [.A., Kobychev V.B.,
Petrushenko K.B., Mikhaleva A.IL, Trofimov B.A. Expedient One-Step Synthesis of Nitrogen
Stilbene Analogues by Transition Metal-Free Hydroamination of Arylacetylenes with Pyrroles.
Tetrahedron 68: 1963-1971 (2012).

Trofimov B.A., Artemev A.V., Malysheva S.F., Gusarova N.K., Belogorlova N.A.,
Korocheva A.O., Gatilov Yu.V., Mamatyuk V.I. Expedient one-pot organometallics-free
synthesis of tris (2-pyridyl) phosphine from 2-bromopyridine and elemental phosphorus.
Tetrahedron Lett 53: 2424-2427 (2012).

Tatarinova 1.V., Tarasova O.A., Markova M.V., Morozova L.V., Mikhaleva A.l., Trofimov
B.A. Oligomerization of phenylferrocenylacetylene under the action of WCI6. J Organometallic
Chem. 127: 706-707 (2012).

Trofimov B.A., Schmidt E.Yu., Zorina N.V., Ivanova E.V., Ushakov I.A. Transition-Metal-
Free Superbase-Promoted Stereoselective a-Vinylation of Ketones with Arylacetylenes: A
General Strategy for Synthesis of B,y-Unsaturated Ketones. J Org Chem. 77, 6880-6886. (2012).

1779



