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Bovioop u onmumusayus aHmMuoOKCUOAHMO8 U UX KOJTUUECHEA 3A6UCAM OM MHOZUX hak-
mMopos, 6KI0UAsA COCIMAE MONIUEA, MEXHUYECKUE XAPAKMEPUCHUKU MONIUGA U YCI08USA XPAHEHUSL.
Bo epems pabomul 0suzameneit u MexaHuzMo6 OHU CORPUKACAIOMCA C 6030YX0M, YACMO HPU NOGb-
UieHHbIX memnepamypax. B smux yciosuax u noo kamaiumuueckum Oelucmeuem Memaiiog OKuc-
JAIOMCA CMA304HbIE MACTa U mMonaueo. Tpaouyuonno akmyanbHbIM A618emca NOUCK COeOUHEHUTL ¢
6bICOKOU AHMUOKCUOAHMHOI AKMUBHOCMbIO. B 0annoit padbome ovLau uzyueHvl 603M0HCHOCIU RPO-
ZPAMMHBIX NAKEM 06 01 K6AHMO080-XUMUYECKUX PACYEn 06 NPOCIMPAHCIEEHHO 3AMeUeHHbIX (heHO-
106 (SSP). Bvin cunmesuposan cmpykmypuulii pao SSP, uzyuena ux anHmuokcuoaHmuas aKkmue-
HOCMb, a 3amem ObLAU NPOBEOEHDl KEAHMO0BO-XUMUYECKUE PACUENIbI CIPYKIYD C UEIbI0 GbIAGACHUN
3A6UCUMOCIU UX AKIMUGHOCHU Om onpedeiennblx napamempos. Ha ymane ananuza numepamypot
ObLI10 6bIAGIEHO JIUULD HECKOBKO PACHEMHbBIX RAPAMENPO8, O KOMOPBIX 3A6UCUM AHMUPAOUKATb-
Hasa akmugHocmy coeounenus. OOHAKo npu u3yyeHuu 3agucumocmeii Obvl10 0OHAPYIHCEHO, YMO aK-
MUBHOCMb (PeHO0108 8 Kauecmee AHMUOKCUOAHIMOG 3A8UCUN O HECKObKO 001bUiez0 Yucaa napa-
Mempoe, maKkux Kax nomenyuan uonuszayuu, snepzus LUMO, sumanvnun, nonnas snepzus moie-
Kyavt u eanenmuniii yeon C-O-H. Cmpykmypa ¢penonose npenamcmeyem ux pacmeopumocmu 6
Maciue, umo 3ampyoHsaem mecmuposanue maxKux coeOuHeHuil, Kak anmuoxcuoaumol. bvino peweno
CHAYANA pacmeopums coeOuneHue 6 yeneeo00poOHOM pacmeopumeie, a 3amem 000agums KOHYeH-
mpam 6 macno. AHMUOKCUOAGHMHYI0O AKMUBHOCHb COCOUHEHUTI UMEPATU NO KUCIOMHOMY YUCTLY
OKUCTIEHHO20 MACa, CO0epcauiezo ucciedyemoe coeounenue. Pezynomamol 3moii pabomsl no3eo-
JUTIU HAM ORPEOeTUmD 3A6UCUMOCHb AHMUOKCUOAHMHOU AKMUGHOCHIU OM PA3NUYHBIX NAPDAMEm-
Po6 cmpykmypul ¢enona. B oanvuetiniem naanupyemcsa pacuiupumsy GuliEYROMAHYMYIO CEpUio,
AHANOZUYHYI0 RO CHPYKHMIYPe, @ MAKMce NPOGecmU UCHbIMAHUA HA AGHMUOKCUOAHMHYI0O AKMUG-
HOCHLb 6 MACIAX U MONAUGAX PA3TUYHBIX MAPOK.
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The choice and optimization of antioxidants and their amount depends on many factors,
including the composition of the fuel, the technical characteristics of the fuel and the storage con-
ditions. During the operation of engines and mechanisms, they come into contact with air, often at
elevated temperatures. Under these conditions and under the catalytic action of metals, lubricating
oils and fuels are oxidized. Traditionally, the search for compounds with high antioxidant activity
is relevant. In this paper, the possibilities of software packages for quantum-chemical calculations
of spatially substituted phenols (SSP) were studied. A structural series of SSPs were synthesized,
their antioxidant activity was studied, and then quantum chemical calculations of the structures
were carried out in order to identify the dependence of their activity on certain parameters. At the
stage of literature analysis, only a few calculated parameters were identified, on which the anti-
radical activity of the compound depends. However, when studying the dependencies, it was found
that the activity of phenols as antioxidants depends on a slightly larger number of parameters, such
as the ionization potential, LUMO energy, enthalpy, total energy of the molecule and the C-O-H
valence angle. The structure of phenols prevents their solubility in oil, which makes it difficult to
test compounds such as antioxidants. It was decided to first dissolve the compound in a hydrocar-
bon solvent, and then add the concentrate to the oil. The antioxidant activity of the compounds was
measured by the acid number of the oxidized oil containing the studied compound. The results of
this work allowed us to determine the dependence of antioxidant activity on various parameters of
the phenol structure. In the future, it is planned to expand the above-mentioned series, similar to
the structure, as well as to conduct tests for antioxidant activity in oils and fuels of various brands.
Antioxidants or inhibitors of oxidation processes play a major role in various spheres of human
life: oil refining, food and cosmetics industry, drug manufacturing and many others.
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Antioxidants or inhibitors of oxidation pro-
cesses play a major role in various spheres of human
life: oil refining, food and cosmetics industry, drug
manufacturing and many others [1].

Phenolic antioxidants take the lead among
modern free-radical inhibitors of oxidation of organic
and bioorganic substrates. In recent years they ac-
counted for over 50% of the world market of plastic
stabilizers and ~30% for rubbers and resins, while most
food and medical antioxidants are also phenolic com-
pounds [2].

Until recently, it was difficult to predict what
effect the introduction of certain substituents might
have on the change in chemical properties of various
substances. Initially, the only ways of assessment were
semi-empirical methods that could describe molecular-
quantum structure, explain the properties of already
obtained substances, and explain the relationship be-
tween geometric and electronic structures of molecules
and their reactivity. Subsequently, with the develop-
ment and improvement of non-empirical methods, a
whole range of new opportunities opened up for re-
searchers to study the most diverse and complex struc-
tures of organic molecules, such as the full and conver-
gent prediction of substances' properties, detailed study
of complex multistage reaction mechanisms, including
catalytic ones, and much more. Nowadays, it can be
stated with confidence that the development of com-
puter technologies and quantum-chemical research be-
came so effective that it is difficult to find any article
devoted to theoretical or applied chemical research that
would ignore the results of quantum-chemical calcula-
tions [3].

Today, we can confidently say that quantum-
chemical methods have become one of the most im-
portant tools of chemical research. It is also important
to emphasize that the role of such methods in various
studies is growing each and every year. Computer tech-
nologies and quantum-chemical research made such a
massive progressthat they can now be placed on the
same footing as experimental research.

The aim of this work is to reveal the depend-
ence of antioxidant activity on the calculated parame-
ters: bond lengths, valence angles, ionization poten-
tials, total energy of compounds, dissociation energy,
HOMO energy, LUMO energy, heat of formation, di-
pole moments, enthalpy, entropy, Gibbs energy. The
compounds obtained were tested for their antioxidant
activities [4].

ChemChemTech. 2021. V. 64. N 11

The mechanism of hydrocarbon oxidation is of
a radical-chain nature and develops as follows:

1) Formation of free radicals Re and hydroper-
oxide radicals RO«;:

Initiation RH + O; — Re + HO*;
Development of chain reaction Re + Oz — RO«

RO+, + RH — ROOH + Re

2) Decomposition of hydroperoxide molecule
with the formation of active radicals:

ROOH — RO- + *OH; RO+ +RH — ROH +Re
3) Emergence of new reaction chains:
*OH + RH — H;O + Re Re + Oz — ROe;, etc.

4) Breakdown of chain reaction:
Re+Re—>R-R Re¢ + ROO* — ROOR

Since the process of hydrocarbons oxidation is
radical-chain and proceeds with increasing rate, anti-
oxidants must be able to "slake" the active hydrocarbon
radicals, thus slowing down or completely stopping the
chain reaction of oxidation.

CH, o CH,
HyC HsC CHs
HyC HsC CH3
ROO* + —_— +ROOH
CH,
HyC
HyC

CHs
Fig. 1. The reaction mechanism of antioxidant addltlve using the
example of lonol
Puc. 1. MexaHu3Mm peakuMy aHTHOKUCIETUIHHOMN NPUCAIKU Ha
IpuMepe HOoHOJIa

_—

The radical formed at the first stage is stabi-
lized by bulky tert-butyl substituents. It does not par-
ticipate in the continuation and development of hydro-
carbon oxidation chain, but is able to interact with an-
other radical, which leads to the formation of quinoid
structure and helps to slow down the oxidation process
[5-6]. The rate of this reaction is significantly influ-
enced by the nature of para-substituents in phenol.

Compounds under study were synthesized in
three stages [7-8]. At the first stage we have obtained
4-hydroxy-3,5-di-tert-butylbenzaldehyde in Duff reac-
tion by interaction of 2,6-di-tert-butylphenol with
urotropin in boiling acetic acid solution.
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OH
N

OH
r CH;COOH, H,0
—_—
+ N | N reflux, 1h.
iy
(o) H

1 2
Fig. 2. The process of obtaining 4-hydroxy-3,5-di-tert-butylben-
zaldehyde
Puc. 2. Iponecc nomydenus 4-runpoxcu-3,5-au-mpem-0y-
TUIIOEH3AIBAET A

At the second stage, the interaction of 4-hy-
droxy-3,5-di-tert-butylbenzaldehyde with thionyl
chloride at room temperature led to the formation of
4-hydroxy-3,5-di-tert-butylbenzylidene chloride [9].

Fig. 3. The process of obtaining 4-hydroxy-3,5-di-tert-butylben-
zylidene chloride
Puc. 3. [Iponecc nonyuenus 4-ruapokcu-3,5-nu-mpem-0y-
THUIOCH3MIIUICHXIIOPHIA

OH OH
r.t., solv.
+ RNH, >
-2HCl

IIC§ -
NO,

R
N
R: © @ (53 -CH,~(CH,)sNHg): @ @
o
NO,

Cl

NO,
Fig. 4. The process of obtaining 2,6-di-tert-butyl-4-(R-N-
iminomethyl)phenols
Puc. 4. Tlpouecc nonyuenus 2,6-1u-mpem-0ytun-4-(R-N-amuso-
MeTHT)(HhEHOIOB

At the third stage, the studied products were
produced by interaction of 4-hydroxy-3,5-di-tert-bu-
tylbenzylidene chloride with primary amines at room
temperature Conditions of the experiments and yield of
reaction products are presented in Table 1.

Testing of the obtained compounds was car-
ried out with the use of 1-20 oil. The additive was first
dissolved in heated oil, and the samples were oxidized
inPetroTestinstrument according to ASTM D 4636
standard. Discs of various non-ferrous metals were
used as catalysts. The test was conducted at 150 °C for
4 h with constant air blow [6, 7].

The tested compounds antioxidant activity was
assessed using the acid indexvalue determined after
oxidation of oil according to GOST-5985-79.

Table 2 presents the results of calculation of
the studied molecules done with the help of Gaussian
and MORAS software.

The aim of this work is to reveal the depend-
ence of antioxidant activity on the calculated parame-
ters: bond lengths, valence angles, ionization poten-
tials, total energy of compounds, dissociation energy,
HOMO energy, LUMO energy, heat of formation, di-
pole moments, enthalpy, entropy, Gibbs energy. The
compounds obtained were tested for their antioxidant
activities [4].

Below in green are my suggestions to change
the wording.

Introduction of electron-deficient substituent
in para-position of hydroxyl group leads to an increase
in bond length in phenol hydroxyl group. Values vary
from 1.0009 A (compound 3) to 1.0061 A (compound
7) and 1.0067 A (compound 5). The higher values are
shown by molecules containing nitro groups.

The greatest O-H bond length in phenol hy-
droxyl group is observed in compound 5 and equalsto
1.0069 A. The opposite effect has also been observed:
O-H bond length decreases with the introduction of
electron-donating substituent in para-position.

The least bond length is observed atlonol mol-
ecule and equals to 1.0003 A. Based on the obtained
results, we can assume that the bond length decreases
with the growth of electron density inhydroxyl group
[9, 10].

Table 1
Conditions of experiments
Tabauya 1. YcioBusi NpoBeIeHNs1 IKCIIEPHMEHTOB
Ne of compound Amine Solvent Melting point, °C | Yield, %
4 4-chlorbenzeneamine benzene 120-122 96
5 2-nitro-5-(4-nitrophenoxy)benzeneamine | Diethyl ether 170-172 88
6 1,6-hexanediamine Acetone 165-167 83
7 3-nitrobenzeneamine Diethyl ether 152-154 76
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Table 2
Results of quantum-chemical calculations of the synthesized compounds
Taonuya 2. Pe3yn1bTaThl KBAHTOBO-XUMHUYECKHX PACYeTOB CUHTE3UPOBAHHBIX COeIMHEHMIl
Ne of Bond Valence |lonization| LUMO| Dipole | Dissocia-
com- Name of compound CN |length O-H,| angle |potential,|energy, moments,|tion energy,
pound A C-O-H,°| eV eV D O-H, eV
26-ditert-butyl-4- | 55a16 | 10003 | 11210 | 8484 | 0.421 | 1720 | 12.306
methylphenol (lonol)
2,6-di-tert-butyl-4-[N-(4-
4 chlorphenyl)iminome- 0.87260 | 1.0029 11250 | 8.844 | 0.077 | 5.723 10.430
thyl]phenol
2,6-di-tert-butyl-4-{N-[2-ni-
5 tro-5-(4-nitrophenoxi)phe- | 1.18421 | 1.0069 112.45 | 9.064 | -0.583 | 2.545 7.351
nyl]Jiminomethyl}phenol
bis(2,6-di-tert-butyl)-4,4'-[N,
6 N'-1,6-hexandiil-1,6- 0.71053 | 1.0036 112,20 | 8.697 | 0.205 | 4.150 11.471
diiminomethyl]diphenol
2,6-di-tert-butyl-4-[N-(3-ni-
7 | trophenyl)iminomethyl]phe- | 1.05263 | 1.0061 11252 | 9.011 |-0.407 | 7.789 8.203
nol
3 A-hydroxi-3,5-di-tert- | ) cagan | 40009 | 112.40 | 9.096 | 0400 | 3175 | 9.405
butylbenzylidenechloride
1 2,6-di-tert-butylphenol 0.52632 | 1.0017 112,28 | 8.732 | 0.371 | 1.680 12.052

Introduction of donor substituents into para-
position of hydroxyl group leads to a decrease in bond
length. So the lowest value was for lonol (1.0003 A).
The values obtained confirm this observation.Thus, we
see that as electron density on hydroxyl group goes up,
O-H bond lengthdecreases.

The change in the value of C-O-H valence an-
gle is not significant, probably due to the influence of
bulky tert-butyl substituents. Compared to 2,6-di-tert-
butylphenol (1) whose C-O-H valence angle was
112.28°. The introduction of donor groups leads to its
decrease (112.20°, 112.10°). And introduction of elec-
tron-deficient groups — to increase (112.40-112.52°).

The highest ionization potential (Table 2) is
observed for compound 3 (9.096 eV), the lowest — for
lonol (8.484 eV), which is also due to the difference in
donor-acceptor properties of substituents in para-posi-
tion and agrees with the general theory stating that the
introduction of the acceptor increases electron density
in hydroxyl group of phenol,as well asits reactivity.

The dissociation energy was calculated as the
difference in the sums of energies of dissociation prod-
ucts and the non-dissociated molecule [11-14].

As aresult, it was also observed that the highest
dissociation energy was observed for lonol - 12.306 eV,
the lowest - for compound 5 - 7.351 eV.

LUMO energy characterizes the affinity of the
molecule to electron. It is noteworthy that compound 5 h
the lowest LUMO value - 0.583 eV, and lonol has the
highest - 0.421 eV [15, 16].

ChemChemTech. 2021. V. 64. N 11

Belowgraphical dependencesof acid index of
the oxidized oil on some calculated parameters are pre-
sented.

AN - bond angle
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Fig. 5. Dependence of acid number on bond angle C-O-H
Puc. 5. 3aBUCHMMOCTB KHCIIOTHOTO 4ncia ot yria cssizu C-O-H

Thus, a number of new space-substituted phe-
nols have been studied.

Based on quantum-chemical calculations in
Gaussian and MORAS applications, we have deter-
mined physical constants of the synthesized sub-
stances, investigated. The dependence of antioxidant
activity on calculated parameters, allowing to assessthe
compound's antioxidant activity in fuels and oils [17, 18].

Thus, the existence of dependences between
theactivity of space-substituted phenols and the calcu-
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lated quantum-chemical parameters has been experimen-
tally proved and clearly demonstrated. This is evidenced
by high values of correlation coefficients (R = 0.7-0.9).

AN - bond length O-H
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Bond length O-H, A

Fig. 6. Dependence of acid number on bond length O-H
Puc. 6. 3aBUCHMOCTD KHCIIOTHOTIO YKCIIAa OT JUIUHEI cBsa3u O-H

AN - LUMO energy
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Fig. 7. Dependence of acid number on LUMO energy of the mol-
ecule
Puc. 7. 3aBucuMocTh KUCIOTHOTO uncia oT s3Hepruu LUMO mo-
JIEKYJIBI
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Fig. 8. Dependence of acid number on dissociation energy O-H
Puc. 8. 3aBHCHMOCTE KHCIIOTHOTO YHCIA OT SHEpruu aucconua-
uu O-H
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The presence of these dependencies opens new
horizons in the approach to development of new anti-
oxidants based on space-substituted phenols. It will al-
low to considerably optimize and bring the search and
development of new antioxidant compounds toawhole
new level [19-24].

EXPERIMENTAL PART

'H NMR spectra were recorded on Tesla BS-
567A instruments with an operating frequency of
100 MHz, Bruker WP-250, operating frequency 250 MHz,
and Bruker MSL-400, operating frequency 400 MHz,
using deuterated solvent (CDCls) residual proton signals.

Alltheusedsolvents were purified and abso-
lutized according to standard procedures.

(4-Hydroxy-3,5-di-tert-butylbenzaldehyde) (2)

A mixture of 20.6 g (0.1 mol) of 2,6-di-tert-
butylphenol, 28.0 g (0.2 mol) of urotropine, 170 ml of
glacial acetic acid and 30 ml of water were gently
boiled while stirring for 1 h. From the reaction mass,
about 80 ml of aqueous acetic acid were distilled for 1 h.
After cooling down, a crystalline product was isolated
from the reaction mass, filtered and washed twice with
water. After filtration, drying and recrystallization
from toluene, 21 g (90%) of light yellow lamellar crys-
tals, melting point 187-189 °C, were obtained.

'H NMR spectrum (DMSO-d6), §, parts by
weight: 1.38(s, 18H, C(CHgs)s), 5.47(s,1H, OH),
7.95(s, 2H, CH), 9.54(s, 1H, COH).

Found (%): .C, 76,97; H, 9,57; O, 13,76. Cal-
culated (%): C, 76,88; H, 9,46; O, 13,65.

4-Hydroxy-3,5-di-tert-butylbenzylidene chlo-
ride (3)

The addition of 18.5 ml (0.26 mol) of thionyl
chloride to 11.7 g (0.05 mol) of 4-hydroxy-3,5-di-tert-
butylbenzaldehyde results in a red-orange solution. Af-
ter ageing of the reaction mass at room temperature for
20 h and distillation of volatiles under vacuum, a crys-
talline product was obtained, which was recrystallized
from isooctane. We have obtained 10.9 g (75.4%) of
compound (3), melting point 102-104 °C. 'H NMR
spectrum (CCl, + acetone —de), 8, parts by weight:1.38
(s, 18H,C(CHz3)s], 5.40 ¢ (1H,0OH), 6.61 s (1H,CH),
7.27 s (2H,CHgH>).

Found (%): C, 62,41; H, 7,82; Cl, 24,63; O, 5,68.
Calculated (%): C, 62,29; H, 7,67; Cl, 24,51; O, 5,53.

2,6-Di-tert-butyl-4-[N-(4-chlorophenyl)iminome-
thyl]phenol (4)

To a solution of 0.185 g (1.45 mmol) of
parachloraniline in 7 ml toluene with vigorous stirring,
we have added a solution of 0.172 g (0.91 mmol) of 4-
hydroxy-3,5-di-tert-butyl benzylidene chloride in 5 mi
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toluene. The resulting solution was aged at room tem-
perature for 24 h. After distillation of volatiles under
slight heating, a crystalline product was obtained,
which was recrystallized from diethyl ether. We have
obtained 0.30 g (95.8%) of compound (4), melting
point 120-122 °C.

'H NMR spectrum (DMSO-ds, 5, parts by
weight): 1.36(s, 18H, C(CHs)s), 5.23(s, 1H, OH),
7.02(dd, 2H, CH), 7.4(dd, 2H, CH), 7.5 (d, 2H, CH),
8.64 (s, 1H, CHN).

Found (%): C, 73,48; H, 7,74; Cl, 10,39; N,
4,15; O, 4,79. Calculated (%): C, 73,35; H, 7,62; Cl,
10,31; N, 4,07; O, 4,65.

2,6-ou-tert-butyl  -4-{N-[2-nitro-5-(4-nitrophe-
noxy)phenil]iminomethyl} phenol (5)

To a solution of 0.275 g (1 mmol) of 2-nitro-
5-(4-nitrophenoxy)benzolamine in 80 ml of diethyl
ether under vigorous stirring, we have added a solution
of 0.18 g (0.95 mmol) of 4-hydroxy-3,5-di-tert-butyl
benzylidene chloride in 15 ml of diethyl ether. The re-
sulting solution was aged at room temperature for 48 h.
After distillation of volatiles under slight heating, a
crystalline product was obtained, which was recrystal-
lized from diethyl ether. We have obtained 0.41 g
(88%) of compound (5), melting point 170-172 °C
(with decomposition).

'H NMR spectrum (DMSO-ds, 5, parts by
weight ): 1.35 (s, 18H, C(CHj3)s), 5.38 (s, 1H, OH),
6.64 (s, 1H, CH), 6.94 (d, 1H, CH), 7.12 (dd, 2H, CH),
7.51 (s, 2H, CH), 8.14 (d, 1H, CH), 8.24 (dd, 2H, CH),
8.46 (s, 1H, CHN).

Found (%): C, 66,12; H, 6,08; N, 8,73; O,
19,64. Calculated (%): C, 65,98; H, 5,95; N, 8,55; O,
19,53.

Bis(2,6-di-tert-butyl)-4,4"-[N, N'-1,6-hexanediol-
1,6-diiminomethyl]-diphenol (6)

To a solution of 0.116 g (1 mmol) of hexa-
methylenediamine in 15 ml acetone under vigorous
stirring, we have added a solution of 0.378 g (2 mmol)
of 4-hydroxy-3,5-di-tert-butyl benzylidene chloride in
25 ml acetone. The resulting solution was aged at room
temperature for 24 h. After distillation of volatiles un-
der slight heating, a crystalline product was obtained,
which was recrystallized from diethyl ether. We have
obtained 0.452 g (82.5%) of compound (6), melting
point 163-167 °C (with decomposition) [references to
be verified].

'H NMR spectrum (DMSO-ds, 8, parts by
weight): 1.33 (s, 36H, C(CHzs)s), 1.55 (dd, 4H, CH>),
3.65 (dd, 4H, CH,), 5.33 (s, 2H, OH), 7.42 (d, 4H, CH),
8.08 (s, 2H, CHN).

Found (%): C, 75,94; H, 10,99; N, 8,51; O,
4,95. Calculated (%): C, 75,85; H, 10,91; N, 8,42; O,
4,81.
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2,6-di-tert-butyl-4-[N-(3-nitrophenyl)iminome-
thyl]phenol (7)

To a solution of 0.138 g (1 mmol) of ortho-ni-
troaniline in 40 ml of diethyl ether under vigorous stir-
ring, we have added a solution of 0.189 g (1 mmol) of
4-hydroxy-3,5-di-tert-butyl benzylidene chloride in 20 ml
of diethyl ether. The resulting solution was aged at
room temperature for 24 h. After distillation of vola-
tiles under slight heating, a crystalline product was ob-
tained, which was recrystallized from diethyl ether. We
have obtained 0.269 g (76%) of compound (7), melting
point 152-154 °C.

'H NMR spectrum (DMSO-ds, 5, parts by
weight): 1.35 (s, 18H, C(CHa)3), 5.38 (s, 1H, OH), 6.64
(s, 1H, CH), 6.94 (d, 1H, CH), 7.12 (dd, 2H, CH), 7.51
(s, 2H, CH), 8.14 (d, 1H, CH), 8.24 (dd, 2H, CH), 8.46
(s, 1H, CHN).

Found (%): C, 71,28; H, 7,52; N, 8,01; O,
13,73. Calculated (%): C, 71,16; H, 7,39; N, 7,90; O,
13,54.

Bis(2,6-di-tert-butyl)-4,4"-[N, N'-1,6-hexanediol-
1,6-diiminomethyl]-diphenol (6)

To a solution of 0.116 g (1 mmol) of hexa-
methylenediamine in 15 ml acetone under vigorous
stirring was added a solution of 0.378 g (2 mmol) of 4-
hydroxy-3,5-di-tert-butyl benzylidene chloride in 25 ml
acetone. The resulting solution was aged at room tem-
perature for 24 h. After distillation of volatiles under
slight heating a crystalline product was obtained,
which was recrystallized from diethyl ether. We have
obtained 0.452 g (82.5%) of compound (6), melting
point 163-167 °C (with decomposition).

'H NMR spectrum (DMSO-ds, 8, parts by
weight): 1.33 (s, 36H, C(CHz)s), 1.55 (dt, 4H, CH>),
3.65 (dd, 4H, CH>), 5.33 (s, 2H, OH), 7.42 (d, 4H, CH),
8.08 (s, 2H, CHN).

2,6-di-tert-butyl-4-[N-(3-nitrophenyl)iminome-
thyl]phenol (7)

To a solution of 0.138 g (1 mmol) of ortho-ni-
troaniline in 40 ml of diethyl ether under vigorous stir-
ring was added a solution of 0.189 g (1 mmol) of 4-
hydroxy-3,5-di-tert-butyl benzylidene chloride in 20 ml of
diethyl ether. The resulting solution was aged at room
temperature for 24 h. After distillation of volatiles un-
der slight heating a crystalline product was obtained,
which was recrystallized from diethyl ether.We have
obtained 0.269 g (76%) of compound (7), melting
point 152-154 °C.

1H NMR spectrum (DMSO-ds, 8, parts by
weight): 1.37 (s, 18H, C(CH3)3), 5.33 (s, 1H, OH),
7.32 (dt, 1H, CH), 7.52 (s, 2H, CH), 7.68 (t, 1H, CH),
7.81(t, 1H, CH), 8.02 (dt, 1H, CH), 8.62 (s, 1H, CHN).

The authors declare the absence a conflict of
interest warranting disclosure in this article.

Aemopbl sasenaom 00 omcymcmeuu KOH-
Gruxma unmepecos, mpedyrue2o packpvimus 8 OaH-
HOU cmambe.

41



K.I'. Anekcansia u ap.

10.

11.

12.

13.

14.

15.

16.

17.

42

JIUTEPATYPA

Crenanos H.®., ITynsimes B.W. KBanToBas Mmexanuka Mo-
JIeKyJ1 1 KBaHTOBast XuMust. M.: Uzn-Bo MI'Y. 1991. 384 c.
Aunekcansii K.I'., Crokouioc O.A., Cosnonosa E.B., 3aiineBa
I0.H., CanmanoB C.10., Apysmn H.P., HaneroBa A.B.,
MuxaiisioB J.P. Vctopus pa3BUTHA 1 IPUMEHEHUS aHTHOKHUC-
JITeNbHBIX PUCAJOK UL TOIUIUB U Macell. /136. 6y306. Xumus u
xum. mexrnonoeusi. 2018. T. 61. Bem. 9-10. C. 120-125. DOI:
10.6060/ivkkt.20186109-10.5848.

ITerpoBa B.B. Kitaccudukanms aHTHOKHCIUTEIBHBIX IPH-
canok. [losonorc. nayy. gecmu. 2017. Ne 3. C. 16-19.
Murtycosa T.H. CoBpeMeHHOE COCTOSHHE POU3BOACTBA NPH-
CajIoK K JU3ENIBHBIM TOIUIMBaM. TpeOoBaHus K KadecTBy. Mup
Hepmenpodykmos. Becmmu. negpm. komnanuii. 2009. Ne 9-10.
C. 10-16.

I'pumiun JI.®., Cumanckas K.JO. IlpotuBousHocHble U
AQHTHOKHCIIUTENbHBIE TIPUCAJKH K JH3EIbHBIM TOIIMBAM C
YIYYIICHHBIMH 9KOJOTHYECKUMH XapaKTePUCTUKAMHU. DKo-
noeust u npom-mo Poccuu. 2016. T. 20. Ne 11. C. 32-38. DOI:
10.18412/1816-0395-2016-11-32-38.

ITomysmnupudeckue MeTOIbI pacueTa IEKTPOHHOU CTPYK-
typeL. [Tox pen. Jix. Curana. M.: Mup. 1980. T. 1. 327 c.
Momuceesa JI.C. [Ipucanku MHOTO(YHKITHOHATLHOTO Ha3HA-
YeHHS - aNKWI(QEHOSATH: COBEPIICHCTBOBAHHE CIIOCOOOB
nonydeHus. Texnon. mawunocmp. 2012. Ne 10. C. 37-44.
Denisov E., Denisova T., Pokidova T. Handbook of Free
Radical Initiators. John Wiley & Sons. 2003. DOI:
10.1002/0471721476.

®ap3anues B.M., badaes J.P., AnueBa K.U., IlosieTaeBa
0.10., MoBcymsage J.M., Koaunna I'.}O. bronospexnenne
CMa304YHbIX Maces B yCJIOBUAX XpaHeHus. Ipancnopm u xpane-
Hue Hepmenpoo. u y2negodopoo. cvipwvs. 2016. Ne 3. C. 24-28.
Baaros B.A., llleBuenko A.IL., Ilepecsinkuna E.B. IToxy-
SMITUPUYECKUE PacueTHbIE METOAbI KBaHTOBOW xumuu. Ca-
Mapa: U3n-Bo «YHuBepc-rpymm». 2005. 32 c.

Epwmos B.B., Hukudopos I'.A., Boaogbkun A.A. IIpo-
CTPaHCTBEHHO-3aTpyAHEHHBIE (eHonbl. M.: Xumus. 1972.
352c.

Yepuoxykos H.U., Kpeiin C.J. OxucnseMocTs MUHEpab-
HBIX Macel. M.: l'ocronrexmsnar. 1955. 87 c.

Berger H., Bolsmann T.A.B., Brouwer D.M. In: Develop-
ments in Polymer Stabilisation- 6. Ed. by G. Scott. London:
Elsevier Applied Science Publ. 1983. P. 1-27.

IMoaeraesa O.10., Kosrunna I'.10., Ainexcanaposa A.I1O.,
Moscym3zane .M., MyxamerssnoB N.3. Hccrenoanue
BIIMSTHUS TEOMETPUUECKOTO U 3JIEKTPOHHOTO CTPOESHUSI MOJIe-
KYyJI aHTHOKHCJIUTENbHBIX MPHCATOK Ha 3(P(EeKTHBHOCTh X
neiictBus B ToruBe. M3B. By30B. XUMHUS U XUM. TE€XHOJIO-
rust. 2015. T. 58. Bem. 6. C. 3-6.

Banues P.P., Yepenanos B.H. Ilpaktuueckoe pykoBoI-
cTBo 1o mporpammuomy nakery GAMESS mms abinitio
KBaHTOBOXMMHUYECKHX pacy€roB. Tomck: ToMck. roc. yH-T.
2012.52c.

Hupeabcon B.I'. KBanroBas xumus. Mosekylbl. MOJNEKy-
JISIpHBIE CHCTEMbI M TBepable Tena. M.: bunowm. JlabopaTtopus
3HaHui. 2010. 469 c.

Hopogeea O.B., PrikoBa O.H., MouceeBa H.®. Vcrionb3o-
BaHME KBAHTOBO-XUMUYECKUX PACUETOB JUIS OIpeeIeHUs
TPYIITIOBBIX BKJIAJIOB B TEPMOANHAMIIECKHE CBOMCTBA ocdo-
popraHnyeckux coemuHeHul. JKypn. ¢us. xumuu. 2008. T. 82.
Ne 6. C. 1064-1069. DOI: 10.1134/S0036024408060113.

10.

11.

12.

13.

14.

15.

16.

17.

REFERENCES

Stepanov N.F., Pupyshev V.l. Quantum mechanics of mol-
ecules and quantum chemistry. M.: 1zd-vo MGU. 1991. 38 p.
(in Russian).

Alexanyan K.G., Stokolos O.A., Solodov E.V., Zaitseva Yu.N.,
Salmanov S.Y., Yarullin N.R., Naletova V.A., Mikhailov E.R.
History of development and application of antiokislitel additives
for fuels and oils. ChemChemTech.. [lzv. Vyssh. Uchebn. Zaved.
Khim. Khim. Tekhnol.] 2018. V. 61. N 9-10. P. 120-125 (in Rus-
sian). DOI: 10.6060/ivkkt.20186109-10.5848.

Petrova V.V. Classification of antioxidant additives. Pov-
olzh. Nauch. Vestn. 2017. N 3. P. 16-19 (in Russian).
Mitusova T.N. The current state of production of additives
for diesel fuels. Quality requirements. Mir Nefteproduktov.
Vestn. Neft. Kompaniy. 2009. N 9-10. P. 10-16 (in Russian).
Grishin D.F., Simanskaya K.Yu. Anti-wear and anti-oxi-
dizing additives to diesel fuels with improved environmental
characteristics. Ecolog. Promyshl.’ Rossii. 2016. V. 20. N 11.
P. 32-38 (in Russian). DOI: 10.18412/1816-0395-2016-11-
32-38.

Semi-empirical methods for calculating the electronic struc-
ture. Ed. by J. Segal. M.: Mir. 1980. V. 1. 327 p. (in Russian).
Moiseeva L.S. Multifunctional additives-alkylphenolates:
improvement of production methods. Tekhnol. Mashinostr.
2012. N 10. P. 37-44 (in Russian).

Denisov E., Denisova T., Pokidova T. Handbook of Free Radical
Initiators. John Wiley & Sons. 2003. DOI: 10.1002/0471721476.
Farzaliev V.M., Babaev E.R., Alieva K.l., Poletaeva
0.Yu., Movsumzade E.M., Kolchina G.Yu. Bio-damage of
lubricating oils in storage conditions. Transport Khranenie
Nefieprod. Uglevodorod. Syr’ya. 2016. N 3. P. 24-28 (in Russian).
Blatov V.A., Shevchenko A.P., Peresypkina E.V. Semi-
empirical computational methods of quantum chemistry. Sa-
mara: Izd-vo "Univers-grup™. 2005. 32 p. (in Russian).
Yershov V.V., Nikiforov G.A., Volodkin A.A. Spatially
hindered phenols. M.: Khimiya. 1972. 352 p. (in Russian).
Chernozhukov N.1., Krein S.E. The oxidability of mineral
oils. M.: Gostoptehizdat. 1955. 87 p. (in Russian).

Berger H., Bolsmann T.A.B., Brouwer D.M. In: Develop-
ments in Polymer Stabilisation- 6. Ed. by G. Scott. London:
Elsevier Applied Science Publ. 1983. P. 1-27.

Poletaeva O.Yu., Kolchin G.Y., Alexandrova A.Y.,
Movsumzade E.M., Mukhametzyanov 1.Z. A study of the
influence of geometrical and electronic structure of the mol-
ecule of antioxidant additives on the effectiveness of their ac-
tions in the fuel. ChemChemTech.. [lzv. Vyssh. Uchebn.
Zaved. Khim. Khim. Tekhnol.]. 2015. V. 58. N 6. P. 3-6 (in
Russian).

Valiev R.R., Cherepanov V.N. Practical guide to the
GAMESS software package for ab initio quantum chemical
calculations. Tomsk: Tomsk. gos. Univ. 2012. 52 p. (in Rus-
sian).

Tsirelson V.G. Quantum chemistry. Molecules. molecular
systems and solids. M.: Binom. Laboratoriya znaniy. 2010.
469 p. (in Russian).

Dorofeeva O.V., Ryzhova O.N., Moiseeva N.F. The use of
quantum-chemical calculations for determining group contribu-
tions to the thermodynamic properties of organophosphorus
compounds. Zhurn. Fiz. Khim. 2008. V. 82. N 6. P. 1064-1069
(in Russian). DOI: 10.1134/S0036024408060113.

U3B. By30B. Xumus u xum. textosorus. 2021. T. 64. Bein. 11



18.

19.

20.

21.

22.

23.

24.

Mawmenosa ILIII., bBa6aes J.P., beasieBa A.C. AuTHOKNC-
JIUTENBHBIC ¥ aHTUMHUKPOOHBIC CBOWMCTBA CEPOCOACPIKAIIIX
MPOU3BOIHBIX (eHONOB. bawkup. xum. acypun. 2016. T. 23.
Ne 4. C. 84-89.

Hcmaruniaos P.K., Mocksa B.B., Apxunos B.I1., UBanuos
A.E., Konsbuiosa JL.YO. CunTes u cBoiicta ¢pochopuanpo-
BaHHBIX 2,6-TU-TpeT-0yTHiI-4-MeTIIIeH- 2, 5-IUKII0OT eKCcaHe-
HOHOB. JKOX. 1991. T. 61. Bem. 2. C. 387-391.
Aunexcansin K.I'., Yeoan J.I'., Apacianos P.P. Cuntes u
KBaHTOBO-XHMHYECKOE UCCIIEIOBAHUE IIPOCTPAHCTBEHHO-3a-
MenieHHEIX (eronoB. Hedrempom. xumus : Marep. V Mex-
nyHap. Haydu.-mipakt. koud. (XIII Beepocc. Hayuy.-mpaxr.
koH(}.) "HedrempompicioBas xumus". Mocksa. 28 HIOHSA
2018 r. M.: U1 PI'Y medTn u raza (HUY) um. U.M. I'y0-
kuna. 2018. C. 105-106.

TyxBaryaaun P.®., Koaruuna I'.}O., MoBcym3age I.M.,
Mawmenosa ILIII., Ba6aes J.P. CuHTe3 1 MCClieJOBaHUE T'€0-
METPHU W SJIEKTPOHHOHM IUIOTHOCTH IPOCTPaHCTBEHHO-3a-
TPYIHEHHBIX (DEHOJIOB, UCTIOIB3YEMbBIX B KAUCCTBE AHTHOKHC-
JIUTENBHBIX MPUCATIOK K CMa304YHBIM MaciaM. /36. 6)308. Xu-
must u xum. mexronoeus. 2018. T. 61. Boim. 4-5. C. 84-92. DOI:
10.6060/tcct.20186104-05.5659.

HarueBa J.A., MameassipoBa X.H., A6ayainaes B.WU.,
MawmenoBa P.A. AmuHOconepxkanue amkui)CHONATHBIC
npucanku. Hepmenepepab. u negpmexumus. Hayu.-mexn.
docmudic. u neped. onvim. 2018. Ne 1. C. 39-40.

Komnuuna I'.JO., BaxTuna A.}O. MccnenoBanue aHTHOKCH-
JAHTHOM aKTHBHOCTH MPHCATOK THUIIA SKPaHHPOBAaHHBIX (e-
HONOB. JJokn. Bawxup. yn-ma. 2016. T. 1. Ne 1. C. 45-50.
Auexcansin K.I'., Ctokonoc O.A., SIpyaaun H.P. Cunre3
Y U3y4EHHUE CBOWCTB MPOU3BOJHBIX (IIOPOTITIOIMHOIMETHII-
BHOJIOTEHA B KauecTBE aHTHOKCHJAHTHBEIX J00aBOK K Mac-
nam. Mze. 6y306. Xumus u xum. mexnonozus. 2019. T. 62.
Beim. 8. C. 132-138. DOI: 10.6060/ivkkt.20196208.5993.

ChemChemTech. 2021. V. 64. N 11

18.

19.

20.

21.

22.

23.

24,

K.G. Aleksanyan et al.

Mamedov P.S., Babaev E.R., Belyaev A.S. Antioxidant and
antimicrobial properties of sulfur derivatives of phenols.
Bashkir. Khim. Zhurn. 2016. V. 23. N 4. P. 84-89 (in Russian).
Ismagilov R.K., Moskva V.V., Arkhipov V.P., Ivantsov
A.Y., Kopylova L.Y. Synthesis and properties of phosphor-
ylated 2,6-di-tert-butyl-4-methylene-2,5-cyclohexadienone.
ZhOKh. 1991. V. 61. N 2. P. 387-391 (in Russian).
Aleksanyan K.G., Cheban E.G., Araslanov R.R. Synthesis
and quantum-chemical research of spatially substituted phe-
nols. Oilfield chemistry: Materials of the V International Sci-
entific and Practical Conference (X111 All-Russian Scientific
and practical Conference) "Oilfield chemistry”. Moscow.
June 28, 2018. M.: I. M. Gubkin Russian State University of
Oil and Gas Research Center. 2018. P. 105-106 (in Russian).
Tukhvatullin R.F., Kolchina G.Y., Movsumzade E.M.,
Mamedova S.P., Babaev E.R. Synthesis and study of the
geometry and the electron density of sterically hindered phe-
nols used as antioxidant additives to lubricating oils. Chem-
ChemTech. [lzv. Vyssh. Uchebn. Zaved. Khim. Khim.
Tekhnol.]. 2018. V. 61. N 4-5. P. 84-92 (in Russian). DOI:
10.6060/tcct.20186104-05.5659.

Nagieva E.A., Mammadyarova H.N., Abdullaev B.I.,
Mammadova R.A. Amino-containing alkylphenolate addi-
tives. Neftepererab. Neftekhim. Nauch.-Tekhn. Dostizh.
Pered. Opyt. 2018. N 1. P. 39-40 (in Russian).

Kolchina G.Yu., Bakhtina A.Yu. Research of antioxidant
activity of additives such as shielded phenols. Dokl. Bashkir.
Un-ta. 2016. V. 1. N 1. P. 45-50 (in Russian).

Aleksanyan K.G., Stokolos O.A., Yarullin N.R. Synthesis
and study of properties of derivatives of phloroglucinolme-
thylviologen as antioxidant additives to oils. Chem-
ChemTech.. [lzv. Vyssh. Uchebn. Zaved. Khim. Khim.
Tekhnol.]. 2019. V. 62. N 8. P. 132-138 (in Russian). DOI:
10.6060/ivkkt.20196208.5993.

Iocmynuna ¢ peoaxyuio 05.07.2021
Ipunsma x onybnuxosanuro 16.09.2021

Received 05.07.2021
Accepted 16.09.2021

43



