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Abstract: The paper deals with the results of research into phenol cycloalkenylation with 3-
vinylcyclohexene in the presence of modified zeolite-containing catalyst Zeokar-2M on the laboratory
batch unit and aminomethylation of the obtained p-(cyclohexene-3-yl-ethyl) phenol with formaldehyde
and aniline. The temperature effects, reaction time, molar ratio of phenol to vinylcyclohexene (VCH) and
amount of the catalyst on the yield and selectivity of phenol cycloalkenylation with VCH were studied to
define optimal conditions that ensure the maximum yield of the target product. The obtained products
were tested as antioxidants for diesel fuel and showed satisfactory results, which indicates the

effectiveness of their use.
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Introduction

Among a large number of petrochemical
products, alkylphenols are widely used as
initial reagents in the synthesis of fuel
additives and stabilizers, inhibitors of free-
radical oxidation of organic and bioorganic
substrates, herbicides, fragrances, etc. [1-6].

The use of antioxidants is economically
advantageous, so their  production in
technologically advanced countries is ahead of
other chemical production [7-11].

The purpose of the work is to study
cycloalkenylation process of phenol 3-
vinylcyclohexene (VCH) using a modified
zeolite-containing catalyst Zeokar-2M in a
batch plant; subsequent interaction of the
obtained p-(cyclohexen-3-yl-ethyl)-phenol
with formaldehyde and anilines; synthesis of
2-hydroxy-5(cyclohexen-3-yl-ethyl)
benzylphenylamines (BPhA) and testing them
as antioxidants for diesel fuel.

Experimental Part

2-Hydroxy-5(cyclohexene-3-yl-ethyl)-
benzylphenylamines was obtained in two
stages on a batch unit:

The | stage — phenol cycloalkenylation
reaction with 3-vinylcyclohexene.

Phenol and 3-vinylcyclohexene were
used as feedstock and modified zeolite-
containing Zeokar-2M (TU 38-101483-77) as
a catalyst for the reaction. Phenol was used in
a chemically pure, freshly distilled form.

VCH was obtained by cyclodimerization
of divinyl [12] followed by allocation of a
close-cut fraction through precision fractional
distillation on a column. Note that 3-
vinylcyclohexene with a purity of 98.8 -
99.0% was taken for the cycloalkenylation

reaction with boiling point of 130 °C, n2’=
1.4648, p2® = 0.8308, and a molar mass of

108.
Phenol cycloalkenylation with VCH was
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carried out in a three-neck flask. The resulting
alkylate was exposed to rectification at the end
of the reaction. In the course of rectification, at
first, non-reacting VCH and phenol (to 200° C)
were distilled off under atmospheric pressure
followed by allocation of the target product

under low pressure (1333 Pa) and
determination of its purity and physical-
chemical properties. The structure and

composition of the products were determined
through the use of spectral methods and
chromatographic analysis.

The 11 stage - aminomethylation
reaction of p-(cyclohexene-3-yl-ethyl)-phenol
with formalin and aniline (2,6-
diisopropylaniline).

Note that p-(cyclohexen-3-yl-ethyl)-
phenol, formalin, aniline and 2,6
diisopropylaniline were used as feedstock.
Also, aniline and 2,6-diisopropylaniline were
used in a chemically pure form with the
following properties: aniline — Tp= 184 °C,
n2=1.5863, pi°=1.0217, molecular mass =
93; 2,6-diisopropylaniline — T, =254-257 °C,

0

n2=1.5330, p2=0.9400, molecular mass
=177. Besides, 2-Hydroxy-5-alkylbenzylphe

nylamine was obtained by interaction of para-
alkylphenol with formaldehyde and aniline (or
2,6-diisopropylaniline) in the ratio of 1:2:2.

Also, p-Alkylphenol, aniline (or 2,6-
diisopropylaniline) and benzene were put into
a three-necked flask equipped with a
mechanical stirrer and a thermometer. While
stirring, formaldehyde solution of 30% was
drop wisely added to the reaction mixture at a
temperature of 30 °C and then it was kept for 1
h. It was followed by gradual rise in a
temperature up to 80 °C and keeping it for
another 2 h by permanent stirring and washing
with  water to remove non-reacting
formaldehyde.

Amino compounds were purified from
alkylphenol through their transfer into
hydrochloric acid salt. Further, aqueous
solution of amine hydrochloric acid salt was
treated by a concentrated solution of NH,OH
while free amine compounds were allocated.
The resulting amine was separated from water
by extraction with benzene, and then exposed
to rectification under vacuum.

After isolating the target product, its
physical-chemical properties were determined
and structural formula confirmed.

Results and its Dscussions

The | stage — Phenol interaction with
VCH in the presence of a catalyst results in

formation of p-substituted phenol is as

follows:

H,C THs
~-0+O—-0+0O

To find out optimal conditions, ensure
maximum Yyield and identify composition of
the reaction product of p-(cyclohexenethyl)
phenol, there were studied effects of the
temperature, the time and the molar ratio of
phenol to VCH, as well as the catalyst amount.

The reaction temperature varied in the
range of 90-130°C, the reaction time — 1-5h,
the molar ratio of phenol to VCH - from 1:2 to
2:1 mol/mol, and finally the catalyst amount —
5-25%.

The results of phenol cycloalkenylation
reaction with 3-vinylcyclohexene in the

presence of Zeokar-2M catalyst are presented
in Fig. 1.

As is evident from Fig.1, the highest
yield of the target product — 81.3% is achieved
on the phenol from theory, but selectivity —
93.7% (for the target product) at temperature
of 110 °C. The vyield of p-(cyclohexenyl)
phenol decreases to 74.3%, and the selectivity
to 85.5% through raising the reaction
temperature up to 130 °C. The maximum yield
of the target product is observed in 4 h lasting
reaction.
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Fig.1. Dependence of the yield (1) and selectivity (2) of p-(cyclohexene-3-yl-ethyl)phenol on
temperature, time, molar ratio of the initial components and the catalyst amount.

As is seen from Fig. 1 (c), to increase the
VCH conversion it is necessary to rely on the
ratio of 1:1 mol/mol for phenol:VCH. The
yield of the target product rises by nearly 2-3%
in the mixture of initial components through
increasing the VCH concentration; however, in
this case the selectivity of the process reduces.
This is explained as being due to the increase
of the concentration of other isomers in
alkylate. The data obtained through the study
into the catalyst amount is of great interest. As
is seen from the Fig., the yield of the target
product amounts to 81.3%; however, the

selectivity is 93.7% according to the target
product in 10% of the catalyst amount.

Thus, optimal conditions for carrying out
phenol cycloalkenylation reaction with VCH
in the presence of modified catalyst Zeokar-
2M are as follows: temperature of 110°C,
reaction time 4 h, molar ratio of phenol to 3-
vinylcyclohexene 1:1 mol/mol, catalyst
amount — 10% in the phenol used. In these
conditions the vyield of p-(cyclohexene-3-yl-
ethyl) phenol amounts to 81.3% in the phenol
used as per the theory; however, the selectivity
IS 93.7% on the target product.

Table 1. Physical-chemical properties of p(cyclohexen-3-yl-ethyl)phenol

Mol. mass Elemental
Structural Boiling composition,%
formula point at 5 n Py calc. found | calc. found
mm Hg, °C
C H |C H
I
HO—@—CN—Q 147-148 1.5445 | 1.0040 | 202 202 83.2 |89 (839 |94
characteristic for protons of CH,-, CH-

All of the allocated reaction products
are specified; physical-chemical properties
determined and structural formula confirmed.

It should be added that identification of
synthesized p-(cyclohexenylethyl) phenol was
carried by "H NMR and IR-spectroscopies. In
'H NMR spectrum of p-(cyclohexen-3-yl-
ethyl) phenol has a singlet CH; -group of 1.20
ppm region, a multiplet with a large peak (6 =
1.77 ppm), a singlet of 1.5 ppm which are

hydrocarbon ring, a singlet in the region of the
OH-group 5-6 ppm, shifting into a strong field
by dilution and a multiplet of 1,4-substituted-
benzene ring corresponding approximately to
the spectrum of AB type with an average
chemical shift of 6.87 ppm and constant of v =
8.5+ 0.5 Hz.

It is important to note that IR absorption
spectrum of p-(cyclohexenylethyl) phenol
contains bands within the range of 1505, 1592-
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1610 cm™ (benzene ring), 3010, 3030 cm™
(stretching vibrations = CH,), and OH group is
determined by a band at 1240 cm™ and in the
region of 3100-3500 cm™. Cyclohexene ring
was confirmed by the C—H valence bands at
The 1l stage — Aminomethylation
process was carried out on a lab batch unit in

R

OH
+ CHO+ NHZ—Q
R
GCHs

H

@

73.4 g of 2-mono-substituted BPhA-1
was obtained containing 96.0% of the target
product yield on p-alkylphenol taken from the
theory.

Also, 'H NMR spectrum of 2-hydroxy-
5-(cyclohexen-3-yl-ethyl) benzylphenylamine
contains protons of aromatic core (in the
interval & = 6.6-7.6 ppm), and a proton of
hydroxyl (in regions & = 6.4 ppm).

2920 and 2845 cm™, as well as by bands at
1108, 1345 cm™, characterizing dcnz in the
cycle. The methyl group is characterized by
9eformational vibrations at 1370 and 1460 cm”

liquid phase under atmospheric pressure.

OH R
Hy
C —NH,
—_—
H,0
R

H(|3—CH3

where R=-H; -C3H-

Resonance signals of 6 = 3.3-3.7 ppm
correspond to the protons of NH-group. A
proton signal of CH,-group attached to the
aromatic ring is observed in & = 5.15 ppm
region, and the singlet of CHs-group is
observed in 1.20 ppm region; CH,-, CH-
protons of cyclohexene ring are observed as a
large multiplet peak in the region of 6 = 1.5-
1.7 ppm.

Table 2. Physical chemical properties of 2-hydroxy-5(cyclohexen-3-yl-ethyl)
benzylphenylamines

< . = Boiling point at Mol. Elemental composition,%
Q 10 mm Hg, °C mass
£ 20 20 calc. found
s n p
D 4
e cTE o w
R=-H 216-218 1.5810 0.9815 307 82.1 81 |8L7 | 7.7
R = -C3H; 224-228 1.5963 0.9875 391 82.9 95 | 823 | 9.2

Besides, a benzene ring in IR spectrum
of 2-hydroxy-5(cyclohexen-3-yl-ethyl)
benzylphenylamine is observed in the regions
of 2505, 1590-1608cm™; stretching vibrations
= CH - in the regions of 3008, 3026 cm™, a
hydroxyl group — in the region of 1240 and
3100-3505 cm™. C-H stretching vibrations of
C-H cyclohezene ring is observed in the region
of 2920-2840 cm™, stretching vibrations of
CHj; in the cycle is determined in the region of
1110 and 1345 cm™; CHs-group is observed in

the region of 1370- and 1460 cm™, and —NH-
group — in the region of 1527 cm™.

By the same procedure,
aminomethylation reaction of p-(cyclohexen-
3-yl-ethyl) phenol was carried out with
formaldehyde and 2,6-diisopropylanilin. The
yield of 2-hydroxy-5(cyclohexen-3-yl-ethyl)
benzyl-2,6-diisopropylphenylamine (BPhA-II)
was 82.3%.

After purification from other admixtures,
physical-chemical properties were determined
and chemical structures confirmed. The IR and

CHEMICAL PROBLEMS 2019 no. 3 (17)




390

SYNTHESIS AND STUDY OF ANTIOXIDATIVE

'H NMR spectra of BPhA-1I are similar to the
first amine.

Physical-chemical properties
hydroxy-5(cyclohexen-3-yl-ethyl)
benzylphenylamines are shown in Tab. 2.

2-Hydroxy-5(cyclohexen-3-yl-ethyl)
benzylphenylamines were tested as
antioxidants of diesel fuel on GOST 9144-79.

of 2-

The samples were prepared on the basis of the
known compositions (0.004%) and
synthesized by us, too. Further, initial diesel
fuel (DF) and samples with added antioxidants
were oxidized on LSART device at 150°C
during 4 h and the resulting residues
determined.

The test results are shown in Tab. 3.

Table 3. Comparative test results of 2-hydroxy-5(cyclohexen-3-yl-ethyl)
benzylphenylamines as antioxidant (AO) of diesel fuel

No. Antioxidants Antioxidant amount,% Sediment amount,
mg/100 cm®

1. DF (withoutAO) - 4.35

2. DF+ ionol 0.004 1.0
H—©C2_N_ i /;

3 : R- 0.004 0.9

' polymerdistillate (known) ' '

(O

4, where R=-H 0.004 0.5

5. R= -C3H7 0.004 0
As is evident from Tab. 3, addition of (0.5 mg/100 cm®) in DF; however, any

aniline-based compound we synthesized sediment is formed by adding an antioxidant

causes the formation of insignificant sediment

on the basis of 2,6-diizopropylaniline.

Conclusions

1. Cycloalkenylation of phenol with 3-
vinylcyclohexene has been studied in the
presence of modified zeolite-containing
catalyst Zeokar-2M. It revealed that at a
temperature of 110°C, reaction time of 4
h, 1:1 molar ratio of phenol to VCH and
catalyst amount of 10%, the yield of p-
alkylphenol amounts to 81.3% on phenol
according to the theory; however with
selectivity — 93.7% on the target product.

2. Aminomethylation reaction of p-
alkylphenol with formalin and aniline

has been studied. As a result, it found
that at a temperature of 80 °C, reaction
time of 2 h, 1:2:2 molar ratio of p-
alkylphenol to formalin and aniline, the
yield  of  2-hydroxy-5-alkylbenzyl-
phenylamines amounts to 82.3-96.0%
according to the theory.

3. Synthesized 2-hydroxy-
5(cyclohexen-3-yl-ethyl)benzylphenyl
amines have been tested as antioxidants
for diesel fuel to meet results required.
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Hccneoosanvl peakyuu YyuKioarKeHUIUPOBAHUs eHOoNa 3-GUHUTYUKTLOLEKCEHOM 8 NPUCYICIEUU
Mooupuyuposanno2o yeorumcoodepiicauweco kamaiusamopa Lleokap-2M, na nabopamopHot
YCMAHOBKe NEPUOOUUECKO20 OeliCBUsl U AMUHOMEMUTUPOBAHUS NOJYYEeHHO20 N-(YUKI02eKCeH-
3-un-smun)gpenona  gopmarvoecuoom u awuruHamu. H3yyeHo GnuUsHUEe MeMnepamypul,
APOOOIHCUMENLHOCTIU PeaKyuu, MOIbHO20 COOMHOWeHUs enon:eununyukiozexcern (BLI) u
KOIUYeCmea Kamanuzamopa Ha 6blX00 U CeNeKMUBHOCIb Npoyeccd YUKIOAIKeHUIUPOBAHUs
Qenona  SUHUTYUKTIO2EKCEHOM, 6 pe3yIbmame Ye2o0 HAldeHbl ONMUMATbHbIE YCI08Us,
obecneuugalowue MaKCUMAIbHbIL 8bIX00 Yenegoeo npodykma. Ilonyuennvie npooykmel OvLiu
UCNBIMAHLL 6  Kauecmee  AHMUOKCUOAHMO8 K  OU3EIbHOMY  MONAUGY U NOKA3ALU
YO08IemeOpUmenbHble  pe3yibmamyvl, umo ceudemenvbcmeyem 06 d@pgekmusHocmu  ux
npUMEHeHUs.

Kniwowuesvle cnosa: penon, 3-6uHUTYUKIOCEKCEH, KAMATUIAMOP, YUKIOATIKEHUIUPOBAHUE,
AHUTUH, AMUHOMEMUTUPOBAHUE, AHMUOKCUOAHMbL

p-(TSIKLOHEKSEN-3-IL-ET/L)FENOLUN AMINOMETILLOSMIiS TOROMOLORININ
SINTEZI VO ANTIOKSIDLOSDIRICI XASSOLORININ TODQIQI

V.H. Mirzayev, C.Q. Rasulov, S.Q. 9liyeva, E.M. Quliyeva

AMEA Y.H.Mammadsliyev adina Neft-Kimya Proseslari /nstitutu,
AZ 1025, Bak:, Xocal: pr.,30; e-mail:Tural1l10@gmail.com

Fenolun modifikasiya olunmus seolit tarkibli Seokar-2M katalizatoru istirakinda 3-
viniltsikloheksenlo  fasilali  laboratoriya qurgusunda tsikloalkenillogma vo alinmis  p-
(tsikloheksen-3-il-etil)fenolun formaldehid va anilinlo aminometillosma reaksiyalar: tadqiq
olunmugdur. Fenolun viniltsikloheksenla tsikloalkenillogma prosesinin ¢iximina va segiciliyina
temperaturun, reaksiya muddatinin, fenolun viniltsikloheksena mol nisbatinin va katalizatorun
miqdarimin tasiri Oyranilmigdir, naticada maqgsadli mohsulun maksimum ¢uximin: tomin edan
optimal sarait tap:musdir. Alinmzg mohsullar:in dizel yanacagina antioksidant kimi s:naglar:
apar:imzs va gonastbaxs naticalor alda olunmugsdur.

Acar soOzlar: fenol, 3-viniltsikloheksen, katalizator, tsikloalkenillagma, anilin, aminometillagmo,
antioksidant
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