KA3AKCTAHHBIH XUMUA )KYPHAJIBbI XUMHYECKHUH XYPHAJI KA3AXCTAHA

Chemical Journal of Kazakhstan
Volume 3, Number 95(2026), 173-183 https://doi.org/10.51580/2026-3.2710-1185.39

UDC 547.496.2

SYNTHESES AND STRUCTURE OF ALKYL AND DIALKYL
ISOPENTYLDITHIOCARBAMATE THIOETHERS

M.S. Mukanova'?, L.M. Akhmetova®?, Ye.S. Sycheval

1 A.B. Bekturov Institute of Chemical Sciences, Almaty, Kazakhstan
2 Kazakh-British Technical University, Almaty, Kazakhstan

*Corresponding author e-mail: meruyert2302@gmail.com

Abstract. Introduction. Dithiocarbamates and their derivatives are promising sulfur-containing
compounds used as flotation reagents in the flotation enrichment of mineral raw materials. Variations in
the structure of the hydrocarbon substituent and the introduction of additional functional fragments make
it possible to regulate their surface properties. The aim of this study was to synthesize new alkyl and
dialkyl thioethers based on isopentyldithiocarbamates and to establish their structures using IR and NMR
spectral methods. Results and discussion. The reaction of isopentylamine with carbon disulfide in an
alkaline medium yielded disodium isopentylbis(dithiocarbamate) and sodium isopentyldithiocarbamate in
58% and 30% yields, respectively. The subsequent reaction of the salts with hexyl, heptyl, octyl, nonyl,
and decyl bromides allowed the synthesis of a series of alkyl and dialkyl thioethers in 75-98% yields. The
composition and structure of the synthesized compounds were confirmed by elemental analysis, IR, H,
and 3C NMR spectroscopy. Spectral characteristics indicate the presence of a dithiocarbamate fragment,
an isopentyl substituent, and alkyl substituents of varying lengths. Conclusion. Synthetic conditions for a
series of new isopentyldithiocarbamate thioethers have been developed. The synthesized
isopentyldithiocarbamate thioethers with variable alkyl fragment lengths are of interest for further study of
their flotation properties and the possibility of using them as flotation reagents.
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1. Introduction

Flotation remains one of the most widely used mineral beneficiation methods
because it can separate minerals with very close physical characteristics. The
problem of searching for new organic collectors, which ensure high recovery of
valuable components with separation selectivity, becomes a priority.

Xanthates are the main flotation reagents for sulfide minerals. Although
these compounds have been widely used in industry, there have been some
limitations regarding selectivity, the possibility of forming toxic decomposition
products, and the dependence of the action on environmental parameters. For
these reasons, over the last few decades, there has been intensive research into
alternative sulfur-containing compounds, among which dithiocarbamates have
been considered one of the most promising classes of flotation reagents [1-3].

Dithiocarbamates exhibit high reactivity due to the presence of the -NCS;
functional group, which enables complexation with surface metal ions. Interaction
with the mineral surface results in the formation of stable metal-sulfur complexes,
which alter the hydrophilicity and surface energy of the particles. This makes
them suitable for use as both collectors and depressants in the separation of
various types of mineral raw materials [4,5].

Among dithiocarbamine compounds, dithiocarbamates based on aliphatic
amines are of particular interest, since they are distinguished by the availability of
the starting components and the possibility of regulating the properties by
changing the length and structure of the hydrocarbon substituent.

Studies have shown that simple aliphatic dithiocarbamates can effectively
modify the surface properties of minerals. For example, sodium
dimethyldithiocarbamate has a selective effect on the pyrite surface, reducing its
hydrophobicity through the formation of hydrophilic complexes with surface iron
cations [5]. In a lead-zinc mineral separation system, the combined use of ZnSO.
and dimethyldithiocarbamate increased the efficiency of sphalerite suppression
due to the competitive adsorption of reagents on the mineral surface [6].

Sodium diethyldithiocarbamate has also demonstrated high efficiency in the
flotation of oxidized copper minerals. Its use in combination with xanthates was
found to promote the formation of a more hydrophobic malachite surface due to
the formation of Cu-S compounds and enhanced collector adsorption [7]. In the
flotation of smithsonite, the use of a mixture of dodecylamine and
diethyldithiocarbamate increased zinc recovery due to the combined physical and
chemical adsorption of reagent system components [8]. In recent years, research
on modified dithiocarbamate compounds containing additional functional groups
has advanced significantly. These reagents possess multiple active sites for
interaction with mineral surfaces and demonstrate increased efficiency in the
flotation of difficult-to-process minerals. For example, dithiocarbamate-
hydroxamate compounds have demonstrated excellent results in the recovery of
bastnaesite, cassiterite, galena, chalcopyrite, and wolframite. Their high activity is
explained by the formation of stable complexes between the reagent's functional
groups and surface metal atoms [9-14].
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Despite a significant amount of research devoted to dithiocarbamates, the
synthesis and application of dithiocarbamates based on aliphatic amines,
particularly their derivatives with a modified thioether structure, remain
understudied. However, modification of dithiocarbamates can significantly affect
their hydrophobicity, stability, and ability to interact with mineral surfaces.

In this regard, the preparation of new alkyl thioethers based on sodium
isopentyl dithiocarbamate is of interest. The introduction of a thioether moiety
into the dithiocarbamate structure can alter the electronic and surface properties of
the molecule, potentially enabling the production of effective flotation reagents
with improved collection properties.

The aim of this work is to synthesize alkyl thioethers based on sodium
isopentyl dithiocarbamate as potential flotation reagents.

2. Experimental part

The reaction control and product purity were monitored by thin-layer
chromatography (TLC) on Silufol UV-254 plates, with spot visualization
performed using iodine vapor. The eluent consisted of a mixture of ethanol and
acetone/hexane (1/4). Infrared (IR) spectra were recorded on a Nicolet 5700 FTIR
spectrometer using KBr pellets and thin-layer films. Melting points were
determined with a Hanon MP450 apparatus. The *H and *C nuclear magnetic
resonance (NMR) spectra were recorded on a JNM-ECA 400 spectrometer
(JEOL), operating at 400 MHz for *H and 100 MHz for *3C, using deuterated D,0O
and CDCIs as solvents. Elemental analysis was performed with a THERMO
FlashSmart CHNS/O elemental analyzer (USA, 2024).

Disodium isopentyl-bis(dithiocarbamate) (1). A solution of 8.0 g (0.2 mol) of
NaOH in 3 mL of water was added to a solution of 8.717 g (0.1 mol) of
isopentylamine in 110 mL of ethanol. Then a solution of 15.2 g (0.2 mol) of
carbon disulfide was added dropwise at room temperature under stirring. After the
complete addition of carbon disulfide, the reaction mixture was stirred at room
temperature for four hours. The solvent was removed under reduced pressure
using a water-jet vacuum pump and the solid residue was purified by
recrystallization from ethanol. Yield 16.44 g (58%), Rt = 0.84 (ethanol/benzene,
1/2), T = 296-297°C. Found, %: C, 29.27; H, 4.11; N, 4.69; Na, 16.32; S, 45.55.
Cs/H11NNa,S,. Calculated, %: C, 29.67; H, 3.91; N, 4.94; Na, 16.22; S, 45.25. IR
spectra, v, cm™: 2931, 2852 (CH,, CHs); 1470, 1421 (CH,, CHs); 1221 (=C-N);
1109 (N-C(S)=S); 966 (C=S); 883 (C-S). NMR H spectra (D,0), §, ppm: 1.48
(7H, 2CHs, CH); 1.54 (2H, CHy); 4.12 (t, 2H, N-CH,). NMR 3C spectra (D,0),
3, ppm: 25.64 (CH2, 2CHs); 23.78 (CH); 53.06 (N-CHy>); 205.05 (2C=S).

Sodium isopentyldithiocarbamate (2). Yield 556 g (30%), Rs = 0.93
(ethanol/benzene, 1/2), T., = 107-108°C. Found, %: C, 39.05; H, 6.33; N, 7.29;
Na, 12.71; S, 34.73. CsH12NNaS;. Calculated, %: C, 38.90; H, 6.53; N, 7.56; Na,
12.41; S, 34.61. IR spectra, v, cm™: 3369 (NH); 2936, 2852 (CH,, CHs); 1470,
1421 (CHy, CHzs); 1221 (=C-N); 1131, 1111 (N-C(S)=S); 1003, 967 (C=S); 883
(C-S). NMR H spectra (D20), &, ppm: 1.23 (t, 6H, 2CHs); 1.50 (m, 2H, CH,);
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1.56 (m, 1H, CH); 4.35 (dt, 2H, N-CH,). NMR *3C spectra (D;0), 8, ppm: 13.63
(2CHs); 23.80 (CH); 25.66 (CH?2); 53.08 (N-CHy); 204.28 (C=S).

General procedure for the Synthesis of alkyl and dialkyl thioesters (3-12)

The corresponding alkyl bromide (hexyl, heptyl, octyl, nonyl and decyl) was
added dropwise to a solution of dithiocarbamate in acetone. The reaction mixture
was stirred at room temperature (22 °C) for five hours. After completion of the
reaction, the mixture was filtered through a Schott funnel using a vacuum pump.
The resulting solution was concentrated under reduced pressure using a water-jet
vacuum pump, and the product was purified by recrystallization from hexane. The
synthesis was applied to a series of alkyl bromides. As a result, the corresponding
alkyl isopentyldithiocarbamate and dialkyl isopentyl bis(dithiocarbamate)
derivatives were obtained.

Dihexyl isopentyl-bis(carbamodithioate) (3). Yield 9.30 g (76%), oil, R =
0.64 (acetone/hexane, 1/3), n3° 1.4031. Found, %: C, 55.64; H, 9.29; N, 3.67; S,
31.75. C1gH37NS,. Calculated, %: C, 55.97; H, 9.15; N, 3.44; S, 31.45. IR spectra,
v, cm*: 2930, 2856 (CH,, CHs); 1473, 1424 (CH,, CHa); 1241, 1226 (=C-N);
1133, 1116 (N-C(S)=S); 1006, 979 (C=S); 893, 854 (C-S). NMR 'H spectra
(CDCls), 3, ppm: 0.82 (s, 6H, 2CH3 (hexyl)); 1.26 (s, 6H, 2CHs (isopentyl)); 1.36
(s, 1H, CH); 1.63 (s, 18H, 9CHy); 3.22 (t, 4H, 2(S-CHy)); 3.84-4.23 (br., d,
N-CH,). NMR ®3C spectra (CDCls), §, ppm: 14.10 (2CH; (hexyl)); 22.60 (2CHs
(isopentyl)); 24.41 (2CH.CHa); 25.99, 25.56 (CH); 28.70, 28.78 (6CH,); 31.46
(N-CH>-CHy); 37.37 (S—CH); 51.27, 52.75 (N-CHy>); 196.14 (2C=S).

Diheptyl isopentyl-bis(carbamaodithioate) (4). Yield 9.94 g (76%), oil, R =
0.75 (acetone/hexane, 1/3), n3° 1.4032. Found, %: C, 57.45; H, 9.24; N, 3.54; S,
29.71. Cx1Ha1NS,. Calculated, %: C, 57.88; H, 9.48; N, 3.21; S, 29.43. IR spectra,
v, cml: 2928, 2855 (CH,, CHa); 1472, 1424 (CH,, CHa); 1228 (=C-N); 1133,
1116 (N-C(S)=S); 1006, 979 (C=S); 892, 854 (C-S). NMR 'H spectra (CDCls), §,
ppm: 0.80 (s, 6H, 2CHs (heptyl)); 1.21 (br. s, 6H, 2CH3 (isopentyl), CHy); 1.34 (s,
1H, CH); 1.62 (br. s, 20H, 10CH,); 3.21 (S-CHy,); 3.8-4.21 (N-CH,). NMR *C
spectra (CDCls), 3, ppm: 14.14 (2CHs (heptyl)); 22.65 (2CHjs (isopentyl)); 24.40
(2CH2CHa); 25.96, 25.57 (CH); 28.74, 28.94, 29.06 (8CH.); 31.76 (N-CH>—CHy>);
37.36 (25-CH>); 51.26, 52,72 (N-CHy); 196.14 (2C=S).

Dioctyl isopentyl-bis(carbamodithioate) (5). Yield 13.64 g (98%), oil, Rs =
0.71 (acetone/hexane, 1/3), n,z)0 1.4033. Found, %: C, 59.21; H, 9.67; N, 3.31; S,
27.33. Cx3HasNS,. Calculated, %: C, 59.56; H, 9.78; N, 3.02; S, 27.65. IR spectra,
v, cmt: 2927, 2856 (CH,, CHs); 1470, 1424 (CH,, CHs); 1238 (=C-N); 1133
(N-C(S)=S); 1007, 980 (C=S); 893, 854 (C-S). NMR 'H spectra (CDCls), §,
ppm: 0.84 (t, 6H, 2CH3s (octyl)); 1.24 (s, 18H, 2CHjs (isopentyl), 6CH.); 1.38 (s,
3H, CH, CHy); 1.65 (t, 12H, 6CH>); 3.25 (t, 4H, 2S—-CHy); 3.85, 4.25 (2s, 2H,
N—CH,). NMR *3C spectra (CDCls), §, ppm: 14.21 (2CHs (octyl)); 22.74 (2CHs
(isopentyl)); 24.44 (2CH,CHs); 25.82 (CH); 28.77, 29.15, 29.28 (10CH,); 31.90
(N-CH>—CHy); 37.40 (2S5—-CH>); 51.28, 52.79 (N-CH); 196.15 (2C=S).
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Dinonyl isopentyl-bis(carbamodithioate) (6). Yield 12.7 g (86 %), oil, Rs =
0.76 (acetone:hexane = 1:3). n,z)0 1.4034. Found, %: C, 61.17; H, 10.3; N, 2.69; S,
25.74. CxsHagNS4. Calculated, %: C, 61.04; H, 10.04; N, 2.85; S, 26.07. IR
spectra, v, cm™: 2927, 2855 (CH,, CHs); 1456, 1424 (CH,, CHs); 1243, 1226
(=C-N); 1133, 1117 (N-C(S)=S); 1006, 981 (C=S); 893, 854 (C-S). NMR 'H
spectra (CDCls), 38, ppm: 0.85 (t, 6H, 2CHz (nonyl)); 1.23 (s, 18H, 2CHjs
(isopentyl), 6CH>); 1.38 (s, 3H, CH, CHy); 1.66 (t, 16H, 8CH,); 3.25 (t, 4H,
25-CHy,); 3.86, 4.26 (2s, 2H, N-CH,). NMR 3C spectra (CDCls), §, ppm: 14.21
(2CHs (nonyl)); 22.76 (2CHjs (isopentyl)); 24.44 (2CH2CHs); 25.57, 26.05 (CH);
28.26, 28.70, 28.87, 29.15, 29.35, 29.56 (12CH,); 31.95 (N-CH>CHy); 37.41
(25-CHy); 51.27, 52.79 (N-CH>); 196.18 (2C=S).

Didecyl isopentyl-bis(carbamodithioate) (7). Yield 13.9 g (89 %), oil, Rs =
0.74 (acetone/hexane, 1/3), n,%o 1.4036. Found, %: C, 62.17; H, 10.44; N, 2.85; S,
24.36. Cy7HssNS4. Calculated, %: C, 62.37; H, 10.27; N, 2.69; S, 24.66. IR
spectra, v, cm™: 2925, 2854 (CH,, CHs); 1469, 1424 (CH,, CHs); 1227, 1226
(=C-N); 1133, 1117 (N-C(S)=S); 1007, 981 (C=S); 892, 853 (C-S). NMR 'H
spectra (CDCls), 6, ppm: 0.84 (t, 6H, 2CHs); 1.23 (s, 20H, 2CHas, 7CH>); 1.38 (s
5H, CH, 2CHy); 1.65 (t, 16H, 8CHy); 3.25 (t, 4H, 2S-CH,); 3.86, 4.26 (2s, 2H,
N-CH,). NMR C spectra (CDCls), 8, ppm: 14.22 (2CHjs (decyl)); 22.77 (2CHs
(isopentyl)); 24.44 (2CH,CHgs); 25.59, 26.04 (CH); 28.77, 29.15, 29.32, 29.41,
29.60, 29.65 (14CH); 31.98 (N-CH»-CH); 37.42 (25-CHy); 52.81, 51.29
(N-CH>); 196.20 (2C=S).

Hexyl isopentylcarbamodithioate (8). Yield 9.3 g (75 %), oil, Rt = 0.72
(acetone/hexane, Y4, n,%o 1.4037. Found, %: C, 58.06; H, 10.32; N, 5.81; S, 25.57.
C12H2sNS,. Calculated, %: C, 58.24; H, 10.18; N, 5.66; S, 25.91. IR spectra, v,
cm™: 2928, 2858 (CH., CHas); 1463, 1425 (CH,, CHas); 1217 (=C-N); 1133
(N-C(S)=S); 1053 (C=S); 855 (C-S). NMR H spectra (CDCls), &, ppm: 0.86 (t,
6H, 2CHs (hexyl)); 1.28 (t, 7H, 2CHs (isopentyl), CH); 1.39 (t, 6H, 3CHy); 1.65 (t,
4H, N-CH>—CH>, S—-CH>—CHy>); 3.08 (t, 2H, S—CH>); 4,61 (q, 2H, N-CH>). NMR
13C spectra (CDCls), 8, ppm: 14.11 (CHs (hexyl)); 22.60 (CHs (isopentyl)); 24.45
(CH); 28.42, 28.67, 28.74, 28.83 (4CHy); 31.39 (N-CH>—CH?>); 36.00 (S—CHy>);
69.82 (N-CHy); 215.32 (C=S).

Heptyl isopentylcarbamodithioate (9). Yield 11.51 g (88 %), oil, Rf = 0.81
(acetone/hexane, 1/4), n2° 1.4038. Found, %: C, 59.31; H, 10.27; N, 5.55; S,
24.78. Ci3HxNS,. Calculated, %: C, 59.71; H, 10.41; N, 5.36; S, 24.52. IR
spectra, v, cm™: 2927, 2856 (CH,, CHs); 1466, 1425 (CH,, CHa3); 1219 (=C-N);
1145, 1133 (N-C(S)=S); 1054 (C=S); 855 (C-S). NMR 'H spectra (CDCls), §,
ppm: 0.85 (t, 3H, CH3 (heptyl)); 1.25 (s, 6H, 2CHjs (isopentyl)); 1.39 (t, CH); 1.65
(t, 4H, 2CH,); 3.08 (t, 2H, S-CHy); 4.61 (g, 2H, N-CH). NMR *3C spectra
(CDCls), 8, ppm: 14.17 (CHs (heptyl)); 22.68 (2CHs (isopentyl)); 24.45 (CH);
28.46, 28.89, 28.95 (5CH)); 31.76 (N-CH»>—CH)); 36.00 (S-CHy); 69.81
(N-CHy); 215.32 (C=S).
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Octyl isopentylcarbamodithioate (10). Yield 12.40 g (90 %), oil, R = 0.9
(acetone/hexane, 1/4), nZ° 1.4040. Found, %: C, 60.76; H, 10.91; N, 5.26; S,
22.97. C1sHx.NS,. Calculated, %: C, 61.03; H, 10.61; N, 5.08; S, 23.27. IR
spectra, v, cm™: 2926, 2855 (CH,, CHs); 1468, 1425 (CH,, CHas); 1218 (=C-N);
1145, 1133 (N-C(S)=S); 1055 (C=S); 853 (C-S). NMR 'H spectra (CDCls), §,
ppm: 0.85 (t, 3H, CHs (octyl)); 1.25 (s, 12H, 2CHjs (isopentyl), 3CH,); 1.39 (t,
5H, CH, 2CHy); 1.65 (m, 4H, 2CH,); 3.08 (t, 2H, S-CH>); 4.61 (g, 2H, N-CH>).
NMR 3C spectra (CDCls), 8, ppm: 14.21 (CHs (octyl)); 22.74 (2CHjs (isopentyl));
24.45 (CH); 28.45, 28.99, 29.17, 29.23, 29.28 (6CH,); 31.87 (N-CH>-CH,);
36.01 (S-CHy>); 69.86 (N-CH>); 215.41 (C=S).

Nonyl isopentylcarbamodithioate (11). Yield 13.2 g (91 %), oil, R = 0.85
(acetone/hexane, 1/4), n2° 1.4042. Found, %: C, 61.91; H, 10.93; N, 4.65; S,
21.94. CisHzNS,. Calculated, %: C, 62.22; H, 10.79; N, 4.84; S, 22.15. IR
spectra, v, cm': 2926, 2854 (CH,, CHs); 1464, 1425 (CH,, CHz); 1217 (=C-N);
1133 (N-C(S)=S); 1055 (C=S); 855 (C-S). NMR 'H spectra (CDCls), 8, ppm:
0.85 (t, 3H, CHj3 (nonyl)); 1.24 (s, 14H, 2CHs (isopentyl), 4CH,); 1.39 (t, 5H, CH,
2CH,); 1.66 (m, 4H, 2CHy,); 3.08 (t, 2H, S—CH,); 4.62 (g, 2H, N-CH,). NMR *C
spectra (CDCls), 6, ppm: 14.21 (CHs (nonyl)); 22.76 (2CHs (isopentyl)); 24.45
(CH); 28.46, 28.99, 29.16, 29.23, 29.33, 29.57 (7CHy); 31.95 (N-CH>—CHy);
36.01 (S-CHy); 69.81 (N-CHy,); 215.34 (C=S).

Decyl isopentylcarbamodithioate (12). Yield 12.8 g (84 %), oil, R = 0.9
(acetone/hexane, 1/4), n2° 1.4045. Found, %: C, 63.06; H, 10.82; N, 4.91; S,
21.25. CiHssNS,. Calculated, %: C, 63.31; H, 10.96; N, 4.61; S, 21.12. IR
spectra, v, cm™: 2926, 2854 (CH,, CHs); 1464, 1425 (CH,, CHs); 1216 (=C—N);
1133 (N-C(S)=S); 1054 (C=S); 855 (C-S). NMR H spectra (CDCls), 8, ppm:
0.86 (t, 3H, CHzs (decyl)); 1.24 (s, 16H, 2CHjs (isopentyl), 5CHy); 1.40 (t, 5H, CH,
2CHy); 1.66 (m, 4H, 2CHy>); 3.08 (t, 2H, S—CH,); 4.62 (g, 2H, N-CH,). NMR *C
spectra (CDCls), 6, ppm: 14.22 (CHz (decyl)); 22.77 (2CHjs (isopentyl)); 24.45
(CH); 28.46, 28.99, 29.22, 29.40, 29.56, 29.67 (8CH.); 31.98 (N-CHx—CHy);
36.01 (S—CHy); 69.80 (N-CHy); 215.33 (C=S).

3. Results and discussion

The synthesis of disodium isopentyl-bis(dithiocarbamate) and sodium
isopentyldithiocarbamate was carried out by the interaction of isopentylamine
with carbon disulfide (in a ratio of 1:2) in the presence of an alkali in alcohol at
room temperature. As a result of isolation from the reaction mixture, disodium
isopentyl-bis(carbamodithioate) (1) and sodium isopentylcarbamodithioate (2)
were obtained in individual form with yields of 58 and 30% respectively (Fig. 1).

In order to synthesize potential flotation reagents, the conditions for the
synthesis of long-chain alkyl and dialkyl thioesters of isopentyldithiocarbamates
were optimized. The synthesis of alkyl and dialky! thioesters was carried out by
the alkylation reaction of disodium isopentyl-bis(dithiocarbamate) (or sodium
isopentyldithiocarbamate) with alkyl bromides (hexyl, heptyl, octyl, nonyl and
decyl) in acetone at room temperature. As a result, alkyl thioesters of
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isopentylcarbamodithioate (yields of 75-91%) and dialkyl thioesters of isopentyl-
bis(carbamodithioate) (yields of 76-98%) were synthesized (Fig. 1).

CH3
H3C NH,
cSy NaOH,
ethanol
CHs E CHs s
HBC)\/\N/ “~sNa . H3C)\/\H/ “~SNa
Nas—~ s
RBr, RBr,
l acetone acetone
CHjy s CHs s
)\/\ /l"L R )\/\ g R
HaC N7 Ss7 HsC N~ Ss7
H
R
s g R =CgHyz C7H15' CEHH’ c9H19’ C10H21

Figure 1 — Synthesis of isopentyldithiocarbamates and their alkyl and dialkyl thioesters.

The composition and identity of the synthesized isopentyldithiocarbamates
(1,2) and their alkyl and dialkyl thioethers (3-12) were confirmed based on
elemental analysis and IR spectroscopy.

The IR spectra of isopentyldithiocarbamates (1,2) and their alkyl and dialkyl
thioethers (3-12) exhibit characteristic absorption bands indicating the formation
of dithiocarbamates and their alkyl thioethers. The band at 1216-1241 cm™
corresponds to the stretching vibrations of the N-C= bond. The absorption at
1109-1145 cm is due to the characteristic vibrations of the dithiocarbamate
group N-C(S)=S. The absorption in the region of 966-1055 cm™ is due to
vibrations of the thiocarbonyl bond C=S, while the bands in the range of 853-893
cm are characteristic for the C-S bond.

The IR spectrum of the monosubstituted isopentyldithiocarbamate (2)
contains an absorption band corresponding to the stretching vibrations of the NH
group at 3369 cm™. The observed absorption bands confirm the formation of
sodium dithiocarbamates based on isopentylamine.

Furthermore, the presence of long-chain alkyl substituents for alkyl and
dialkyl thioethers (3-12) is confirmed by intense bands of stretching vibrations of
the CH; and CHs groups in the region of 2854-2930 cmt, as well as deformation
vibrations of methylene groups at 1425-1468 cm.

The structure of isopentyldithiocarbamates (1,2) and their alkyl and dialky!l
thioethers (3-12) was established using *H and **C NMR spectroscopy.

According to the 'H and *C NMR spectra, the signals of the isopentyl
fragment and the dithiocarbamate group were identified for compounds (1) and
(2). The N-CH2 protons appear at & 4.12 ppm for (1) and 4.35 ppm for (2), the
remaining signals of the aliphatic fragment are in the range of 6 1.23-1.56 ppm.
In the ~13C spectra, the N-CH2 carbon atom is characterized by signals at &
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53.06 and 53.08 ppm, respectively, and the carbons of the isopentyl substituent
are in the range of 6 13.63-25.66 ppm. The presence of the dithiocarbamate group
is confirmed by the signals of the thiocarbonyl carbon C=S at 6 205.05 ppm. for
(1) and 204.28 ppm for (2). Thus, the spectral data confirm the formation of
mono- and bis(dithiocarbamate) derivatives of isopentylamine.

Analysis of the *H and *C NMR spectra of the obtained dialkyl and alkyl
isopentyldithiocarbamate thioesters (3—12) revealed a consistent pattern of signals
corresponding to their proposed structure. In the *H spectra, the signals of methyl
protons of the alkyl radicals are located at 6 0.79-0.86 ppm, while methylene
protons appear predominantly in the region of & 1.20-1.66 ppm. With increasing
alkyl chain length, the integrated intensity of these signals’ increases. The
isopentyl fragment is characterized by signals of methyl protons near 6 1.2-1.3
ppm and methine proton at & 1.3-1.4 ppm. The signals of the S—-CH> protons are
observed at 6 3.08-3.25 ppm, while the N-CH; protons resonate downfield, at
approximately ¢ 3.8-4.6 ppm.

In the 3C spectra, the methyl groups of the alkyl chains give signals at &
14.1-14.2 ppm, while the carbon atoms of isopentyl substituent methyl and
methine groups give signals at approximately ¢ 22.6-22.8 and 24.5-26.1 ppm,
respectively. The chemical shifts of the CH; groups of the alkyl chains are found
in the 6 28-30 ppm region. The S—CH, carbon atom resonated at & 36—-37 ppm,
and the N-CH. carbon atoms are observed in the 6 51-53 and 69.8 ppm region.
The signals for thiocarbonyl carbon C=S are observed in the region of & 196-215
ppm. The obtained spectral characteristics confirm the formation of alkyl and
dialkyl isopentyldithiocarbamate thioethers and are consistent with the change in
the length of the alkyl substituents.

4. Conclusion

In this study, new dithiocarbamate derivatives based on isopentylamine were
synthesized, including disodium isopentyl-bis(carbamodithioate) (1), sodium
isopentylcarbamodithioate (2), and their alkyl and dialkyl thioethers (3-12). The
mono- and bis-isopentyldithiocarbamates were synthesized in the interaction
reaction of isopentylamine with carbon disulfide in an alkaline medium.

Using sodium salts (1) and (2), derivatives with linear alkyl substituents at
Ce—Cio were synthesized. The isolated compounds are characterized by
satisfactory yields, demonstrating the applicability of this method to the
preparation of a series of dithiocarbamate thioethers with varying hydrocarbon
chain lengths.

The composition and structure of the synthesized compounds were
confirmed by a combination of elemental analysis, IR, and NMR spectroscopy
data. The spectral data are consistent with the proposed structures and allow the
identification of signals from the isopentyl and alkyl fragments, as well as the
characteristic N-CH,, S—CH; and C=S signals.

The resulting series of compounds combines the dithiocarbamate functional
moiety with alkyl chains of varying lengths, enabling the variation of their
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hydrophobic and surface-active properties. Therefore, the synthesized alkyl and
dialkyl thioethers are of interest as promising compounds for further study of their
flotation activity and selectivity in the flotation enrichment of sulfide and other
minerals.
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THO3®UPJIEPIHIH CUHTE3I ’)KoHE K¥PbIJIbIMbI
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Tyitingeme. Kipicne. JlutHokapbaMarTap >KOHE ONApABIH TYBIHIBUIAPEI MHHEpANJbIK MIUKi3aTThI
(dotanusIbIK OaiibITy1aFel (DIIOTOpEareHTTep PETiHAe KONJAHBLIATHIH OOJAIIaFbl 30p KYKIipTKYpaMIbl
KOCBUIBICTAp OOJbIN TaObuIaabl. KeMipCcyTeKTIK opbIHOAcap/blH KYPBUIBIMBIH ©3repTy JXKOHE KOCBIMILA
(GYHKIMOHAIABIK (DparMEHTTEpAl CHTi3y ONapAbIH OETTiK KaCHeTTEepiH perTeyre MYMKIHIIK Oepeni.
3epmmeydiy makcamol — W3ONCHTUIAUTHOKApOAMATTap HETI3IHACT JXKaHA AalKWI- KOHE TUATIKHIIL
THOX(HPIIEPAl CUHTE3/CY KoHe onapblH KypbulbiMbiH VK- sxoHe SIMP-crieKTpOCKOMUSITBIK /1icTepiMEeH
aHbIKTay. Homuowcenep owcane onapOvl manxwpiiay. VI30NMEHTHIaAMHHHIH KYKIPT KOMIPTETIMEH CILITLIIK
opraja opeKerTecyi  HATIXKeciHAe —colikeciHmie 58 koHe 30%  IIBIFBIMMEH — HM30ICHTHII-
ouc(muTrokapbaMaTThIH) JAWHATPUIT Ty3bl OKOHE HATPUA M3OMEHTUWIIUTHOKAPOAMATHI  aJbIH/IBI.
Ty3napAbIH TeKCHII, TeNTHII, OKTHII, HOHUII )KOHE JACIHI OPOMHUATEPIMEH KEHiHT1 PeaKIHsIIbIK SPEKETTeCyl
75-98% WIBIFBIMMEH aIKWI- KOHE IUANKWIAI THOd(UpIep KaTapblH CHHTE3/leyre MYMKIHAIK Oepai.
CHHTE3/IeNTeH KOCBLIBICTAP/IBIH KYPAMBI MEH KYPBLIBIMBI 3eMeHTTIiK Tanaay, UK-, *H xoue *C SIMP-
CIICKTPOCKOMHsI  dicTepiMen fonenaeHai. CHEeKTpik cumaTramaigap AWTHOKapbamar (parMeHTiHiH,
H30ICHTHI OPBIHOACAPBIHBIH JKOHE OPTYPJ Y3BIHABIKTAFbl AIKWI OpBIHOAcApNIaphIHBIH Oap EKCHIH
nonengeini. Kopvimwinovl. JKaHa HM30NEHTHIIUTHOKapOaMar THOA(UPIEpIHIH KaTapblH CHHTE3/CY
mIapTTapbl  JKaCalbIHIBL.  Y3BIHIBIFBI  OPTYPAl  ankuid  (parMeHTTepIMEH  CHUHTE3JeJreH
M30MEHTWIIUTHOKAapOaMaT THOAGHpIepl onapAblH (IIOTAMSIBIK KaCHETTEPiH XoHE (IIOTOpearcHTTep
peTiHzae KoiIaHy MYMKIHAITIH OJJaH 9pi 3epTTeyre KbI3bIFYIIBUIBIK Ty IbIPAIbL.

Tyiiinai ce3mep: M3OMCHTUIANTHOKAPOAMAT, ANKWI- KOHE AUAIKWIA THOI(DUD, ANKUIICY PEAKIHSICHI,
Kypbltbiv, MK-criextpockomus, *H xone 3C SIMP-crekTpocKonuschl
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Pestome.  Bgeoenue.  JlutnoxapOamaTbl W MX  IPOU3BOAHBIC  SIBJISIOTCS  MEPCHEKTHBHBIMU
CepOCOICPXKAIMMH COCIMHEHHSAMH, NMPUMEHIEMbIMH B KauyecTBE ()JIOTOPEAareHTOB MpH (GIOTALMOHHOM
00OraleHul MUHEPAIbHOTO ChIpbs. M3MeHeHHe CTpOEHMs yrJIeBOIOPOJHOTO 3aMECTUTEINSI U BBEJCHHE
JIOTIOJTHUTENBHBIX  (DYHKLIMOHAIBHBIX (PParMEHTOB IO3BOJIIOT PEryJIMpoBaTh HX IOBEPXHOCTHbIE
CBOWCTBA. []enblo 0aHH020 uccied08aHs SBISIICS CHHTE3 HOBBIX JIKWJIOBBIX M THAJIKMIIOBBIX THOR(HPOB
Ha OCHOBE M3OINCHTWIIUTHOKapOamMaToB, M ycraHoBieHHe ux cTpykrypsl VK u SIMP cnekrpanbHbIMU
Meronamu. Pesyrbmamut  u  obcyscoenue. B pesynpTaTe B3aMMOACHCTBUS HW30NEHTWIIAMHHA C
CepoyriaepoioM B IIEIOYHOW Cpelie MOJy4eHbI ITHMHATPHEBAas COJIb M3OMEHTWI-OMC(IUTHOKapbamara) u
M3OMEHTUIMTHOKapOamaT HaTpust ¢ BeIxonamu 58 u 30%, coorBerctBeHHO. Ilocienyromas peakius
cojieil ¢ OpoMHUIaMH T'eKCHJIa, TeNTWIA, OKTHJIA, HOHMJIA M JeIHa TO3BOJIMIA CHHTE3UPOBATH CEPHIO
QIKUJIOBBIX M JUAIKUIOBBIX THOA(UPOB ¢ Bbixogamu 75-98%. CocTaB M CTPYyKTypa CHHTE3UPOBAHHBIX
COCJMHEHHUH TOATBEPXKJCHBI METOAaMH 3JeMeHTHoro aHaimsa, WUK-, H u BC SAMP-cnekTpockonuu.
CrieKTpaJlbHbIe XapaKTEPUCTHKUA CBHICTEIBCTBYIOT O HAIMYMH JAWUTHOKapOamMaTHOTro (QparMeHrta,
H3OMEHTWIPHOTO 3aMECTHTENsI M AIKWIBHBIX 3aMECTHTENed pa3InyHOi JIMHBL — 3akmioueHue.
Pa3paGoranbl ~ yClIOBHS ~ CHHTE3a CEPUM  HOBBIX  H30NEHTWIANTHOKApOAMaTHBIX  THOI(PHPOB.
CHHTE3UpOBaHHBIC H30NEHTWIIUTHOKApOaMaTHbIE THOI(HPHl C BapbUPYEMOH JUIMHON alKWIBHOTO
(parMeHTa MPEACTABISAIOT HHTEPEC JUISl JalbHEHIIero H3ydeHHs HX (IOTAlMOHHBIX CBOMCTB U
BO3MOXHOCTH NMPUMEHEHHSI B KauecTBe (pIIOTOPEareHToB.

KioueBble c¢j10Ba: M3ONCHTHIAMTHOKApOAaMar, alKWil- W AWAIKWIOBBIH  THOIGHp, peakuus
aNKUIMpoBanus, cTpykTypa, UK-crexrpockonus, cnekrpockonus IMP *H u 1°C.
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