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Abstract. Introduction. Morpholine is a promising and versatile six-membered heterocycle, a
popular pharmacophore with a wide spectrum of biological and pharmacological activity. The purpose of
this work is the synthesis of biologically active compounds, based on 3-morpholinepropylamine, the
determination of the structure and biological activity of the synthesized compounds. Results and
discussion.  Acetic,  propionic,  benzoic,  4-chlorobenzoic and  2,4-dichlorobenzoic  3-
morpholinopropylcarbamothioic thioanhydrides have been synthesized as a result of acylation of sodium
3-morpholylpropylcarbadithioate with the corresponding acid’s chlorides. The synthesis has been carried
out in acetone at the room temperature for 2 — 3 h. The structure of the synthesized compounds has been
established on the basis of the elemental analysis data, IR spectra, H and *C NMR spectroscopy.
Conclusion. As a result of the laboratory and field tests, it has been found that the use of
morpholinopropylcarbamothioic thioanhydrides contribute to an increase in the seed shoot formation of
wheat and spruce. Propionic 3-morpholinopropylcarbamothioic thioanhydride activates at a concentration
of 0.01% the seedlings length of wheat seeds up to 5.1 cm and increases the germination of shoots up to
88%, and on spruce seeds, the seedlings length is 7.3 cm and the germination of shoots is 87% as
compared with the control (4.4 cm, 86% and 4.0 cm, 84%), respectively. Benzoic (3-
morpholinopropyl)carbamothioic thioanhydride has shown at a concentration of 0.01% a high shoot-
forming ability, the length of shoots by cutting Spiraea Vanhouttei is on average 3.91 cm, as compared
with the control (1.63 cm) and with the preparations Kornevin (2.58 cm) and KN-2 (3.59 cm).
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1. Introduction

Compounds, containing a morpholine molecule, are still considered one of
the most demanded structural pharmacophores for the creation of medicinal
preparations with a wide spectrum of effects [1]. Morpholine derivatives are
widely used in medicine, such as antibiotic Linezolid [2], psychostimulant
Phenmetrazine [3], antidepressant Moclobemide and antitumor preparation
Gefitinib [4].

For decades, scientists have been synthesizing compounds involving the
morpholine ring, which has led to the synthesis of pharmacophore substances
responsible for the anti-inflammatory, antiviral, antimicrobial, anticonvulsant,
antioxidant and antitumor activities [5, 6].

Morpholine derivatives have found application as solar cells [7], fluorescent
probes for the detection of HCIO [8] and Hg?* [9], surfactant as a collector for the
reverse flotation separation of halite from carnallite ore [10, 11], and are also
effective materials for protecting marine vessels from biocorrosion [12]. In
addition, the preparation “Fenpropimorph” is widely used in agriculture as a
fungicide for crops.

The analysis of scientific and technical literature shows that increased
interest in morpholine derivatives is associated with a wide range of practically
useful properties of these compounds, many of which are used both in the
chemical industry and in medicine.

2. Experimental part

The progress of the reactions and the purity of the products were monitored
by thin-layer chromatography on Silufol UV-254 plates with the display of spots
of the compounds with iodine vapor, eluent ethanol/benzene (1/3) and acetone/
hexane (1/4). The IR spectra were recorded on a Nicolet 5700 spectrometer in
tablets with KBr. The melting points of the compounds were determined on a
Hanon MP450 instrument. The *H and *C NMR spectra of the compounds were
recorded on a JINM-ECA 400 spectrometer (Jeol) with the operating frequency of
400 (*H) and 100 MHz (*3C) in the deuterated DMSO-ds solution. The elemental
analysis was carried out on a Rapid Micro N Cube elemental analyzer (Elementar,
Germany).

Acetic (3-morpholinopropyl)carbamothioic thioanhydride (1). A solution of
0.31 g (0.0036 mol) of acetic chloride was added dropwise to a solution of 1 g
(0.0036 mol) sodium (3-morpholinopropyl)carbamodithioate in 20 ml of acetone
with stirring. The mixture was stirred at the room temperature of 22°C for two
hours. The solvent was distilled off in a water-jet pump vacuum, the product was
isolated by recrystallization from hexane. Yield 0.5 g (50%), Rs 0.36
(ethanol/benzene, 1/3), m.p. 168 °C. Found, %: C 45.93; H 7.05; N 10.79; S
24.57. CyoH1sN20,S,. Calculated, %: C 45.77; H 6.91; N 10.68; S 24.44. IR
spectra (KBr), v, cm™: 618 (C-S), 1106 (C=S), 1645 (C=0), 3155 (NH). NMR H
spectra (DMSO-dg), 8, ppm: 2.46 (s, 3H, CH3); 1.77 (m, 2H, CHy); 3.03 (t, 2H,
CH2NH); 2.46 (t, 2H, CH2N-); 3.05 (t, 4H, N(CH>)»); 3.85 (t, 4H, O(CH,).); 8.12
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(s, 1H, NH). NMR C spectra (DMSO-ds), 5, ppm: 23.1 (CHs); 23.0 (CH>); 36.3
(CH2NH); 40.6 (N-CH2); 54.4 (N(CHy2)2); 63.6 (O(CHz)2); 169.9 (C=0); 173.3
(C=S).

Propionic  3-morpholinopropylcarbamothioic  thioanhydride (2) was
synthesized in a similar way. Yield 0.7 g (70%), R¢ 0.12 (ethanol/benzene, 1/3),
m.p. 180°C. Found, %: C 47.69; H 7.48; N 10.02; S 23.43. Ci11H2N20,S..
Calculated, %: C 47.80; H 7.29; N 10.13; S 23.20. IR spectra (KBr), v, cm™: 626
(C-S), 1111 (C=S), 1663 (C=0), 3342 (NH). NMR H spectra (DMSO-ds), 3,
ppm: 0.92 (s, 3H, CHs); 1.76 (m, 2H, CHy); 2.12 (m, 2H, CH,CH3); 3.03 (t, 2H,
CH2NH); 2.96 (t, 2H, CH:N-); 3.32 (t, 4H, N(CH)2); 3.82 (t, 4H, O(CHy>)2); 8.10
(s, 1H, NH). NMR C spectra (DMSO-dg), 8, ppm: 9.9 (CHs); 23.1 (CHy); 36.4
(N-CHg); 51.5 (CH2NH); 54.7 (N(CHy2)2); 63.7 (O(CH2)2); 169.9 (C=0); 172.7
(C=S).

Benzoic  (3-morpholinopropyl)carbamothioic  thioanhydride (3) was
synthesized in a similar way. Yield 0.7 g (57%), R¢ 0.14 (ethanol/benzene, 1/3),
m.p. 168°C. Found, %: C 55.33; H 6.21; N 8.93; S 19.57. CisH20N20,S,.
Calculated, %: C 55.01; H 6.01; N 9.13; S 19.11. IR spectra (KBr), v, cm™: 682
(C-S), 1105 (C=S), 1690 (C=0), 3116 (NH). NMR 'H spectra (DMSO-dg), 8,
ppm: 1.93 (m, 2H, CHy); 3.32 (t, 2H, CH:NH); 2.45 (t, 2H, CH2N-); 3.06 (t, 4H,
N(CHy)2); 3.84 (t, 4H, O(CHy),); 7.42 (t, 2H, Ar); 7.85 (t, 1H,Ar); 8.07 (d, 2H,
Ar); 8.36 (s,1H, NH). NMR *3C spectra (DMSO-ds), 5, ppm: 23.7 (CHy); 42.9
(CH2NH); 51.4 (N-CHy); 53.6 (N(CHy)2); 63.3 (O(CHy)2); 128.8, 130.2, 134.7
(Ph); 168.7 (C=0); 169.3 (C=S).

4-Chlorobenzoic (3-morpholinopropyl)carbamothioic thioanhydride (4) was
synthesized in a similar way was synthesized in a similar way.Yield 2.0 g (67%),
Rr 0.52 (acetone/hexane, 1/4), m.p. 104°C. Found, %: C 50.33; H 5.43; N 7.93; S
17.57. C15H19CIN20,S,. Calculated, %: C 50.20; H 5.34; C1 9.88; N 7.81; S 17.87.
IR spectra (KBr), v, cm™: 705 (C-S), 1068 (C=S), 1647 (C=0), 3123 (NH). NMR
'H spectra (DMSO-ds), 8, ppm: 1.90 (s 2H, CH,); 3.28 (t, 2H, CH:NH); 2.96 (t,
2H, CH2N-); 3.04 (t, 4H, N(CH.),); 3.78 (t, 4H, O(CHy>).); 7.46 (d, 2H, Ar); 7.86
(d, 2H, Ar); 8.74 (s,1H, NH). NMR *3C spectra (DMSO-ds), 5, ppm: 24.0 (CHy);
37.2 (CH2NH); 54.6 (CH2N-); 51.7 (N(CH.),); 64.0 (O(CH.)2); 129.6, 130.3,
131.6, 133.5, 136.5, 138.2 (Ar); 165.7 (C=0); 166.9 (C=S).

2,4-Dichlorobenzoic (3-morpholinopropyl)carbamothioic thioanhydride (5)
was synthesized in a similar way. Yield 1.0 g (64%), R¢ 0.56 (acetone/hexane,
1/4), m.p. 92°C. Found, %: C 45.95; H 4.73; N 7.27; S 16.48. C15H1sCI2N20>S5.
Calculated, %: C 45.80; H 4.61; CI 18.03; N 7.12; S 16.30. IR spectra (KBr), v,
cml: 667 (C-S), 1049 (C=S), 1693 (C=0), 3152 (NH). NMR *H spectra (DMSO-
de), 8, ppm: 1.77 (m, 2H, CHy); 3.25 (t, 2H, CH,NH); 2.70 (t, 2H, CH:N-); 2.66
(t, 4H, N(CHy2)2); 3.66 (t, 4H, O(CHy)2); 7.42 (dd, 1H, Ar); 7.58 (t, 2H, Ar); 8.52
(s, 1H, NH). NMR BC spectra (DMSO-ds), 8, ppm: 25.1 (CHy); 37.5 (CH.NH);
55.4 (CH:N-); 52.7 (N(CHy>)2); 65.3 (O(CH.).); 127.8, 129.6, 131.6, 132.6, 134.6,
136.3 (Ar);165.9 (C=0); 168.9 (C=S).
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Biological studies of the compounds were carried out at Zh. Zhiyembayev
Kazakh Research Institute of Quarantine and Plant Protection LLP and RSE
Institute of Botany and Phytointroduction Forestry and Wildlife Committee of the
Ministry of Ecology and Natural Resources of the Republic of Kazakhstan.

Laboratory experiment.

Object of the study: seeds of wheat and spruce. The experimental samples
were laid in 3-fold repetition of 50 seeds. The duration of the experiment was 3 -
7 days. The experiment was carried out according to the scheme: 1. Control
(water). 2. Compound 2 at a concentration of 0.01%.

Field experiment.

In the experiment, semi-lignified cuttings of Spiraea Vanhouttei 8-9 cm
long, with three buds in an amount of 65 pieces, were soaked in a solution of
compound 3 with concentrations (0.001%, 0.01%) for 6 hours. The cuttings were
planted in a greenhouse with a prepared substrate (soil:sand). The duration of the
experiment was 4 months. Within 4 months, the cuttings were watered.

3. Results and discussion

One of the promising branches of the study of nitrogen-containing
heterocyclic compounds is the synthesis, transformations and biological activity
of morpholine derivatives.

Synthesis of thioanhydrides, based on sodium 3-
morpholinopropyldithiocarbamates was carried out by acylation of
dithiocarbamate with the corresponding acid chlorides (acetic, propyl, benzoic, 4-
chlorobenzoic, and 2,4-dichlorobenzoic) in acetone at the room temperature.

S S 0)
Il Il
C RCOCI C

N
H CH,CI H
o o

As a result of processing the reaction mixtures in the individual form of
morpholine thioanhydrides of dithiocarbamic acid 1-5 were obtained with the
corresponding yields of 50-70%.

The structure and the composition of the synthesized compounds 1-5 was
determined, based on the IR spectra and H and **C NMR spectroscopy and
elemental analysis data.

In the IR spectra of the compounds 1-5, an absorption band of stretching
vibrations of the NH group appears in the region 3116-3342 cm™. The absorption
band of stretching vibrations of the C=S group is present in the region of 1106-
1111 cm™. There is an absorption band of the C-S bond in the region of 618-705
cmt. The formation of thioanhydrides was evidenced by the presence in the IR
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spectra of an intense absorption band of the C=0 group in the region of 11645-
1693 cm'™,

There are signals of carbon atoms of the methyl group in the region of the
spectrum § 23.0-55.4 ppm in the *C NMR spectrums of compounds 1-5. The
cyclic carbon atoms of morpholine —(CH2):N- and —-O(CH). resonate in the
region of & 51.7-54.7 ppm and & 63.3-65.3 ppm, respectively. The signal of the
carbon atom of the C=0 group appears in the low field region 6 165.7-169.9 ppm.
The carbon atom of the C=S group resonates in the weak field 6 166.3-173.3 ppm.

The biological study was carried out to investigate the effect of
thioanhydride 2 on the sowing qualities of wheat and spruce seeds under the
laboratory conditions. The growth-stimulating activity of the studied compound 2
is evaluated by two parameters: the length of the seedlings and the germination of
the shoots. Compound 2 activates at a concentration of 0.01% the length of wheat
seedlings up to 5.1 cm and increases the germination of shoots up to 88%, as
compared with the control. Thus, compound 2 activates on spruce seeds the
length of seedlings up to 7.3 cm and increases the germination of shoots up to
87%. (Table 1).

Table 1 — Growth-stimulating activity of the compound 2

Preparation concentration, % Seedling length, cm Shoot germination, %
Wheat seeds
Control (Water) 4.4 86
Compound 2, 0.01% 5.1 88
Spruce seeds
Control (Water) 4.0 84
Compound 2, 0.001% 7.3 87

The field experiment was carried out to identify the root-forming activity of
the obtained substances and to determine the effect of compounds on the growth
and development of the shoots and the root system of spirea cuttings (Figures 1,
2).
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Shoots and roots
w

1

Control (water) Kornevin KN-2 Compound 3 (0.001%) Compound 3 (0.01%)

B number of shoots, pcs M shoot length, cm B number of roots, pcs root length, cm

Figure 1 — Shoot- and root-forming activity of compound 3.

Figure 1 shows that compound 3 exhibits moderate root-forming activity as
compared with the control and standard preparations Kornevin and KN-2, which
showed a higher activity.

The shoot-forming ability of the studied preparation was determined by two
parameters: the number and length of the formed shoots.

Compound 3 at the concentration of 0.01% showed a good shoot length of
3.91 cm compared to the control (1.63 cm) and the standard preparations
Kornevin (2.58 cm) and KN-2 (3.59 cm), respectively (Figure 1). The number of
shoots formed on the semi-lignified cuttings of spirea was at the concentration of
0.01% in the same range of 0.76-1.12 pcs depending on experience.

Figure 2 shows that the percentage of the root formation of cuttings at the
concentration of 0.01% has a similar interval between indicators from 42% to
45%, depending on the variant of the experiment. Thus, preparation 3, developed
by us, contributes to the growth of the crown of Spiraea Vanhouttei shrubs.
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Figure 2 — The effect of compound 3 on the number of the rooted cuttings of Spiraea Vanhouttei at the
concentrations of 0.01 and 0.001%.

4. Conclusion

An acylation reaction of heterocyclic amine dithiocarbamate based on 3-
morpholinopropan-1-amine has been studied, new heterocyclic acetyl, propyl,
benzoic, 4-chloro- and 2,4-dichlorobenzoic thioanhydrides of carbamothioic acid
have been synthesized.

The stimulating effect of the studied thioanhydrides at the concentration of
0.01% on the processes of germination and shoot formation based on the
laboratory and field tests has been determined. A total positive effect on the
morphometric parameters of seeds (wheat, spruce) and on semi-lignified cuttings
of Spiraea Vanhouttei has been shown.
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Pesome. Bseoenue. MophonuH sBISETCS NEPCNEKTHBHBIM M YHHBEPCAIbHBIM  IIECTHUICHHBIM
TETEPOLUKIOM, BOCTPEOOBAaHHBIM  (apMakopopoM ¢ LIMPOKMM CHEKTPOM OHONOTHYECKOH |
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(hapMaKoIOrHuecKoil aKTUBHOCTH. [[envbio OanHOl pabompl SBISETCS CHHTE3 OMOJOrMYECKH aKTHBHBIX
COCAMHEHUI Ha OCHOBE 3-MOP(OIMHIPONHUIAMUHA, YCTAHOBJICHHE CTPOCHUS U OHOJOTHYECKOI
aKTMBHOCTH CHHTE3MPOBAaHHBIX COCAMHEHUIL. Pesyibmamut u 06cysicdenue. B pe3yabrate anuaIupoBaHHs
3-MOphONUHONPONTIIKAPOAMOANTHOATA HATPUS C  XJIOPAHTUAPUIAMH  COOTBETCTBYIOLIMX —KHCIJIOT
CHHTE3UPOBaHbl YKCYCHBIH, MPOMHOHOBBIN, OCH30MHBIN, 4-XI0pOEH30MHbIH U 2,4-TUXI0pOCH30MHBINH 3-
MOp(OIHHOIPONUIKapOaMOTHOEBble THOAHTUAPUAbL. CHHTE3 MNPOBOJWIM B CpEle aleToHa IpU
KOMHATHOW Temreparype B TeueHue 2—3 4. CTpoeHHE CHHTE3UPOBAHHBIX COCAMHEHHIH YCTAHOBJICHO Ha
OCHOBAHMM JAHHKIX NIEMEHTHOTo aHanu3a, UK crekTpos, cnekrpockomuu *H u 3C SIMP. 3axniouenue. B
pesyiabrare  1a0OpaTOPHBIX M [OJEBBIX ~ MCIBITAHUHM  YCTAHOBJIEHO,  YTO  HPHUMEHEHUE
MOP(OIHHONPONUIKAPOAMOTHOEBBIX THOAHTHAPHUAOB CIIOCOOCTBYET MOBBILICHUIO MOOEr000pa3oBaHMs
ceMsiH muieHMIpl U enu. [IponuoHOBbIH (3-MOpdomrHONPONMI) KapOaMOTHOBBIM THOAHTHIAPHI TPH
konnenrpanuu 0.01% akTuBHpyeT JUIMHY NPOPOCTKOB CEMSH MIUEHWIBI 10 5.1 ¢M M yBeauuuBaer
BCXOXKECTh MobOero g0 88 %, Ha ceMeHaX elu AJMHA MPOPOCTKOB COCTaBisICT 7.3 CM M BCXOXKECTh
o6eroB - 87 % 1o cpaBHEHHIO ¢ KOHTpoieM (4.4 cm, 86% u 4.0 cm, 84%), cooTBeTcTBeHHO. beH30iHbIH
(3-MopdonuHOIpONIIT) KapOaMOTHOBBIA THOAHTUAPHA Tipu KoHmeHTparmu 0.01% mokasan BBICOKYIO
m06eroo0pa3syIIyI0 CIIOCOOHOCTh, [UIMHA MOOETOB MPH YEPEHKOBAHWH CIHper BaHryTTa COCTaBisIeT B
cpenreM 3.91 cM no cpaBHeHHuI0 ¢ koHTpoaeM (1.63 cm) u ¢ npenaparamu Kopuesun (2.58 cm) u KH-2
(3.59 cm).

KawueBbie cJioBa: (3-MopdonuHOIpOIHIT) KapOaMOANTHOAT HATpHS, THOAHTUIPUJIBI,
pocTCTUMYIHpYIOLIas U moderoodpasyroias akTHBHOCTh, CEMEHA MIIESHHIBI U €1

Anyapéexosa Hnuoupa Hunzbexkkpizol PhD

Coviuesa Enena Cepzeesna Kanouoam xumuueckux nayx
Mapxuna /lapua bazapéoexoena Mazucmp mexnuueckux Hayk
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KAHA MOP®OJMHKYPAMJIAC THOAHT'MJAPUATEPJIH CUHTE3I )KOoHE
BUOJIOT'UAJIBIK BEJICEHALIT'T

H.H.Ouyapéexoea’, E.C. Coiuesa®, /I.b. Mapxuna?, M.C. Myxanoea'?"
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2 On-@apabu amvinoazwvl Kazax yammulx ynueepcumemi, Anmamot, Kasaxcman
“E-mail: chem_mukan@mail.ru

Tyiiinaeme. Kipicne. Mopdonun — Tuimzi skoHe oMOebar anTbl MyLIeNni TeTepOLHKII, OUOIOTHSIIBIK XKOHE
(hapMaKoIOTHSIBIK OEICEeHIUTIKTIH KeH CHEeKTpIiri Hereisinae cypanbicka ue dapmakodop. JKyMbICTHIH
makcamol  3-MOP(OTHHIPONUIAMUHA HETi31HAe OHONOTHSIBIK O€NCeHIlI KOCBUIBICTAPIBI CHHTE3ICY,
CHUHTE3/IeNreH KOCBUIBICTAPJbIH KYPbUIBIMBI MEH OWOJIOTMSUIBIK OelCeHIUNriH aHblKTay. Hamuoicenep
JicoHe 01apovbl manoay. Hatpwii 3-MopdonrHOIPONMIKapOaMOANTHOATHIHBIH coiikec
XJIOpaHTHAPHUATEPMEH alMIIICY HOTHXKECIHAE CipKe, MPOIHOH, OSH30MIIbI, 4-X10pOeH30MIbI KoHe 2,4-
JIXIIOPOEH30MIbI 3-MOPHOIHHONPOIIIKAPOAMOTHO THOAHTUAPUATED CHHTe3AeNiHal. CHHTE3 aleTOH/IbI
oprama OenMe TemmeparypackiHaa 2-3 caraT JKypri3ingi.CHHTE3IeNreH KOCBUIBICTAPIBIH KYPBUIBIMBI
sreMeHTTiK Tanaay, MK cnexrprepi sxone *H sxone *C SIMP cHeKTpOCKOMHACH HETi3iHEe aHBIKTAJIbL.
Kopuimbinovl. 3epTXaHaIBIK KHE JalajblK ChIHAKTAPABIH HOTIDKECIHAE MOP(OINHONPONUIKapOaMOTHO
THOAHTUAPUATEPIH KoN#aHy OHIOali MeH IIbIpIIa TYKBIMIAPBIHBIH OPKEH TY3UIyiH apTThIPaThIHbI
anpIKT)ABL.  [Iponmonas! (3-mopdomunonponmn)kapdbamorro THoanruapuy 0.01% koHneHTpanusia
OakplTayMeH cajblcThiprania (tuiciHme 4.4 cm, 86% xone 4.0 cm, 84%) Oupmail TYKbIMIApBIHBIH
OCKiH/IepiHiH Y3BIHABIFBEIH 5.1 cMm-re neiiin OenceHuipeni koHe epkeHIEpIiH eHyiH 88%-ra meifin
apTThIPajbl, WIBIPIIA TYKBIMIAPbIHAA OCKIHAEPAIH Y3BIHIBIFBI 7.3 cM >KoHEe epKeHIepiiH oHyi 87%
Kypazabl. bensoiinsr (3-mopdonunonponmn)kapdbamorio tHoanruapua 0.01% KOHIEHTpanusaaa sKOoFapsl
OCKIHTY3yLIl KabieTiH KepceTTi, BaHryTThIH crimpest KeCiHAUIEpiHiH OCKIH Y3bIHABIKTapbl OaKblIayMeH
(1.63 cm), KopreBun (2.58 cm) xxone KH-2 (3.59 cM) mpenapartapbIMeH cajbICTBIpFaHa OpPTa €CEemIeH
3.91 cM Kypazsl.
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