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Abstract

Objectives. The work set out to synthesize tertiary amines comprising derivatives of morpholine and piperidine containing a 1,3-dioxolane
or gem-dichlorocyclopropane fragment, as well as quaternary ammonium salts based on them. In order to determine the process conditions
(duration and temperature of the reaction) under which the maximum possible yield of the target quaternary ammonium salts is achieved,
the effect of the halide structure on the yield of ferf-amines and their subsequent salts was evaluated. The study also aimed to establish
the structural and spatial structure of the obtained carbo- and heterocyclic amines and salts based on them, as well as to evaluate the
anticorrosive properties of the obtained products in a hydrogen sulfide medium.

Methods. The target compounds, such as tertiary amines and quaternary ammonium salts (QAS), were obtained by classical methods
of organic synthesis consisting of alkylation and condensation of the corresponding amines of various structures. Preparation of QAS
was carried out using a microwave system for organic synthesis via microwave activation on a Sineo device (China). The qualitative
and quantitative composition of the reaction masses was determined using gas—liquid chromatography (Crystal 2000 hardware and
software complex), while mass spectroscopy was carried out on a Chromatec-Crystal 5000M device with a NIST 2012 database).
ABruker AM-500 device having operating frequencies of 500 and 125 MHz was used to perform nuclear magnetic resonance spectroscopy.

Results. Tertiary amines containing a cycloacetal or gem-dichlorocyclopropane fragment were obtained under thermal heating conditions.
By carrying out their condensation in excess halides using microwave radiation, new quaternary ammonium salts were synthesized with
a yield close to quantitative. Anticorrosive activity was estimated for the obtained cyclic compounds. 4-Allyl-4-[2-(1,3-dioxolan-2-yl)-
ethyl]morpholinium chloride was determined to have the maximum protective effect in a hydrogen sulfide medium with a protection
level of 91%.

Conclusions. Tertiary amines containing a cycloacetal or gem-dichlorocyclopropane fragment were obtained under the proposed
conditions. Such substances are in demand as intermediates in the synthesis of quaternary ammonium salts having anticorrosive activity.
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AHHOTaUuS

Hean. CunTe3upoBaTh TPETHYHBIE aMHHBI — IPOW3BOIHBIE MOP(OIMHA U NHIEPHIUHA, copepxarue 1,3-THOKCOIaHOBBIH HIH
2eM-TTXIIOPIUKIIONPOIIAHOBBII ()parMeHT, a TaK)Ke YeTBEPTUIHBIE aMMOHHEBEIE COJIM Ha MX OCHOBE. OICHHUTH BIUSIHUE CTPOCHHS rajio-
TeHHJIOB Ha BBIXOJl /1pen-aMHUHOB M HX TIOCIEAYIONHX cosieid. OnpeaenuTs ycaoBHs (AIUTEIBHOCTD H TEMIIEPATypy PeaKkIny) poBe/ie-
HUS IIpoliecca, IpU KOTOPBIX JOCTUrAeTCsl MAKCUMAIbHO BO3MOMKHBII BBIXO]] LIEJIEBbIX YETBEPTUYHBIX AMMOHUEBBIX COJICH. YCTaHOBUTH
CTPYKTYpHOE M HPOCTPAHCTBEHHOE CTPOCHHE ITOJIYYEHHBIX Kap0O- W TeTepOLUKINYECKHX aMHHOB M COJeH Ha MX OCHOBE, a TaKiKe
OLICHUTb aHTUKOPPO3UOHHBIC CBOWCTBA IOJIlyUYCHHBIX [IPOLYKTOB B CEPOBOJOPOIHOH cpeie.

Mertonasl. LleneBbie coenHEHN, TaKHEe KaK TPETHIHBIC aMUHBI U YeTBepTHIHBIE aMMoHHeBbIe comn (HAC), ObIM MOITydIeHBI KJIacCH-
YEeCKIMH COCO0aMH OPraHUIeCKOTO CHHTE3a — aJKHINPOBAHUEM M KOHAEHCAINEH COOTBETCTBYIONINX AMIHOB PA3JIMIHOTO CTPOCHHSI.
[Momyuenne YAC GbUIO OCYIIECTBICHO C MCIIONB30BAHMEM MHKPOBOJIHOBOI CHCTEMBI JUIS IPOBEJCHHUS OPTaHUUECKUX CHHTE30B Me-
TOJIOM MHKPOBOJIHOM akTHBanuu Ha npubope «Sineo» (Kurait). KauecTBeHHBIH U KOIMYECTBEHHBIH COCTaB PEAKIIMOHHBIX Macc ObIIH
oTIpeeNIeHbI Ta30KUIKOCTHOHM XpoMarorpadueii (Ha ammaparHO-iporpaMMHoM Komruiekce «Kpucramn 2000»), Macc-CeKTpoCKOIHel
(ma mpubope «Xpomarak-Kprcramr 5000M» ¢ 6a30if NIST 2012) u criekTpocKomHei sS1epHOro MarHUTHOTO pe30oHaHca (Ha mpubope
«Bruker AM-500» ¢ pabourmu gactoramu 500 u 125 MI'm).

Pesyibrarhl. B yCloBHsAX TEPMHYECKOTO HArpPEBa MOJIy4YCHbI TPETHYHBIC AMHHbI, COACPIKALINE [IMKIOAIETANBHBIN WIH 2em-IAuXJIop-
LIMKJIONPONAHOBBIA (pparMeHThl, KOHACHCALMS KOTOPBIX B H30BITKE IAJIOTCHUJIOB C HCIIOJIB30BAHHMEM MHUKPOBOJHOBOTO H3IYYCHUS
I03BOJIMJIa CHHTE3HPOBATh HOBBIC YCTBCPTHYHBIC AMMOHHEBBIC COJIM C BBIXOOM, OJM3KMM K KOJIMYECTBCHHOMY. J[JISi HOIy4YECHHBIX
LUKJINYECKUX COCIMHEHHI ObliIa OLICHCHA aHTHKOPPO3MOHHASI aKTUBHOCTh. OINpe/esieHO, YTO MaKCUMAJIbHBIM 3alUTHBIM d(dexTom
B CEPOBOAOPOIHOI cpere obnanaet 4-ammn-4-[2-(1,3-auokconan-2-m)3 T [MOpHOTMHAYM XJIOPHI, KOTOPBIH UMEET CTEIICHB 3alIHUTHI,
paBuyio 91%.

BriBoabl. B npeuioxkeHHbIX yCIOBUAX OBUTH MOTYUYEHB TPETUUHBIE AMHHBI, COJEPIKAIINE IIMKIIOAIETAIbHBINA WITH 2eM-ANXTOPIHUKIO-
MPONAHOBBIH (parMeHThl. TpeTHUHbIE aMUHBI CIY’KAT MPOMEXYTOYHBIMHU MPOAYKTAMH B CHHTE3€ YETBEPTUUHBIX aMMOHUEBBIX COJICH,

001a[afoIMX AaHTHKOPPO3HOHHON aKTHBHOCTBIO.
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Ha UX OCHOBe. Tonkue xumuueckue mexnonoauu. 2025;20(3):193-202. https://doi.org/10.32362/2410-6593-2025-20-3-193-202

INTRODUCTION

Cyclic amines such as morpholine, piperazine, and
piperidine, which are widely used in the synthesis
of a wide range of biologically active products, are
produced on an industrial scale [ 1-3]. The tertiary amines
and their derivatives containing 1,3-dioxacycloalkane
or gem-dichlorocyclopropane fragments obtained on

their basis exhibit various forms of biological activity,
such as antifungal (fungicidal), bactericidal (biocidal),
herbicidal, etc. [4, 5]. Nitrogen-containing heterocyclic
compounds are additionally used in the design and
synthesis of quaternary ammonium salts (QAS) with
antimicrobial properties [6, 7]. It should be noted that
QAS containing gem-dichlorocyclopropane fragment
exhibit antibacterial activity against Escherichia coli,
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Klebsiella  pneumoniae,  Staphylococcus — aureus,
Acinobacter Baumanii [8]. Prof. A. Vereshchagin, who
synthesized QAS on the basis of cyclic acetals of pyridine
aldehyde and hydroxypyridine esters, established
their ability to inhibit the growth of gram-positive
and gram-negative bacteria, fungi, and some viruses
in low concentrations [9-11]. The series of works
by Acad. A.L. Maksimov et al. demonstrate various
applications of acetals in petrochemistry [12—-14]. For
example, cyclic acetals, which are well dispersed in
lubricating compositions, can be used as active high-
octane components of anti-wear additives in diesel
fuel and other energy carriers to reduce the corrected
diameter of the wear spot [15—17]. Heterocycles and
their analogs or derivatives (esters, amides and salts)
have antioxidant properties and inhibit acid corrosion
of metals [18, 19].

Thus, the synthesis of new QAS containing
1,3-dioxacycloalkane and gem-dichlorocyclopropane
structures seems to be important and relevant in terms
of the creation of new petrochemical reagents and
pharmacological preparations.

We previously showed that quaternary ammonium
salts derived from 2-chloromethyl-gem-dichlorocyclo-
propane and 4-chloromethyl-1,3-dioxolane are catalytic
in the O-alkylation reaction of 2,2-dimethyl-4-
oxymethyl-1,3-dioxolane with allyl chloride [20].

Inthe present study, new fert-amines and salts based on
them were prepared using 1,1-dichloro-2-(chloromethyl)-
2-methylcyclopropane and 2-bromoethyl-1,3-dioxolane
to evaluate the anticorrosion activity of the obtained
compounds.

MATERIALS AND METHODS

During the process of analyzing reaction masses,
the mass spectra of compounds were recorded on the
Chromatek-Crystal 5000M hardware-software complex
(Chromatek, Russia) with the NIST 2012 database
(National Institute of Standards and Technology,
USA). The analysis conditions were as described in
the article [9]. The electron impact ionization method
was used to obtain mass spectra of compounds. 'H and
13C nuclear magnetic resonance (NMR) spectra were
recorded on a Bruker AM-500 spectrometer (Bruker
Corporation, USA) with operating frequencies of
500 and 125 MHz, respectively; the used solvent was
deuterated chloroform CDCI,. Chemical shifts are given
on the d scale (ppm) relative to tetramethylsilane as
internal standard. The spin-spin interaction constants (/)
are given in Hz.
1,1-Dichloro-2-(chloromethyl)-2-methylcyclo-
propane 3 was prepared by dichlorocarbenylation
of 2-methyl-3-chloropropene-1 (CAS 1563-47-3)

under interfacial catalysis conditions following
a similar procedure as presented in [9]. Morpholine
(CAS 110-91-8), piperidine (CAS 110-89-4) and
2-bromoethyl-1,3-dioxolane 4 (CAS 4360-63-8) are
commercially available reagents.

Synthesis of compounds 5-7
under thermal heating conditions

The flask was loaded with 0.002 mol of amine
(0.17 g of morpholine or piperidine), 0.004 mol of
halide (0.69 g of 1,1-dichloro-2-(chloromethyl)-2-
methylcyclopropane 3 or 0.72 g of 2-bromoethyl-
1,3-dioxolane 4) and 20 mL of dimethylformamide.
The reaction mixture was stirred at 100°C for 8-11 h
until complete conversion of the amine (control by
gas—liquid chromatography). The mixture was washed
with water, extracted with methylene chloride, and
evaporated. The target product was isolated by vacuum
distillation.

4-[2,2-Dichloro-1-methylcyclopropyl)methyl]-
morpholine §. Colorless liquid. 7, = 98-99°C
(5 mm Hg). Yield 90% (0.40 g). '"H NMR spectrum,
o, ppm (J, Hz): 1.32 d (2H, CH,, J 4.14), 1.67 s (3H,
CH,), 2.43 d (4H, 2CH,, J 4.14), 2.57 d (2H, CH,,
J12.74),3.71 d (4H, 2CH,, J 4.11). 3*C NMR, &, ppm:
19.98 (CH,), 28.61 (C), 31.23 (CH,), 53.32 (2 CH,),
62.79 (CH,), 66.75 (C), 66.97 (2CH,). Mass
spectrum m/z (I, %): 222.98/224.99/226.99 (15/10/4),
187.99/190.02 (13/4), 127.02/129.02 (18/5), 124.06 (30),
99.89/101.05 (100/27), 84.99/87.00 (30/10),
73.03/74.91 (18/5), 56.00 (60).

1-[2,2-Dichloro-1-methylcyclopropyl)methyl]-
piperidine 6. Colorless liquid. T, 93-95°C
(5 mm Hg). Yield 93% (0.41 g). 'H NMR spectrum,
o, ppm (J, Hz): 1.10 d (2H, CH,, J 6.03), 1.65 s
(3H, CH,), 1.64-1.75 m (6H, 3CH,), 2.33 dd
(4H, 2CH,, J 8.8), 2.61 d (2H, CH,, J 12.01).
13C NMR, dc, ppm: 19.81 (CH;), 23.01 (CH,),
23.55 (2CH,), 28.73 (C), 31.26 (CH,), 57.39 (2CH,),
62.81 (CH,), 66.71 (C). Mass spectrum m/z (I, %):
221.01/223.01/225.01 (10/6/2), 186.01/188.01 (10/5),
138.07 (30), 124.06 (30), 97.92/99.08 (100/31),
83.02/85.03 (30/6), 69.06/71.05 (28/8), 55.00 (55).

4-[2-(1,3-Dioxolan-2-yl)ethylJmorpholine 7. Colorless
liquid. 7, = 101-102°C (5 mm Hg). Yield 95%
(035 g). 'H NMR spectrum, §, ppm (J, Hz):
1.82-1.85 m (2H, CH,), 2.39-2.44 m (6H, 3CH,),
3.65-3.68 m (4H, 2CH,), 3.80 d (2H, CH,, J 3.67),
391 d (2H, CH,, J 3.73), 4.88 t (1H, CH, J 9.56).
3C NMR, dc ppm: 30.99 (CH,), 40.96 (CH,),
53.64 (2CH,), 64.80 (2CH,), 66.84 (2CH,), 103.13 (CH).
Mass spectrum m/z (I, %): 188.14 (2), 114.06 (100),
101.09 (25), 86.00 (22), 70.02 (52), 56.03 (44).
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Synthesis of compounds 11-13
under microwave heating conditions

The flask was loaded with 0.002 mol of tert-amine
(0.44 g of amine 5 or 6 or 0.37 g of amine 7), 0.004 mol
(0.68 g of benzyl bromide 8, 0.58 g of amyl bromide 9 or
0.3 g of allyl chloride 10) and 20 mL of methyl isobutyl
ketone. The reaction mixture was stirred under microwave
irradiation (MWI) conditions at 30°C for 2—4 h until
precipitation. The mixture was filtered off, the residue
on the filter was washed with hexane (2 x 100 mL) and
dried under vacuum.
4-Benzyl-4-[-2,2-dichloro-1-methylcyclopropyl)-
methylJmorpholinium bromide 11. Brown powder.
T o = 167°C. Yield 95% (0.75 g). "H NMR spectrum,
8, ppm (J, Hz): 1.67 s (3H, CH,), 1.65 d (1H, CH,,
2J 7.7), 1.90 d (1H, CH,, J 7.4), 3.22 d (4H, 2CH,,
J 4.37), 3.49 d (2H, CH,, J 10.87), 3.98 d (4H, 2CH,,
J 9.98), 4.83 s (2H, CH,), 7.55-7.61 m (5H, Ph-).
3CNMR, 8¢, ppm: 19.60 (CH,), 26.07 (C), 31.44 (CH,),
60.00 (CH,), 60.59 (2CH,), 63.50 (CH,), 65.99 (2CH,),
129.32 (2CH), 127.07 (CH), 128.52 (2CH), 134.22 (C).
1-Butyl-1-[2,2-dichloro-1-methylcyclopropyl)-
methyl]piperidinium bromide 12. Brown powder.
T = 162°C. Yield 92% (0.66 g). 'H NMR spectrum, 3,
ppm (J, Hz): 0.93 s (3H, CH,), 1.01 d (2H, CH,, J 10.87),
1.23-1.29 m (10H, 5CH,), 3.57-3.61 m (4H, 2CH,),
3.41 d (2H, CH,, J 4.77), 4.03 d (2H, CH,, J 12.03).
BCNMR, 8¢, ppm: 13.31(CH,), 19.82 (CH,), 19.89 (CH,),
21.56 (CH,), 23.29 (2CH,), 23.05 (CH,), 29.34 (CH,),
28.74 (C), 67.45 (2CH,), 67.89 (CH,), 68.41 (CH,).
4-Allyl-4-[2-(1,3-dioxolan-2-yl)ethylJmorpholinium
chloride 13. Brown powder. 7, ., = 145°C. Yield 98%
(0.51 g). "H NMR spectrum, 8, ppm (J, Hz): 1.25-1.34 m
(2H, CH,), 3.03-3.12 m (6H, 3CH,), 3.34-3.41 m (4H,
2CH,), 3.80d (2H, CH,,/5.79),3.98 d (2H, CH,,J 5.72),
5.55d (1H, CH, J 6.16), 5.70 dd (2H, CH,, J 10.55),
5.90-6.01 m (1H, CH). *CNMR, 8, ppm: 31.03 (CH,),
43.28 (CH,), 51.07 (2CH,), 59.94 (CH,), 63.73 (2CH,),
67.56 (2CH,), 103.55 (CH), 125.86 (CH,), 127.32 (CH).

Methodology for determination

of anticorrosive activity of substances
in a hydrogen sulfide-containing
environment

The electrochemical method was used to study the
anticorrosive activity of substances. Electrochemical
analysis was carried out on the Monikor-2M corrosion

rate analyzer (Akurs-M, Russia). The device includes
two electrodes made of St3 steel (properties of St3 steel,
requirements to chemical composition, control methods,
and data on international quality standard are listed
in GOST 380-2005'). Prior to testing, the surface of
steel electrodes was prepared using emery paper #180,
followed by emery paper #240, in the direction of
the electrode length. The prepared electrode samples
were degreased with dimethyl ketone (Vekfon, Russia)
immediately before carrying out the test. Next, the
electrodes were activated by means of three-stage
washing. The test substance (volume of 0.25 mlL)
was dissolved in 25 mL of ethyl alcohol (Ruskhim,
Russia). Cylindrical laboratory cells were filled with
the calculated amount of 3% sodium chloride solution
(Lenreaktiv, Russia) and purged for 30 min with nitrogen
(Orenburg, Russia). After purging, the calculated amount
of hydrogen sulfide water? and 1.25 mL of dissolved
substance in alcohol were poured into the medium. Then
the electrodes were immersed in an electrochemical cell
pre-filled with the test medium and the corrosion rate was
determined for a period of 60 min. To obtain convergent
and reliable results, parallel tests of 2 cells with the same
medium were performed and arithmetic mean values of
the obtained corrosion rates were calculated.

The braking coefficient was calculated by the formula:

P,
AZ—O, where P, is the depth corrosion rate of the
1
sample in solution without corrosion inhibitor, mm/year;
P, is the depth corrosion rate of the sample in solution
with corrosion inhibitor, mm/year.

RESULTS AND DISCUSSION

Morpholine 1 and piperidine 2 were converted
to the corresponding tertiary amines 5-7 by
N-alkylation  of  1,1-dichloro-2-(chloromethyl)-2-
methylcyclopropane 3  and  2-B-bromoethyl-1,3-
dioxolane 4, which, upon action of benzyl bromide 8,
butyl 9, or 3-chloro-propene-1 10, formed the
corresponding quaternary ammonium salts 11-13 in
quantitative yields (Scheme).

Under the selected conditions (100°C, 8-11 h),
the yield of tertiary amines 5-7 was 90-95%.
Dimethylformamide was used as a solvent since its use
reduces the synthesis time by 2—4 times as compared
to toluene without reducing the yield and selectivity of
formation of target compounds 5-7.

I GOST 380-2005. Interstate Standard. Common quality carbon steel. Grades. Moscow: Standartinform; 2007.

2

Hydrogen sulfide water was prepared independently by mixing sodium sulfide and table salt solutions with hydrochloric acid. The concentration
of hydrogen sulfide water was determined by the titration method.
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Scheme. Obtaining target salts 11-13

Quaternary ammonium salts containing acetal or
gem-dichlorocyclopropane fragments 11-13 were obtained
by condensation of tertiary amines 57 with an excess
of halides 8-10 in 70-90% yield. MWI was successfully
used for the synthesis of these QAS to prepare salts 11-13
at 30°C in 24 h in quantitative yields; conversely,
thermal heating (40—100°C) required 68 h (Table 1).

Amines containing carbo- and heterocyclic fragments
(acetal and cyclopropane groups) and the corresponding

salts obtained on their basis are known to exhibit
anticorrosion properties in acidic and hydrogen sulfide-
containing media and can thus be effective inhibitors of
corrosion of low-carbon and low-alloy steels [21]. While
continuing to conduct studies in this field, we have
investigated the anticorrosion activity of the obtained
tert-amines 5-7 and salts 11-13 in hydrogen sulfide-
containing medium, which is widespread in hydrocarbon
production processes.

Table 1. Condensation of tertiary amines 57 with excess halides 8-10 and under the influence of thermal heating

and microwave radiation 11-13

Reaction condition Reacti
Initial compounds ithig? Yield, % Heating type
T, °C Reaction time, h P
100 7 80 Thermal
5 8 11
40 3 95 MWI
90 8 70 Thermal
6 9 12
60 4 92 MWI
6 90 Thermal
7 10 40 13
2 98 MWI

Note: methyl isobutyl ketone solvent.
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Table 2. Protection degree and inhibition coefficient of substances 57, 11-13 in hydrogen sulfide-containing environment

Compound number Corrosion, mm/year Protection degree, % Inhibition coefficient
5 0.78 23 1.31
6 0.29 71 3.51
7 0.23 78 4.47
11 0.18 82 5.58
12 0.11 89 9.23
13 0.08 91 11.61

Compound 13 showed the highest anticorrosion
activity with a protection degree of 91% (inhibition
coefficient = 11.61). Amines 5-7 showed protection
efficiency in the range from 23 to 78% (inhibition
coefficient = 1.31-4.47). We note that the degree of
protection of salts 11-13 slightly exceeds the similar
index (50%) of reagents used in oil production [22].
This may be assumed to be due to the presence of
alkyl substituents in molecules 12 and 13, leading to an
increase in hydrophilicity and solubility in the corrosive
environment, which in turn, according to [23], increases
the inhibitory effect of organic compounds.

CONCLUSIONS

Thus, tertiary amines containing cycloacetal or
gem-dichlorocyclopropane fragments were obtained
under thermal heating conditions. Condensation of
tertiary amines in an excess of halides using MWI
allowed the synthesis of new quaternary ammonium
salts in near quantitative yields. The anticorrosive
activity was evaluated for the tertiary amines. 4-Allyl-
4-[2-(1,3-dioxolan-2-yl)ethylJmorpholinium  chloride
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