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Abstract 

When hydrogen sulfide is reacted with 1-piperidino-2,3-epoxypropane there is 

formed 1-piperidino-2-hydroxypropan-3-thiol. The latter reacts by Mannich with 

formaldehyde and secondary aliphatic and heterocyclic amines, forming 

aminomethyl derivatives of 1-piperidino-2-hydroxypropan-3-thiol. In the study of 

the antimicrobial properties of aminomethyl derivatives of 1-piperidino-2-

hydroxypropan-3-thiol, it is established that these compounds inhibit the growth 

of microorganisms that affect lubricating oils and do not adversely affect the 

physicochemical and operational properties of M-12 oil. Also, in the study of 

synthesized compounds as antimicrobial additives to lubricating oils, the 

relationship between the effectiveness of their composition and structure was 

revealed 
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As is known, petroleum oils during storage, transportation and operation are exposed to 

microorganisms, which adversely affect the physicochemical properties of oils, which leads to a 

reduction in their service life. To prevent microbiological damage to oils, it is recommended to 

add N- and S-containing organic compounds of various structures to them [1-8]. 

Despite the presence of a significant number of additives, many of them, for a number of 

reasons, currently do not find practical application. The problem of improving the antimicrobial 

properties of oils and the search for substances suitable for this purpose is one of the important 

tasks of researchers. 

In order to develop new highly effective antimicrobial additives, the authors synthesized 1-

piperidino-2-hydroxypropan-3-thiol and a number of its aminomethyl derivatives and 

investigated their antimicrobial properties in order to identify the patterns determined by their 

structure. 

The synthesis was carried out as follows: according to a known procedure, 1-piperidino-

2,3-epoxypropane was obtained [9]. Then, 1-piperidino-2-hydroxypropan-3-thiol (I) was 

synthesized by treating 1-piperidino-2,3-epoxypropane with hydrogen sulfide. By the action to 

the latter by formalin and secondary aliphatic or heterocyclic amines, the corresponding 
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aminomethyl derivatives (II a-d) were obtained. The reactions are carried out according to the 

following schemes: 
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Physico-chemical characteristics of the obtained compounds are presented in Tab.1. 

 

Table 1. The yields, constants and elemental analysis data of 1-piperidino-2-hydroxypropan-

3-thiol (I) and its aminomethyl derivatives (II a-d) 

№ com- 

pounds 

Yield, 

   % 
   B.p.,С d 20

D

 
n 20

D

 Found / calculated , % Formula 

C    H      N S 

I 82 115-117 

(3mm) 

1.0321 1.4978 54.82 

55.24 

9.78 

9.42 

7.99 

8.47 

18.29 

18.70 

C8H17NOS 

II а 78 Non-per-  me-

meting             

clear 

liquid 

0.9552 1.4768 59.95 

60.35 

10.84 

11.16 

10.76 

10.45 

12.31 

12.70 

C13H28N2OS  

II b 68 " ˗˗˗˗˗  " 0.9466 1.4892 64.50 

65.00 

11.46 

11.05 

8.85 

8.54 

10.13 

9.84 

C17H36N2OS  

II c 80 " ˗˗˗˗˗  " 1.0632 1.5117 57.40 

56.90 

9.13 

9.55 

9.81 

10.21 

12.13 

11.68 

C13H26N2O2S  

II d 85 " ˗˗˗˗˗  " 1.0364 1.5220 61.72 

62.02 

10.36 

10.15 

10.28 

10.59 

11.77 

12.18 

C14H28N2OS  

The composition and structure of the obtained aminomethyl derivatives of 1-piperidino-2-
hydroxypropan-3-thiol is confirmed by elemental analysis data and spectral methods. The 
synthesized compounds dissolve well in oils and are stable when stored in oils. 
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In the study of the antimicrobial properties of the synthesized aminomethyl derivatives of 1-
piperidino-2-hydroxypropan-3-thiol, it was established that these compounds in a concentration 
of 0.5-1.0% mass. inhibit the growth of microorganisms that affect lubricating oils and do not 
adversely affect the physicochemical and operating  properties of M-12 oil. 

The test results are presented in Tab. 2. A definite relationship has been established 
between the structure of aminomethyl derivatives of 1-piperidino-2-hydroxypropan-3-thiol and 
the development of microorganisms affecting oils. 

Table 2. Effect of aminomethyl derivatives of 1-piperidino-2-hydroxypropan-3-thiol on the 
antimicrobial properties of oil M-12 

№                
               Test sample 

    
  Concentration, 

% . 

 Zones of oppression of 
microorganisms, sm 

       Bacteria          Fungi 

1 Oils   М-12 - + + 

2 I 0.5 
1.0 

1.1 
1.5 

0.6 
0.8 

3 IIа 0.5 
1.0 

0.7 
0.9 

0.5 
0.6 

4  II b 0.5 
1.0 

0.8 
1.0 

0.3 
0.9 

5 II c 0.5 
1.0 

1.2 
1.6 

0.8 
1.2 

6 II d 0.5 
1.0 

1.6 
2.0 

1.2 
1.6 

7 Sodium pentachlorophenolate 
(reference) 

1.0 1.6 1.6 

From the table it follows that with the introduction of 1-piperidino-2-hydroxypropyl-3-
diethylaminomethyl- (IIa) and 1-piperidino-2-hydroxypropyl-3-dibutylaminomethyl sulfides 
(IIb) in the composition of oils in a concentration of 0.5-1.0% mass. the growth of bacteria and 
fungi affecting lubricating oils is suppressed to a lesser extent than when using derivatives of 1-
piperidino-2-hydroxypropyl-3-morpholylmethyl (IIc) and 1-piperidino-2-hydroxypropyl-3-
piperidylmethyl sulfides (IId) taken in the same concentrations. For example, in the presence of 
1-piperidino-2-hydroxypropyl-3-dibutylaminomethyl sulfide at a concentration of 1%, the zone 
of inhibition of the growth of bacteria and fungi reaches 1.0 and 0.8 cm, and the zone of 
inhibition of the growth of bacteria and fungi in the case of 1-piperidino-2-hydroxypropyl-3- 
piperidylmethylsulfide reaches 2.0 and 1.6 cm, respectively. 
 The antimicrobial efficiency of aminomethyl derivatives of 1-piperidino-2-
hydroxypropan-3-thiol is significantly interrelated with the presence of sulfide and amine groups 
in their composition. 
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 The mechanism of action of antimicrobial additives is explained by their effect on the 
cells of fungi and bacteria, in which individual systems regulating the metabolism of these cells 
are disabled. 

Experimental Part 

NMR spectra of 
ı
H, 

13
C were taken on a Bruker AV -300, spectrometer at a working  

frequency of 300.18 MHz. As a solvent, SDCl3, .was used, the internal standart was 
hexamethildisiloxane (HMDS). 

1-piperidino-2-hydroxypropan-3-thiol (I) 
In a three-necked flask were placed 15 g (0.1 mol) of piperidino-2,3-epoxypropane 

dissolved in 50 ml of ethanol and 0.3 g of NaOH dissolved in 15 ml of water. The reaction 
mixture was cooled to a temperature of 5 + 10 ° C and hydrogen sulfide was fed into the mixture 
for an hour. After completion of the reaction, the mixture was extracted with benzene and dried 
over anhydrous sodium sulfate. After distillating off the solvent,  15.3 g (82%) of compound I 
was isolated by distillation under vacuum. 

Spectrum (compound I, Fig. 1) NMR 
ı
H, δ, m.s. 1.38 tt (2H, -CH2 CH2 CH2-); 1.49 tt (4H, 

- CH2CH2CH2 -); 2.27 d (2H, - CH2 -SH); 2.30 d (2H, ˃N CH2- ); 2.51 tt  (4H, - CH2N CH2-); 
2.76 s (1H, SH); 3.71m (1H, CH). 

13
C NMR spectrum, δ, m.s.: 24.14 (-CH2 CH2 CH2-); 25.97 (-CH2CH2CH2-); 29.25               

(-CH2-SH); 54.72 (˃N CH2- -); 65.03 (-CH2N CH2-); 67.39 ( -). 
 

 
a) 1

H 
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Fig. 1. NMR spectra of 1-piperidino-2-hydroxypropan-3-thiol 

 

1-Piperidino-2-hydroxypropyl-3-piperidylmethylsulfide (II d) 

To 6.2 ml of a 20% aqueous solution of formaldehyde, there was added dropwise, at 20-

25°C, 4 g (0.04 mol) of piperidine, then 6 g (0.04 mol) of piperidino-2-hydroxypropanethiol-3 in 

50 ml of benzene. An increase in temperature from 25 °C to 35 °C was observed. The mixture 

was stirred for another 4 hours at a temperature of 75-80 °C. After completion of the reaction, 

28% sodium hydroxide solution (1 g of NaOH + 2.5 ml of H2O) was added to the mixture. Then 

the benzene solution was washed with water and dried with sodium sulfate, after which benzene 

was distilled off. The residue is the desired product (II d). 

Compounds (II a-b) were similary obtained, the characteristics of which are given in the 

table. 

Spectrum (compound II d, Fig. 2) NMR 
ı
H, δ, m.s. : 1.44 tt (4H, - CH2 CH2 CH2 -); 1.55 tt 

(8H, - CH2CH2CH2 -); 2.35d (2H, -CH2-S-); 2.40 d (2H, ˃N CH2-  -); 2.56 tt (8H, - CH2N 

CH2 -); 3.51 s (2H, -SCH2-N˂); 3.78m (1H, CH). 
13

C NMR spectrum , δ, m.s. : 24.28 (-CH2 CH2 CH2 -); 25.97 (CH2CH2CH2-); 41.11 (-CH2-S-); 

52.64 (˃N CH2-  ); 55.20 (-CH2N CH2 -); 64.25 (-SCH2-N˂); 68.83 ( -) [10]. 

 

b) 13
C 
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Fig. 2. NMR spectra of 1-piperidino-2-hydroxypropyl-3-piperidylmethylsulfide 

 

a) 1
H 

b) 13
C 
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 In the study of the antimicrobial properties of the synthesized aminomethyl derivatives of 

1-piperidino-2-hydroxypropan-3-thiol, M-12 oil was used. The test for resistance to the action of 

mold fungi was carried out according to GOST 9.052-88, and for resistance to the effects of 

bacteria - according to GOST 9.082-77. 

Fungi and bacterial microflora were used as test cultures. The experiments were carried out 

on solid environment MPA and CA at a temperature of 32-340С for 30-40 days. 

The growth of microorganisms was assessed by five-point system. Samples not affected by 

microbes were considered practically unsubstantiated microbiological corrosion. The first sign of 

the growth of fungi and bacteria was determined visually by suppressing the ring-wall ring in 

Petri dishes and the appearance of aerial mycelium. 

The growth of the test culture was evaluated in centimeters. Sodium pentachlorophenolate 

in oil was used as a reference standard. 

Conclusion 

1. Synthesized 1-piperidino-2-hydroxypropan-3-thiol and on its basis 1-piperidino-2-       

hydroxypropyl-3-aminomethylsulfides are obtained. 

2. Aminomethyl 1-piperidino-2-hydroxypropan-3-thiol derivatives have been studied as 

antimicrobial additives for lubricating oils. It has been established that aminomethyl 1-

piperidino-2-hydroxypropan-3-thiol derivatives, obtained on the basis of secondary 

heterocyclic amines, are effective antimicrobial additives to lubricating oils. 
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