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Abstract. The work is devoted to the study of an additional method for the synthesis of monoethylnaphthols by the reac-
tion of transethylation of 1-naphthol with ethyl- and diethylnaphthalene, which are by-products of alkylation of 1-naphthol
with ethanol and has a small area of application.In the catalytic process carried out in the presence of modified H-mordenite
based on 1-naphthol and ethanol, along with the target products (1-ethoxynaphthalene, monoethyl-1-naphthols), up to
10.0% ethyl homologues of naphthalene are obtained. In this regard, the interaction of 1-naphthol with diethylnaphthalenes
in the presence of Pd-HSVM and composite mordenite was studied, the effect of pressure on the process, which was identi-
fied as an important factor, was studied. In the presence of 1.0 wt % palladium pentasil (x=40), a positive effect of a pres-
sure of 0.5 MPa on the results was noted, the selectivity for monoethyl-1-naphthols was 85.0%, and in the presence of H-
mordenite containing zirconium, chromium and sulfur, this indicator was 94.3% under the same conditions. An increase in
pressure adversely affects the course of the reaction and increases the rate of other transformations in the process, such as
isomerization and disproportionation.
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1. Introduction

Among the studied methods for the preparation of ethyl
derivatives of naphthols, the interaction with mono- and
diethylnaphthalenes containing reactive ethyl groups cannot
be considered traditional [1]. It is this method of synthesis
that was set by us as a goal and studied. It should be consid-
ered that ethylnaphthalene obtained as a by-product of the
alkylation of naphthols with ethanol can increase the effi-
ciency of the process by converting into target products in
the presence of naphthols.

The study of the composition of the catalyzates obtained
by the interaction of 1-naphthol with ethanol in the presence
of the Zr,H-mordenite catalyst [1-3] and the analysis of the
reaction parameters prove that the process is complex and
occurs with a large number of transformations (Table 1). In
the alkylation reaction of 1-naphthol with ethanol, the O-
alkylation product is 1-ethoxynaphthalene, and the C-
monoalkylation products are 2-ethyl- and 4-ethyl-1-
naphthols, as well as 2,4- and 2,3-diethylnaphthols. Alkylates
include ethyl and methyl homologues of naphthalene, formed
as a result of complex transformations such as dehydroxyla-
tion — alkylation, when the alkylation reaction of 1-naphthol
with ethanol occurs under harsh conditions. The fact that the
main products of the reaction are ethylnaphthols at low tem-
peratures (300-340°C) and alkyl (Ci-Cz) homologues of
naphthalene at high temperatures (360-420°C), as well as the
presence of 1-ethoxynaphthalene [4] and oxo compounds of
various structures in the catalyzates confirms what we have
said. For this reason, identifying the main and secondary
transformations occurring in the process, as well as detecting
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sequential and parallel reactions, seem to be one of the im-
portant tasks.

In general, the use of methyl- and polymethylbenzenes as
transalkylants and phenol as substrates has been previously
studied [5-8], and the results obtained have attracted little
practical attention.In experiments carried out in this
direction, toluene, xylenes, trimethylbenzenes, even
hexamethylbenzene were used as transalkylators, and it was
found that the conversion occurs with the production of
isomers of cresol [9] and methylbenzenes with one less
number of methyl groups in the phenol-polymethylbenzene
system.

These studies mainly emphasized the use of zeolite
catalysts and the activity of benzene homologues with a large
number of methyl groups in transalkylation. These reactions
accelerated with increasing temperature, and it was found to
be partially limited in a vacuum. The raw material base of
polymethylbenzenes can be fractions of primary oil refining,
catalytic cracking and platforming distillates. It is also
important to note that, since the applications of toluene and
other methyl homologues are small, it seems more attractive
to obtain a mixture of benzene and valuable cresol by their
transmethylation.

However, there are features that characterize the study of
such transformations in the naphthol-ethylnaphthalenes
system. First of all, when analyzing the composition of
alkylates obtained in the presence of mordenites [10-12], it
becomes clear that a certain amount of ethyl- and
diethylnaphthalenes is formed in the process, and their
involvement in the realkylation process can be considered
efficient from an economic and technological point of view.
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Table 1. Comparative results of reactions of interaction of 1-
ethoxynaphthalene and 1-naphthol with ethanol in the presence
of Zr, H-mordenite. Reaction conditions: v=1.0 stl, v=I:5
mol/mol

Name of the methylating reagent

2 2 2

< < <

£ 3 £ B £ B

Indicator name §- é f% é f% é

c g < g < &

L £ 2 £ 2 5

[«5) [«5) [«5)

A . .
Temperature, °C 300 300 340 340 380 380
Obtained, wt%, incl.
1-ethoxynaphthalene 69.0 73 470 10 255 -
1-naphthol 40 706 28 537 20 297
2-ethyl-1-naphthol 59 185 70 378 6.8 50.8
4-ethyl-1-naphthol 10 07 15 23 20 45
Dimethylnaphthols - - - - 05 24
1-ox0-2,2-diethyl-1,2-
dihydronaphthalene 30119 |28 10 16
Naphthalene 15 - 1.6 - 40 24
1,2-diethylnaphthalene 95 10 200 23 250 71
Other alkyl (C,-C) 27 141 12 292 19
naphthalenes
Unidentified substances 3.4 - 32 07 34 12
Total 100 | 100 100 | 100 @ 100 @100
Conversion of 1-naphthol, % - 247 - 403 - 675
Conversion of 1- 27.4 46.7 799

ethoxynaphthalene, %

As a result of the conducted studies [13-14], it was found
that the yield of mono- and diethylnaphthalene calculated
according to converted 1-naphthol was 9.5% in Ni,H-
mordenite, 6.5% in Zr,H-mordenite, and 6.5% in Zr, H-
mordenite 10.0%. % in Pd,H mordenite, and in CM it is
much less - 1.5%.

2. Materials and methods

The alkylationreaction of 1-naphthol with ethanol was
studied in an extraction type reactor with a fixed layered
catalyst; the analysis of the obtained products was carried out
by chromatographic and spectral methods. Chromatec
Crystal-5000 device was used as a gas chromatograph.The
analysis of naphthol and its alkyl homologues and
ethylnaphthalenes was carried out in a combined calon
(3.6m x 0.4mm), the first 1/3 of the calon was filled with
Apiezon M on Celite 545, and the remaining part was filled
with Carbowax 20M on Chromosorb W. The analysis was
carried out according to a predetermined program in the
temperature range of 150-250°C in the mode of increasing
the temperature by 8°C per minute. Helium was taken as a
carrier gas and its consumption was 60 ml/min.PMR spectra
were recorded on a Bruker Fourier (300 MHs) spectrometer.
CCl, was used as the solvent, and hexamethylenedisiloxane
as the internal standard.

The interaction of 1-naphthol with 1,2-diethylnaphthalene
was studied in the presence of two types of catalysts:
palladium-containing pentasil and composite mordenite. The
content of palladium in pentasil was 1.0 wt%, and the
composition of mordenite (x=24) includes zirconium,
chromium and sulfur. As a result of preliminary experiments,
the conditions for this reaction were taken as follows: T —
400°C, v 1.5 hr?, molar ratio of naphthol to 1,2-
diethylnaphthalene (v) = 1:2.
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Benzene was used as a diluent, and the ratio of its
components as raw materials to the mole ratio was changed
between 1+2. Taking into account that the transformation
occurring in the naphthol-1,2-diethylnaphthalene system
under the indicated conditions is unimportant at atmospheric
pressure, the effect of pressure on the catalytic process was
studied and its value varied within 0.1-1.0 MPa.

3. Results and discussion

The results of the interaction of 1-naphthol with 1,2-
diethylnaphthalene are given in table.

Table 2. Results of the interaction of 1-naphthol with 1,2-
diethylnaphthalene. Reaction conditions: T — 400°C, v = 1.5 hr?,
v =1:2 mole/mole

Indicator name Composition of the catalyst

Pd-HSVM CM
Pressure, MPa 0.1 0.5 1.0 0.1 0.5 1.0
Yield of
monoethylnaphthols 805 850 77.0 900 943 830
calculated according to
converted 1-naphthol, %
Yield of monoethyl-1-
naphthol calculated 755 740 700 780 8L0 710
according to converted
1,2-diethylnaphthalene, %
1-Naphthol conversion,% 155  19.0 225 115 130 165
1.2-Diethylnaphthalene
conversion, % 180 215 27.0 140 155 200
In the catalyzates obtained by the interaction of 1-

naphthol with 1,2-diethylnaphthalene, a mixture of 2-ethyl-1-
naphthol and ethylnaphthalene is found as the main product.
The molar ratio of 1- and 2-ethylnaphthalenes in this mixture
is 0.6:0.4, respectively.The catalyzates also contain 4-ethyl-
1-naphthol, naphthalene, 2,4-diethyl-1-naphthol, and com-
plex condensation products.In the catalytic process, the main

transformation occurs according to the following scheme.
ol —(y o §Y
I &
TD-‘_ACH;CH- OH

Figure 1. The main transformation schemes

?H;—CH:
CHa-CH3

As can be seen from the table, the transethylation of 1-
naphthol with diethylnaphthalene occurs more selectively in
the presence of CM catalyst compared to Pd-HSVM zeolite,
and the yield of the mixture of 2-ethyl-1-naphthol and 4-
ethyl-1-naphthol calculated according to the converted 1-
naphthol is 83.0-94.3%. The overall selectivity for
monoethyl derivatives of 1-naphthol in the Pd-HSVM
catalyst is 77.0-85.0%.In both cases, increasing the pressure
in the system to 0.5 MPa increases the selectivity, this
increase is 4.5% in the presence of pentasil and 4.3% in the
presence of CM.

An increase in pressure to 1.0 MPa leads to a decrease in
selectivity for naphthol monoethyl homologues by 8.0-77.0%
in the presence of Pd-HSVM and by 11.3-83.0% in the
presence of CM.Similar changes are found when analyzing
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the total yield of monoethyl-1-naphthols calculated according
to the converted 1,2-diethylbenzene. This decrease is from
75.5 to 70.0% in the presence of Pd-HSVM and from 78.0 to
71.0% in the presence of CM. Increasing the pressure in the
process from 0.1 to 1.0MPa also increases the conversion of
the initial components. On the Pd-HSVM catalyst, this
increase was 7.0% in 1-naphthol from 15.5 to 21.5% and in
1,2-diethylnaphthalene from 18.0 to 27.0%.

Although increasing the pressure to 1.0 MPa increases
the conversion of both starting components, it causes a
significant decrease in the selectivity for the target product
and a partial increase in the number of side transformations,
such as isomerization and disproportionation. The reaction
products contain 3-ethyl-1-naphthol, 1-naphthol methyl
derivatives, and alkylnaphthalenes of a more complex
composition, although in small amounts.

The main reaction products at low temperatures (300°C)
are 1-ethoxynaphthalene and 2-ethyl-1-naphthol, and in the
temperature range of 340-380°C, 1-naphthol-orthoethyl
derivative. With increasing temperature (>380°C), the
formation of alkyl derivatives of naphthalene in the catalyzates
accelerates. The yield of 2-ethyl-1-naphthol in terms of con-
verted naphthol at a temperature of 340°C and a value of 1.0
st volume of this raw material is 87.6%, and at a temperature
of 400°C 71.0%. This increase in temperature increases the
selectivity of the reaction by 12.0 for alkylnaphthalenes to
13.5%. In general, as a practical result of the research, it was
found that ethyl and especially diethylnaphthalene, formed at
high temperatures (>340°C) during the alkylation reaction of
1-naphthol with ethanol, have the transethylation property. In
the presence of Pd-HSVM and CM catalysts under specified
conditions (T—400°C, P-0.5 MPa, volumetric flow rate of the
given raw material —1.5 hr, molar ratio of 1-naphthol to 1,2-
diethylnaphthalene 1+2) depending on the catalyst, it is
possible to synthesize monoethyl-1-naphthols from 1-naphthol
and 1,2-diethylnaphthalene with a selectivity of 85.0-94.3%
and a yield of 12.3-16.1% upon repeated operation.

In the presence of mordenites modified with palladium,
zirconium and nickel, similar regularities are observed
regarding the yield of monoethylnaphthols formed on the
basis of 1-naphthol and ethanol. Thus, when the
concentration of zirconium in mordenite is increased to 0.5
wt%, the yield of monoethylnaphthols calculated based on
the initial 1-naphthol decreases from 33.5% to 31.5%
compared to H-mordenite. When palladium- and nickel-
modified mordenites are taken, the yield increases to 34.0
and 37.4%, respectively.Increasing the concentration of the
modifier to 1.0 wt% increases the yield to 34.9% in the case
of palladium zeolite. This indicator is 39.5% in Ni, H-
mordenite, and 37.5% in zirconium zeolite. The subsequent
increase in the concentration of palladium in the catalyst
(1.5-2.0 wt%) decreases the yield of monoethylnaphthols
first to 34.0% and then to 32.5%.In the other two catalysts,
the subsequent increase in the concentration of the modifier
affects the yield of the target product in its own way. Thus,
the yield of monoethylnaphthols in 1.5 wt% Ni, H-mordenite
practically does not change, but increasing the concentration
of the modifier in the catalyst to 2.0 wt% causes a partial
(2.0%) decrease in the yield. As a result of increasing the
density of the modifier in zirconium H-mordenite to 1.5
wt%, the yield of monoethylnaphthols increases significantly
and is 41.1%.
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Based on the conducted research, it was found that
compared to H-mordenite, zeolites with a concentration of
1.5 wt% from samples modified with nickel and zirconium,
and 1.0 wt% Pd in palladium-modified mordenites, H-
mordenite was chosen as a more active and selective
catalytic system. In the alkylation process in the presence of
modified mordenite catalysts, the conversion of 1-naphthol
decreases in the following order.

Ni, H-mordenite > Zr, H-mordenite > Pd, H-mordenite.
As a final result, 1.5 wt% Zr, H-mordenite was selected as a
more active and selective catalyst in the alkylation reaction
of 1-naphthol with ethanol, and it was determined that it can
be of practical importance in obtaining of monoethyl-1-
naphthols, especially 2-ethyl-1-naphthol.

Ethyl ether of naphthol obtained by the Williamson meth-
od from the interaction of the sodium salt of naphthol with
diethyl sulfate, ethyl bromide or ethanol is widely used in
perfumes and cosmetics. Chinese scientists report the positive
effect and future of the compound formed by ethylnaphthols
on the Chitosan electrode modified with nanosilver acetylene
in the development of new types of biosensors.

For the first time, the catalytic properties of mordenite
and its modified samples, including H-mordenites containing
nickel, palladium, and zirconium, were studied in the
alkylation reaction of 1-naphthols with ethanol. As a result of
the analysis of the indicators of the investigated catalysts, a
more active and selective catalytic system was selected in the
synthesis of monoethylnaphthols. The influence of the
density of modifiers in mordenite on the process indicators
was studied and the high value of the conversion of suitable
monoethylnaphthols in the alkylation reaction of naphthol
with ethanol and calculated based on the initial naphthol was
obtained in the presence of 1.5 wt% Zr, H-mordenite.

Taking into account the further development of
biologically active compounds and chiral ligands and the
synthetic acquisition of new classes of compounds, scientists
have carried out an effective synthesis of naphthol and its
derivatives. As a future perspective, the use of naphthol
derivatives from this class in the treatment of a number of
diseases (oncological, convulsive), their application as
antibacterials, and their use as starting components in the
synthesis of some green catalysts is emphasized.

4. Conclusions

Ci-C, alkyl derivatives of naphthols are used in the
production of additives, dyes, K vitamins used in veterinary
medicine. The methods of obtaining these products based on
the oxidation, sulfonation, oxidative decarboxylation
processes of naphthalene and alkylnaphthalenes, as well as
the dehydrogenation reaction of tetralones, are not widespread
due to a number of defects (multi-stage, presence of external
production, increased capital costs). One of the promising
methods for obtaining alkylnaphthols is based on our method.

Thus, as a result of the conducted research, it was found
that zirconium H-mordenite has stable operational properties
in the alkylation reaction of 1-naphthol with ethanol for up to
300 hours, and it is necessary to carry out the process in a
nitrogen environment. Under the specified conditions, the
complete recovery of its activity through the oxidative
regeneration of this zeolite and the high value of yields in the
alkylation process were achieved in the presence of 1.5 wt%
Zr, H-mordenite.
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Anparna. XXymbic 1-HadTONIBI 3TAHOJIIMEH ANKWIJIEYAiH KaHaMma oHiMepi OOJIbI TaObLIATHIH JKoHE KOJIAaHy asichl a3 | -
Ha(TOJIBI 3TUI JKoHE AUATUITHA(TATMHMEH TPAHCOTHIJIEHY PEAKLHSIChI apKbIIIbI MOHOATHIHA(DTONIBI CHHTE3 ey 1iH KOChIMIIIA
OmiciH 3epTTeyre apHaiFaH. |-Ha(TON >KOHE OTAaHON HETI3iHAeri MoaupUKaIsUIaHFaH H-MOpPICHUTTIH KaThICYBIMEH
JKYPri3UIETIH KaTaIUTHKAJIBIK MPOIeCcTe MakcaTThl eHiMaepMeH Oipre (1-srokcnHadTanus, MoHO3THI-1-HadTommap) 10.0% -
Fa JIefiiH HaTaJMHHIH 3THI TOMOJOrTaphl ansHanbl.Ockiran OaitmaHeicTl PD-HSVM jkoHE KOMITO3WIMSITBIK MOPICHHUTTIH
KaThICYbIMEH 1-HadTONIBIH AUATHIHADTAIUHAECPMEH ©3apa OpeKeTTeCyi 3epTTelili, MaHbI3/bl (HAKTOp peTiHIe OKIIayIaHFaH
MpoIecKe KBICBIMHBIH dcepi 3epTrenmi. 1.0 MacCaHBIH KaThICYBIMEH MaJUTaIuid MeHTacwIiHiH % (X=40) ambIHFaH HOTIDKEIEpre
0.5 MIIa KpICBIMHBIH OH ocepi OaiKammbl, MOHOATHI-1-HadTommap OoMbIHIIA CeneKTHBTUTIK 85.0% Kypalmsl, aln KypambIHIa
LUPKOHUH, XpOM KoHE KYKipT 6ap H-MOpAEHUTTIH KaThICybIMEH OYJI KOPCETKIlI JaJI OChIHAal skarnaiinapna 94.3% kypansl.
KpICBIMHBIH JKOFapbUIaybl peakius 0apbIChIHA TEPIC 9Cep €Telli )KOHE M30MEPH3alHs JKIHE AUCIIPOIOPLIUSI CUSKTHI POLIECTeri
0acka TypJIeHYJIEP/IiH KbUIAAM/IBIFEIH apTTHIPAJIBI.

Heezizzi co3oep: 1-nagpmon, 1,2-ousmuinagpmanun, mpancomuioeny, yeoaum, MOHOIMUIHADMON, wblay, CeleKmueminix,
KOHBEpCUsL.

HccienoBanue npoueccoB, NPOMCXOAAIIUX MeKAY dITWIHAPTAINHAMU
u 1-nadronom
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Cymeaumckuii 2ocyoapcmeennblii ynugepcumem, Cymeaum, Azepbaiiodcan
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AHHoTanusl. PaboTa moCBsAIEeHa W3YYEHHIO OTOJHUTEIHHOTO METO/Aa CHHTE3a MOHOSTIIIHAPTOIOB IYyTEM PEaKIHH
TPAHCITWIMPOBaHUS 1-HadToNa STHI- W AMATIIIHAPTATUHOM, KOTOPBIE SBIAIOTCA MOOOYHBIMH MPOAYKTAMH aTKWIHPOBAHUS
1-nadroma 3TaHOIOM M MMeeT HEOOMBIIYIO 00IACTh MPUMEHEHHS. B KaTanuTHaeckoM mporiecce, IPOBOAMMOM B IIPUCYTCTBUU
MomudunupoBaHHoro H-mopmenuTa Ha ocHOBe |-HadTOMa W dTaHONA HApsAAy C IENeBBIMH mpoxykramu (1-
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STOKCHHA(PTAIMHOM, MOHOATWI-1-HadTomamn) mosrygarot 10 10.0% sTHmoBEIe roMosiory HadTannHa. B cBsI3M ¢ 3THM U3ydeHO
B3anMoJieiicTBre 1-Hadronma ¢ mmdTHIHadTaTMHAME B TpHCyTcTBUH Pd-HSVM M KOMIO3HITMOHHOTO MOpPIEHHTA, H3YYEHO
BIIMSTHHE JIABJICHUS Ha MPOLecc, KOTopoe ObLIO BBIIENICHO Kak BakHbIN (akrop. B npucyrcreun 1.0 macc.% nenTacuiia namia-
s (x=40) orMedeHO mnojoxuTenabHoe BiusiHue nasieHus 0.5 MIla Ha moiydeHHbIE pe3ylbTaThl, CEIEKTUBHOCTH 110 MOHO-
stii-1-Hadronam cocraBuna 85.0 %, a B npucyrcTBun H-MopneHnTa, coepKaliero NMpKOHUS, XpOM H Cepy, 9TOT MoKa3a-
Tenb coctaBui 94.3% mpu Tex ke ycioBusix. [1oBbIIeHNE MaBIeHUS] OTPULIATENBHO BIMSET HA XOJI PEaKIUU U YBEJIHYUBACT
CKOPOCTB JIPYTHX TPEBpaIeHUI B IpoLiecce, TAKMX KaK N30MEpU3anys U AUCIIPONOPLIUOHIPOBAHHE.

Knrouesvie cnosa: 1-nagpmon, 1,2-ousmunnagpmanun, mpancomuiuposanue, yeoaum, MOHOIMUIHAGMOI, 8blX00, CeleK-
MUBHOCHIb, KOHBEPCUSL.
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