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B nacmosawiee epema cyujecmeyem Heo0X00UMOCHb NOUCKA HOBLIX OP2AHUYECKUX COeOU-
HeHUIl C 8bIPAICEHHOII AHMUOKUCTIUMENbHOU CROCOOHOCmbIO. B 0annoii pabome ovi1u usyuenst no-
Kazameiu AHMUOKUCTIUMETbHOU CINAOUIbHOCIU COeOUHEHUIL, NOIYYUEHHbIX HA OCHO8e (hilopoziio-
UUHA U Memuiaphioponioyuna, u oulau 6biA671€Hbl OCHO8HbIE RPUHYUNLL cunme3a. Mexanuzm Oeii-
CMeua IMUX RPUCAOOK NOXO0IHC HA NPUHYURN OeliCHEUA NPOCMPAHCIEEHHO-3amPYOHEHHbIX (eHo108
6 Kauecmee AHMUOKUCIUMENbHOU npucaoku é monauee. Taxice cunmesuposanHvle coeOUHEHUA MO-
2ym @vlcmynams 8 Kauecmee 0eaKkmueamopos memannos. OHu nO3601A10M CHUUMD PACX00 UHZU-
bumopa okucnenus 3a cuem ux cunepeuzma. /lannsle 0eakmueamaopsvl nPeocmasaaion codoii coeou-
HeHUusA penonbHo20 muna, cooeprcaujue GYHKYHOHATbHBIE ZPYRNbL, KOMOPbIE NPUBOOAM K 0eaKmu-
eéayuu UOHA Memasia uepe3 00pa30eanue yCmouuuevlx KOMniaeKkcos. AHanu3 1umepamypHbix 0aH-
HbIX NOKA3ajl, Ymo 0713 00CHUNCEHUA HAMEYECHHOU Yell HeodXo0UMo 66ecmu 6 MOJeKy1y UMUHO-
epynny. Heobxo0umo ommemumo, 4mo smo modxcem ROHUZUMb PACHEOPUMOCHL COCOUHEHUA 8 Y2-
1€6000p0o0HOM mamepuane. /Ina peuwienus 3moii nPOd.1eMbl 8 MONEKYTIY 86005M GbICUIUE ATIKUTIbHDLE
Paoukanvl, Ymo peuiaem GO3HUKULYI0 npodaemy 6e3 yuiepdba ocnoenou 3adauu. B oannoii pabome
0bL1 cCUHmME3UPOBAH PAO AHMUOKUCTUMEIbHBIX RPUCAOOK MUNA AMUHOPeH0106. /[{na nonyyenus an-
muokucaumeJneii muna nPoOCMpPaHCmeeHHO-3ampyOHEeHHbIX (PeH0J108, CHOCOOHBIX CBA3bIGAMb KAMU-
OHbL MEMAJIN06 8 Xe/IAMHble KOMNIEKCbl, MO eCMb HOMEHYUATbHO AGNAMbCA MAK Hee 0eaKMUsamo-
pamu memannoe, ovl1 cunmesuposan pao ocnosanuii Illughgha uepes npomesricymounuiiic npooykm
ayunuposanua. B xooe padbomul Ovinu nonyuenst coomeemcmayoujue 3ameuieHnbvle mpuamuHooeH-
30161 u3 haopoznwyuna u memuagaopoznoyuna. Ilonyuennvie coeOunenun nPoAGIAIOM 8bICOKYIO
aHmMuoKucaumenvHyrw akmusnocms. Cunme3uposannsle cOeOUHEHUA OXAPAKMEPUIOBAHbL MENO-
oamu *H APM, HK-cnexmpockonuu u macc-cnekmpomempuu. Hcnvimanus coedunenuii Ha ocHose
dnopoznoyuna u MemunphaopozOUYURA NOKA3AIU, YMO HEKOMOPble U3 HUX NPOAGAAION XOPOULYIO
AHMUOKUCTUMEILHYI0 CROCOOHOCMb U MO2Ym OblMb PEKOMEHOO08AHbL 01 OalbHeluieo ux ooee
0emanbHO20 UCCTIe008AHUA, A MAKNHCE CUHME3A CIMPYKMYPOROOOOHO20 PAOA ¢ PA3IUYUHbIMU 3AMe-
cmumenamu.

KuroueBble cioBa: mpHuCcaJKd K MaciiaM, MPOCTPAHCTBEHHO-3aTPyAHEHHBIE (PEHOIBI, TPUCATKA AMHUH-
HOT'O THIIA, METHJI(IIOPOTIIIOLUH, (IIOPOTIIOLWH, AeaKTUBATOPHl METAIIIOB
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At the present time there is a need to search for new organic compounds with pronounced
antioxidant activity. In this work, we studied indicators of antioxidant stability of the compounds
obtained by the modification of the phloroglucinol and methylviologen, and identified the basic
principles of the synthesis of antioxidant additives. Moreover, the synthesized compounds can act
as metal deactivator. These deactivators are phenolic compounds containing functional groups, for
example, the iminogroup, which lead to the deactivation of the metal ion through the formation of
stable complexes. A literature review showed that in order to achieve it, iminogroup should be in-
troduced. It is worth mentioning that it can reduce the solubility of the compound in hydrocarbon.
To solve this problem, it is necessary to introduce higher alkyl radicals to the molecule. In this
paper, a number of antioxidant additives such as aminophenols were synthesized. To obtain the
antioxidants of the type of spatially hindered phenols, also able to bind cations of metals in chelate
complexes, that is, potentially able to be metal deactivators, a series of Schiff bases were synthesized
via an intermediate product of the acylation. In the course of the work the corresponding substi-
tuted triamine benzenes from phloroglucinol methyl and phloroglucinol were obtained. The result-
ing compounds exhibit high antioxidant activity. The synthesized compounds were characterized
via *H nuclear magnetic resonance, IR spectroscopy and mass spectrometry. The trials carried out
with compounds on the basis of phloroglucinol and methylviologen showed that some of them have
good antioxidant properties and can be recommended for the further more details investigation as
well as for synthesis of an array with a similar structure with various substituting groups.

Key words: oil additives, spatially hindered phenols, amine-type additives, methyl phloroglucinol,
phloroglucinol, metal deactivators

INTRODUCTION _ T_h_e basic principles of the synthesis of e_mtiox-

idant additives were revealed [3]. Thus, the main pro-

It is known that there is a need to search for  yisions of the synthesis of additives operating on the

new antioxidant additives that work by various mech-  ,inciple of hindered phenols, alkylated aminophenols,
anisms to increase the chemical stability of fuels and and also metal deactivators were identified. In this re-

petroleum oils and lubricants during storage and their gard, it can be concluded that antioxidants used in fuels
thermo-oxidative stability during engine operation at high . . .
ty geng P g and lubricants, should contain bulky substituents at the

temperatures and exposure to atmospheric oxygen [1, 2].
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radical in their structure and have a powerful electron-
donor effect [4].

The influence of mesomeric and inductive ef-
fects which distribute the unpaired electron of the re-
sulting radical over the entire molecule of the antioxi-
dant should be noted. Amino and hydroxy groups in
the range of aromatic hydrocarbons have this influence
[5,17,18]. The presence of small amounts of such dis-
solved metals as copper, vanadium, and iron in the fuel,
petroleum oils and lubricants can accelerate the oxida-
tion reactions [6]. As it was mentioned earlier, one of
the types of antioxidants are metal deactivators. It is
known that metal deactivators allow to decrease at least
by 30-35% the demand of oxidation inhibitor due to
their synergism [6].

Moreover, their concentration in fuels and lub-
ricants is much less. The concentration of metal deac-
tivators varies up to 0.1%, whereas the concentration
of antioxidants reaches 1-2.5% on average [7, 13, 14].
These deactivators are phenolic compounds containing
functional groups, for example, the imino group, which
lead to the deactivation of the metal ion through the
formation of stable complexes [8, 15]. For this purpose,
an imino group is often introduced, but it should be
noted that it can decrease the solubility of a compound
in petroleum oils and lubricants. On the other hand, the
higher alkyl radicals present in the molecule increase its
solubility. In this work, a number of aminophenol-type
antioxidant additives were synthesized [6].

DISCUSSION OF RESULTS

In our research as the starting material we used 2
triatomic phenols: 2,4,6-trihydroxybenzene 1a (phloroglu-
cinol) and 2,4,6-trinydroxytoluene 1b (methylphloroglu-

cinol). Both these substances possess high antioxidiz-
ing potential and appear as affordable raw material
[16]. It is worth mentioning that these phenols may be
obtained by reduction with the following hydrolysis of
1,3,5-trinitrobenzene and 1,3,5-trinitrotoluene on the
methodology, developed in Zelinsky Institute of Or-
ganic Chemistry of Russian Academy of Sciences [9, 10].

As the result were obtained polyaminoben-
zenes with nitrogen atoms containing phenyl radical
which improves oil solubility of the substance. 1,3,5-
tri(aminophenyl)benzene 2a and 1,3,5-tri(aminophe-
nyl)toluene 2b were synthesized with good yield from
the corresponding phenols by boiling in aniline solu-
tion in the presence of gaseous HCI.

R R
HO OH PhNH, HCI PhHN NHPh
A, 2-3h
OH R: H (a), Me (b) NHPh
1a,b 2a (40%)
2b (30%)
Scheme 1
Cxema 1

To obtain antioxidants of sterically hindered
phenols type which are able to bond metal cations into
chelate complexes, what means potentially serve as
metal deactivators, some amount of Schiff bases was
synthesized with obtaining of intermediate product of
acylation 3. Long-term boiling in aniline-ethanol solu-
tion resulted in formation of a monosubstituted product
4 with 95% yield. Substitution with n-octadecylamine
for the purpose of improvement of tribological behav-
ior resulted in formation of a trisubstituted product 5 in
similar conditions, though the yield rate decreased to 64%.

Ac
>
NPh
Ac
Ac OH Me
AcCl, AICl4 HO OH
1a 4
A, 2h Ac Ac EtOH
OH A, 22-24h Me.__NCgHs;
3 CygH3NH, H' HO OH
CigHs7N NCysHj3;
Me OH Me
5
Scheme 2
Cxema 2
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It is known that phenols may show antioxidizing
activity [10]. Diamino derivative of methylphloroglucinol
7 was obtained from the corresponding dinitro deriva-
tive. Dinitromethylphloroglucinol 6 was obtained by
its exposure to acetyl nitrate in acetic anhydride at 0 °C.

The following reduction was conducted by hydrazine
hydrate in the presence of iron (I11) chloride hexahy-
drate and activated carbon. The obtained compound re-
mains aromatic structure, which may be proved by H
NMR spectroscopy.

Me N,H,4 Me
HO OH AcONO, HO OH FeCls, Cyet HO OH
Ac,0, 0°C O,N NO, MeOH, 6h H,N NH,
OH OH
1b 7
Scheme 3
Cxema 3

The obtained compounds were tested on anti-
oxidizing ability of oils. The test is named “acid num-
ber”. For comparison we have chosen the industrial ad-
ditives, widely produced both in Russian and abroad:
ionol (Agidol-1), A-22 (Agidol-2), DF-11. As the test
samples were taken the industrial oils of viscosity clas-
ses 40 and 20 at 50 °C (I-20A and I-40A respectively)
without additives. The tests were conducted on
“APSM-1M” device on the methodology described in
GOST 5985-79.

The obtained compounds were tested on anti-
oxidizing ability and the results of the tests are pre-
sented in tables 1-3.

During the 1% stage of the test dinitromethyl-
phloroglucinol 6 and diaminomethylphloroglucinol 7
were examined. The place of acidifiable oil was taken
by 1-40A. The comparison was conducted with A-22
(Agidol-2) and DF-11 additives. The results of the test
are presented in Table 1.

Table 1
Results of tests on the first group of additives
Tabnuya 1. Pe3yabpTaThl HCILITAHUI 10 NepBO¥ rpynmne

NMPUCATOK
Name of |Per cent by |Acid number, Effl(_:lenpy n regard
additive | weight, % | mg KOH/g to oil without addi-
’ tives, %
DF-11 0.05 1.288 17
A-22 0.05 1.232 9
6 0.05 0.829 55.55
7 0.05 0.901 41.31
Oil without
additives ) 1.387 -

The obtained compounds may be used as anti-
oxidizing additives. Dinitromethylphloroglucinol 6 ap-
peared to show more efficiency than A-22 and DF-11:
the chemical stability of oil increases by almost 55%,
so the compound 6 turned out to be 38 and 44% more
effective than A-22 and DF-11 respectively. Dia-
minomethylphloroglucinol 7 showed 41,31% more ef-
ficiency in comparison to oil without additives and 24
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and 28% more efficiency in comparison to A-22 and
DF-11 respectively.
During the 2" stage of the test the compounds
4 and 5 were examined. The place of acidifiable oil was
taken by 1-22A. The comparison was conducted with
DF-11 additive. The results of the test are presented in
Table 2.
Table 2
Results of tests on the second group of additives
Taobnuya 2. Pe3ynbTaThl HCILITAHUIN 110 BTOPOii rpynime

NPHCATOK
Name of |Per cent by | Acid number, Efgluen_cly I_nhre—
additive | weight, % | mg KOH/g gar tO_QI without
’ additives, %
DF-11 0.84 0.39 31.16
4 0.84 0.41 29.31
5 0.84 0.46 20.69
Oil without
additives - 0.58 -

The compounds possess good oil solubility.
The obtained results prove that the synthesized com-
pounds may be used as the new type of industrial anti-
oxidizing additives.

Further on, the ability to inhibit oxidizing pro-
cesses proved 1,3,5-tri(phenylamino)benzene 2a and
2-methyl-1,3,5-tri(phenylamino)benzene 2b. The re-
sults of the test are presented in Table 3.

Table 3
Results of tests on the third group of additives
Tabnuya 3. Pe3yabTaThl HCHIBITAHMI 0 TPEThei
Ipynie npucagok

Efficiency in
Name of | Per centby | Acid number, | regard to oil
additive | weight, % mg KOH/g | without addi-
tives, %
lonol 0.25 2.795 10
2b 0.25 2.273 27
2a 0.25 2.030 35
Oil without
additives | °2° 3112 -
135
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The compounds presented the perfect antiox-
idizing ability, appeared to be more effective in com-
parison to ionol and, in addition, possess good solubility.

EXPERIMENTAL STAGE

The structure of the synthesized compounds is
verified by Fourier-transform infrared spectroscopy
(FTIR) and *H NMR spectroscopy, mass spectrometry.
IR-spectrum data was obtained from Fourier-transform
infrared spectrometer FSM-1201 with 2 cm™ resolu-
tion with number of scans equal to 32 in KBr pellet.
!H-NMR spectra solutions in DMSO-d6 were regis-
tered on Bruker AM-300 device. All the experiments
were conducted according to the standard methodics of
Bruker company. The chemical shifts are presented
relative to Me4Si. The values of coupling constant are
presented in Hz. Mass spectra were registered on MS-
30 Kratos device (El, 70 eV). For all of the synthesized
compounds parent peak M+ was observed. The melt-
ing point of the obtained compounds was measured on
the open capillary method. Monitoring of reaction was
conducted on TLC method on Silufol plates.

1,3,5-Tri(aminophenyl)benzene 2a

0.3 g (2.378 mmol) of 1a and 0.10 ml of aniline
were added into a 3-neck flask. The solution had been
boiled for 2 h while being stirred with gaseous HCI be-
ing passed through. Monitoring of reaction was con-
ducted on TLC method (PhMe:i-PrOH, 10:1). Then
aniline was distillated, the solution was cooled and 3 ml of
concentrated hydrochloric acid were added. Then the
precipitate was filtered and rinsed several times with
ethanol. As the result 0.334 g of light-purple powder
were obtained (yield 40%). Tm = 193-194 °C.

'H NMR (300 MHz, DMSO-d6, §, m.1.): 7.99
(s, 3H, NH), 7.23 (t, 6H, Ar, J = 7.7 Hz), 7.09 (d, 6H,
Ar, J = 8.0 Hz), 6.80 (t, 3H, Ar, J = 7.2 Hz), 6.36 (s,
3H, Ar). MS: m/z351.

2-Methyl-1,3,5-tri(phenylamino)benzene 2b

0.3 g (2.141 mmol) of 1b were dissolved in 10 ml
of aniline. The solution had been boiled for 3 h while
being stirred with gaseous HCI being passed through.
Then aniline was distillated. After that the product was
precipitated with i-PrOH mixture: petroleum ether
(3:2). Then the precipitate was filtered, rinsed with hot
water and air dried. As the result 0.235 of green crys-
tals were obtained (yield 30%). Tm = 165-166 °C.

'H NMR (300 MHz, DMSO-d6, 8, m.x1.): 10.51
(s, 2H, NH), 8.43 (s, H, NH), 7.4 (s, 3H, Ar), 7.2-7.4 (m,
6H, Ar), 6.5 (s, 2H, Ar), 5.5 (s, 6H, Ar), 2.3 (s, 3H, CHy).
MS: m/z365.

2,4,6-Triacetyl-1,3,5-trihydroxybenzene 3

To the stirred suspension of 8 g of anhydrous
AICI; in 20 ml of acetyl chloride being cooled slowly

136

2 g (15,859 mmol) of la dehydrate were added. The
obtained mixture had been boiled for 2 h. To the reac-
tion mass 5 ml of 10% HCI solution and 90 ml of water
were added. The produced precipitate was filtered and
rinsed with water and EtOH. As the result 2,86 g of
white needle-like crystals were obtained (yield 71%).
Tm = 202-203 °C (EtOH).

IR (em'KBr): 3428.0,1621.2, 1578.8, 1297.7;

'H NMR (300 MHz, DMSO-d6, 8, m.11.): 17.17
(s, 3H, OH), 2.73 (s, 9H, C(O)CHs). MS: m/z 252.

1,1'-(2,4,6-Trihydroxy-5-(1-(phenylamino)
ethyl)-1,3-fenilene)bis(ethan-1-one) 4

To the solution of 3 g of aniline in 50 ml of
EtOH 0.5 g (1.982 mmol) of 4 were added. The reac-
tion mass had been boiled while being stirred for 22 h.
Then the product was cooled and the precipitate was
filtered. As the result 0.61 g of material were obtained
(yield 95%). Tm = 152-153 °C (EtOH).

'H NMR (300 MHz, DMSO-d6, 8, m.11.):17.42
(s, 3H, OH), 2.62 (s, 6H, C(O)CHs), 2.42 (s, 3H,
CH3CN), 6.87 (m, 2H, Ar), 7,29 (m, 2H, Ar), 6.96 (m,
1H, Ar). MS: m/z 327.

2,4,6-Tris(1-(octadecylamino)ethyl)benzene-
1,3,5-triol 5

To the solution of 11 g (40.815 mmol) of n-
octadecylamine in 140 ml of EtOH 1 drop of H2SO4
was added. The solution had been boiled while being
stirred for 30 min. Then 3 g (11.894 mmol) of 3 were
added. Then the solution had been boiled while being
stirred for 23 h. After that the reaction mass was cooled
to the room temperature and the produced precipitate
was filtered. As the result 3.44 g of white material were
obtained (yield 30%). Tm = 131-132 °C (EtOH).

'H NMR (300 MHz, DMSO-d6, 3, m.x1.): 17.35
(s, 3H, OH), 2.35 (s, 9H, CH3CN), 0.87-0.89 (t, 9H,
CH3(CH2)16), 1.25-1.28 (m, 68H, (CH.)1s), 3.68-3.70
(m, 6H, CH2CN).

2-Methyl-4,6-dinitro-benzene-1,3,5-triol 6

To 10 ml of a cooled to -5 °C acetic anhydride
slowly 2 ml of concentrated HNOs were added drop-
wise. After that while stirring 0.6 g (4.281 mmol) of 1b
were added in portions. The solution had been stirred
for 1,5 h at the temperature of 0 °C. Then the solvent
had been distillated under decreased pressure. As the
result 0.562 g of dark-orange crystals were obtained
(vield 57%). Tm = 145-146 °C (Et;0).

IR (cm?, KBr) 1626, 1572, 1540, 1510, 1475,
1433, 1352, 1307, 1186, 1154; *H NMR (300 MHz,
DMSO-d6, 8, m.o.): 2.15 (s, 3H, CHs), 11.23 (s,
1H,0H),10.81 (s, 2H,OH). MS: m/z230.

2,4-Diamino-6-methylbenzene-1,3,5-triol 7

While stirring 0.5 g (2.938 mmol) of 6 were
dissolved in 20 ml of MeOH at 50 °C. To the produced
solution 0.2 g of activated carbon and 0.016 g (2% mol)

W3B. By30B. XumMus u xuM. TexHonorus. 2019. T. 62. Beim. 8
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FeCl;-6H.0 were added. Then 0.72 ml (14.832 mmol)
of N2H4-H20 in 3 ml of MeOH were added dropwise.
The solution had been boiled while being constantly
stirred for 6 h. After that the reaction mass was cooled
and filtered. The filter was boiled out. As the result
0.265 g of white crystals were obtained (yield 53%).
Tm = 182-183 °C (EtOH).

'H NMR (300 MHz, DMSO-d6, 8, m.1.): 9.58
(s, 1H, OH), 9.42 (s, 2H, OH), 4.66 (s, 4H, NH>), 2.16
(s, 3H, CH3). MS: m/z170.

CONCLUSION

In the course of the work the corresponding
substituted triamine benzenes were obtained from
phloroglucinol methyl and phloroglucinol. Moreover,
via a reaction of condensation with aniline and n-octa-
decylamine Schiff bases were obtained [13].

The previously undocumented nitration reac-
tions of unsubstituted methyl phloroglucinol were
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studied and a new method of reduction of nitrated de-
rivative of methyl phloroglucinol was created. The an-
tioxidant properties of the synthesized compounds
were investigated. The obtained compounds can be
recommended as antioxidant additives to oils on a par
with industrial additives [20-21].

RESULTS

A series of previously undocumented deriva-
tives of phloroglucinol and methyl phloroglucinol was
described.

All the synthesized compounds were tested for
antioxidant properties.

The compounds 2a, b, 6, 7 proved to be more
effective in comparison with the existing industrial ad-
ditives and can be recommended for further trials as
antioxidants for petroleum products and lubricants.
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