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Abstract  

By reaction of equimolar ratios of hexanthiol and 1-bromheptan-2-ol in 

alkaline medium (40% solution of NаOH in water), at temperature            

50–60˚С, for 3–4 h previously unknown sulphur-containing secondary 

alcohol – 1-hexylsulfanylheptan-2-ol with yield 68% has been synthesized. 

Then by condensation on Mannich on the basis of synthesized alcohol, 

secondary aliphatic and cyclic amines in the presence of formaldehyde the 

new aminomethoxy derivatives of 1-hexylsulfanylheptane with yields    

66-71% have been synthesized. The reaction was carried out at equimolar 

ratio of the initial reagents and temperature 45-50˚С for 3-4 h. The 

physical-chemical indices of the synthesized compounds have been 

determined, their structures have been confirmed by methods of elemental 

analysis, IR, NMR 
1
Н and 

13
С spectroscopy. Aminomethoxy derivatives of 

1-hexylsulfanylheptane have been tested as the antimicrobial substances 

against bacteria and fungi. The results of study of the antimicrobial activity 

show that the tested compounds exhibit more strongly pronounced 

antimicrobial activity than ethanol, carbolic acid, rivanol, nitrofungin used 

in practice. The tested compounds can be recommended as antimicrobial 

preparations 

Keywords:  hexylsulfanylheptan-2-ol, formaldehyde, secondary amines, aminomethoxy 

derivatives of hexylsulfanylheptane, condensation on Mannich, antiseptic 

properties 

Introduction  

The organic compounds containing various functional groups and hetero atoms, such as 

sulphur and nitrogen are widely used as the effective biologically active substances and 

pharmaceutical preparations and also have been used as the additives for improvement of the 

quality of oils and fuels [1, 2]. The task of synthesis of these compounds used in various 

chemical fields is very actual not only for development of the synthetic organic chemistry, but 

also for investigations of applied character. In this connection, the synthesis of new similar 

compounds on the basis of available raw materials and improved techniques continues to attract 

the attention of researchers [3–5]. One of the convenient and perspective methods of the 
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synthesis of new generations of the sulfur-containing aminomethoxy derivatives is the three-

component, single-reactor Mannich reaction, since the use of a wide assortment of the initial 

compounds with mobile hydrogen and also various amine and aldehyde components allows to 

obtain a wide range of the polyfunctional derivatives of this class of compounds [6]. The 

multicomponent Mannich reaction is the ecologically pure and classical method of preparation of 

biologically active and medical preparations, and is one of the most important perspective 

reactions of organic chemistry [7]. The products obtained as a result of this reaction – Mannich 

bases are of particular interest not only due to biological activity, but also are used as the 

synthetic building blocks and precursors of valuable pharmaceutical preparations. 

Results and Discussion 

Continuing our investigations in the field of aminomethoxy derivatives of alkylthioalkanes 

[8, 9], in this work the results of synthesis and investigation of properties of aminomethoxy 

derivatives of 1-hexylsulfanylheptane have been presented. With this aim firstly by reaction of 

equimolar quantities of hexanthiol (I) and 1-bromheptan-2-ol (II) in alkaline medium (40% 

solution of NaOH in water) at temperature 50–60°С for 3–4 h previously unknown sulphur-

containing secondary alcohol – 1-hexylsulfanylheptan-2-ol (III) with yield 68% has been 

synthesized (scheme 1). 

 
Scheme 1 

 

Then by condensation on Mannich 1-hexylsulfanylheptan-2-ol (III) with formaldehyde in 

the presence of secondary amines (IVа–g) at equimolar ratio of the initial reagents and 

temperature 45-50°С led to the new representatives of 1-hexylsulfanyl-2-aminomethoxyheptanes 

(Vа–g). The reaction proceeds on scheme 2. 

 
Scheme 2. 

R
I
=R

II
= C2H5 (IVa, Va); C3H7 (IVb, Vb); C4H9 (IVc, Vc); C5H11 (IVd, Vd);  Х = CH2 

(IVe, Ve); O (IVf, Vf); CH2–CH2 (IVg, Vg). 
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The synthesized 1-hexylsulfanylheptan-2-ol (III) and its amino derivatives (Vа–g) are the 

transparent liquids with characteristic odors. The compounds (III, Vа–g) are insoluble in water, 

but are well dissolved in organic solvents (ethanol, acetone, benzene, CHCl3, CCl4 etc.). 

The composition and structure of the obtained compounds have been established on the 

basis of data of elemental analysis, IR, NMR 
1
Н and 

13
С spectroscopy. 

In the IR spectrum of the compound (III) it is observed a wide absorption band in the field 

of 3540 cm
-1

, characteristic for valence vibrations of hydroxyl group (νОН) of secondary alcohol, 

which absents in the corresponding spectra of the compounds (Vа-g). In the IR spectra of the 

compounds (III, Vа–g) there are absorption bands at 2935-2890 and 2850-2800 cm
-1

 

characteristic for valence vibrations (νCН) of C–H bonds of СН3 and СН2 groups, respectively. In 

the IR spectra of these compounds there are intensive bands of non-planar deformation 

vibrations δС–Н in the field of 700–650 cm
-1

. The valence vibrations νС–Н are appeared in the field 

of 1100–1050 cm
-1

 as an intensive band and a vibration of C–N bond – in the field of                    

1220-1200 cm
-1

 as a band of average intensity. In the IR-spectra of all compounds the absorption 

bands in the field of 740-730 cm
-1

, characteristic for valence vibrations of bond C–S (νC–S) have 

been detected. 

The NMR 
1
Н and

 13
С-spectra of the synthesized compounds also confirm their structure. 

Aminomethoxy derivatives of 1-hexylsulfanylheptane (Vа–g) have been tested as the 

antimicrobial substances. The antimicrobial activity of substances was studied by a method of 

serial dilutions. Gram-negative (Escherichia coli and Pseudomonas aeruginosa), gram-positive 

(Staphylococcus aureus), sporiferous (anthracoid) bacteria and yeast-like fungi (Candida genus) 

were taken as the test cultures. The results of study of the antimicrobial activity show that the 

tested compounds exhibit more strongly pronounced antimicrobial activity than ethanol, carbolic 

acid, rivanol, nitrofungin used in practice. The comparative tests showed that the compounds 

containing amines (Vе–g) have more strong antimicrobial properties than the compounds 

containing aliphatic amines (Vа–d). The tested compounds (Vе–g) can be recommended as the 

antimicrobial preparations.  

Experimental Part 

The IR spectra have been obtained on the apparatus “Spektrum BX” and “Bruker” of firm 

“ALPHA IR FURYE” (Germany) in the field of 4000–400 cm
-1

. NMR 
1
Н and 

13
С spectra  have 

been recorded on the spectrometer “Bruker” АМ-300, at frequency 300 MHz, solvent С6D6, 

internal standard HMDS. The elemental analysis has been carried out on the apparatus 

“CARLOERBA”, model ЕА 1108. The refraction index has been measured on the refractometer  

“ABBEMAT” 350/500. The density has been determined on the apparatus “DMA” 4500M.  

For synthesis of the initial 1-hexylsulfanylheptan-2-ol there have been used the reactive          

1-bromheptanol hexanthiol (I) and (III), and for synthesis of purposeful products of 

aminomethoxy derivatives of hexylsulfanylheptane (Va–g) – the aliphatic amines: diethylamine 

(IVа), dipropylamine (IVb), dibutylamine (IVс), dipentylamine (IVd); heterocyclic amines: 

piperidine (IVе), morpholine (IVf), hexamethylenimine (IVg) as the reagents. Before use, all the 

initial reagents were dried, distilled and determined their physical-chemical constants, which 
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coincide with the literature data. The ammonia water, being a medical preparation, was used as 

10% solution. As a solvent the benzene was used, which was purified and dried according to the 

known method [11]. Paraformaldehyde – polymerization product of formaldehyde consisting of 

8–100 monomers. In heating, it is depolymerized to formaldehyde. It was used as a reactive 

powder.  

The antimicrobial activity of substances (Va–g) has been studied by a method of serial 

dilutions on several strains of microorganisms. MPA with pH 7.2–7.4 (for bacteria) and Saburo 

medium (for fungi) were used as the nutrients. A degree of dilution – 1:200; 1:400; 1:800; 

1:1200.  For comparison, the ethanol, phenol, rivanol and nitrofungin have been investigated in 

the same dilutions. Seeding was carried out in 10, 20, 30, 40 and 60 minutes for bacteria and 

fungi.  

1-Hexylsulfanylheptan-2ol (III). 48.8 g (0.25 mol) of 1-bromheptan-2-ol (II) in vigorous 

stirring was added dropwise  to a mixture of 29.5 g (0.25 mol) of 1-hexanthiol (I) and 10 g (0.25 

mol) of NаOH in 15 ml water (40% solution) at 50–60°С and was mixed for 3–4 h. After cooling 

the benzene was added to the mixture, the solution washed with water before neutral reaction, 

dried over MgSO4. After distillation of the solvent, the residue was distilled in vacuum. Yield 

39.5 g (68%), b.p. 119–120°С (1 mm merc.c.), n 20

D  1.4708, d 20

4  0.9069. MRD found 62.32, calc. 

62.61. IR spectrum, ν, cm
-1

: 2930 (СН3), 2850 (СН2), 3540 (ОН). NMR spectrum
 1

Н, δ, ppm.: 

0.99 t (6 Н, 2СН3, J = 7.4 Hz), 1.21–1.26 m (4H, 2CH2), 1.34 m (2H, CH2), 1.41–1.53 m (10H, 

(CH2)5), 2.2 s (1H, OH), 2.47 d.d. (1H, CH2, J = 14.0 Hz, J = 7.7 Hz), 2.58 d.d (1H, CH2S,                 

J = 14.0 Hz, J = 7.7 Hz), 4.04 m (1H, CHO), 4.59 c (2H,OCH2N). NMR 
13

С spectrum, δ, ppm.: 

14.4, 15.2, 16.4, 17.5, 18.2, 19.2, 35.4, 36.4, 39.6, 38.3, 69.9. Found, %: С 66.98; H 12.08; S 

13.70. C13H28OS. Calculated, %: C 67.19; H 12.14; S 13.77. 

Aminomethoxy derivatives of 1-hexylsulfanylheptan-2-ol (Va–g). General technique. 

0.03 mol of secondary amine (IVa–g) in 10 ml benzene at 20–22°С in mixing was added 

dropwise to a mixture of 0.3 mol of hexylthioheptan-2-ol and 0.03 mol of formaldehyde in 30 ml 

benzene and mixed for 4–5 h at 50–60°С. After cooling the mixture was treated with ammoniac 

solution (10%). After distillation of the benzene, the residue was distilled in vacuum. 

1-Hexylsulfanyl-2-(N,N-diethylaminomethoxy)heptane (Va) has been prepared from 

6.96 g (0.03 mol) of compound (III), 0.9 g (0.03 mol) of formaldehyde and 2.19 g (0.03 mol) of 

diethylamine  (IVa). Yield 6.32 g (66%), b.p. 138–139°С (1 mm merc.c.), n 20

D  1.4616, d 20

4  

0.8804. MRD found 89.42, calc. 89.86. IR-spectrum, ν, cm
-1

: 2930 (СН3), 2850 (СН2), 1200 (С–

N), 730 (С–S). NMR 
1
Н spectrum, δ, ppm.: 0.96 t (6Н, 2СН3, J = 7.4 Hz), 1.03 t (3H, CH3, J = 

7.5 Hz), 1.07 t (3H, CH3, J = 7.5 Hz), 1.19–1.26 m (4H, 2CH2), 1.32–1.39 m (10H, (CH2)5), 

1.45–1.52 m (2H, CH2), 1.65 m (2H, CH2), 2.49 d.d (1H, CH2S, J = 14.0 Hz, J = 7.7 Hz), 2.61 

d.d (1H, CH2S, J = 14.0 Hz, J = 7.7 Hz), 3.03 q (4H, 2CH2N), 4.04 m (1H, CHO), 4.59 s (2H, 

OCH2N). NMR 
13

С-spectrum, δ, ppm.: 14.3, 15.4, 16.3, 17.5, 18.1, 19.1, 35.4, 36.2, 38.4, 39.5, 

69.3. Found, %: С 67.86; H 12.32; N 4.37; S 10.02. C18H39NOS. Calculated, %: С 68.07; Н 

12.38; N 4.41; S 10.09. 

1-Hexylsulfanyl-2-(N,N-dipropylaminomethoxy)heptane (Vb) has been prepared from 
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6.96 g (0.03 mol) of compound (III), 0.9 g (0.03 mol) of formaldehyde and 3 g (0.03 mol) of 

dipropylamine. Yield 6.81 g (65%), b.p. 142–143ºС (1 mm merc.c.), n 20

D  1.4608, d 20

4  0.8736. 

MRD found 108.52, calc. 108.45. IR spectrum, ν, cm
-1

: 2925 (СН3), 2855 (СН2), 1210 (С–N), 

725 (С–S). 
1
Н NMR spectrum, δ, ppm.: 0.94 t (6H, 2CH3, J = 7.4 Hz), 1.06 t (3H, CH3, J = 7.5 

Hz), 1.08–1.13 m (3H, CH3, J = 7.5 Hz), 1.21–1.32 m (14 H, 7CH2), 1.45–1.48 m (6H, (CH2)3), 

1.65–1.71 m (2H, CH2), 2.49 d.d (1H, CH2S, J = 14.0 Hz, J = 7.7 Hz), 2.61 d.d(1H, CH2S, J = 

14.0 Hz, J = 7.7 Hz), 3.03 q (4H, 2CH2N), 4.04–4.11 m (1H, CHO), 4.56 s (2H, OCH2N). NMR 
13

С, δ, ppm.: 14.1, 15.3, 16.5, 17.5, 18.1, 20.2, 35.2, 36.4, 37.3, 38.6, 39.6, 69.8. Found, %: С 

69.31; H 12.48; N 4.01; S 9.19. C20H43NOS. Calculated, %: С 69.50; Н 12.54; N 4.05; S 9.28. 

1-Hexylsulfanil-2-(N,N-dibutylaminomethoxy)heptane (Vс) has been prepared from 

6.96 g (0.03 mol) of compound (III), 0.9 g (0.03 mol) of formaldehyde (III), and 3.87 g (0.03 

mol) of dibutylamine (IVс). Yield 8.4 g (75%), b.p. 178–179°С (1 mm merc.c.), n 20

D  1.4608, d 20

4  

0.8708, МRD found 117.62, calc. 117.75. IR-spectrum, ν, cm
-1

: 2890 (СН3), 2850 (СН2), 1200 

(СN), 730 (С–S). NMR 
1
Н-spectrum, δ, ppm.: 0.99 t (6Н, 2СН3, J = 7.4 Hz), 1.03 t (3Н, СН3, J 

= 7.5 Hz), 1.07 t (3Н, СН3, J = 7.5 Hz), 1.22–1.33 m (14Н, 7СН2), 1.45–1.51 m (6H, (CH2)3), 

1.65–1.73 m (6H, (CH2)3) 2.49 d.d (1Н, СН2S, J = 14Hz, J = 7.7 Hz), 2.63 d.d (1Н, СН2S, J = 

14.0 Hz, J = 7.7 Hz), 3.02 q (4Н, 2СН2N), 4.04–4.11 m (1Н, СНО), 4.56 s (2Н, ОСН2N). NMR 
13

С-spectra, δ, ppm: 14.6, 15.6, 16.4, 17.4, 18.2, 20.2, 35.3, 36.4, 37.4, 38.5, 39.6, 69.8. Found, 

%: С 70.54; Н 12.62; N 3.68; S 8.52. C22H47NOS. Calculated, %: С 70.71; Н 12.68; N 3.75; 

S 8.58. 

1-Hexylsulfanyl-2-(N,N-dipentylaminomethoxy)heptane (Vd) has been prepared from 

6.96 g (0.03 mol) of compound (III), 0.9 g (0.03 mol) of formaldehyde (III) and 4.7 g (0.03 mol) 

of dipentylamine  (Vd). Yield 8.47 g (70%), b.p. 183–185°С (1 mm merc.c.), n 20

D  1.4600, d 20

4   

0.8644, МRD found 127.30, calc. 127.04. IR spectrum, ν, cm
-1

: 2910 (СН3), 2870 (СН2), 1210 

(СN), 730 (С–S). NMR 
1
Н spectrum, δ, ppm.: 0.98 t (3Н, СН3, J = 7.4 Hz), 1.01 t (3Н, СН3, J = 

7.5 Hz), 1.21 t (6Н, 3СН3), 1.32–1.48 m (18Н, 9СН2), 1.51–1.58 m (10H, (CH2)5), 1.65–1.73 m 

(6Н, 3СН2), 2.49 d.d (1Н, СН2S, J = 14.0 Hz, J = 7.7 Hz), 2.61 d.d (1Н, СН2S, J = 14.0 Hz, J = 

7.7 Hz), 4.04 m (1Н, СНО), 4.51 s (2Н, ОСН2N). NMR 
13

С spectra, δ, ppm.: 14.4, 15.2, 16.4, 

17.5, 18.2, 19.2, 20.45, 21.33, 26.21, 35.4, 36.4, 37.87, 38.21, 39.6, 69.9. Found, %: С 71.56; 

Н 12.72; N 3.45; S 7.91. С24Н51NOS. Calculated, %: С 71.75; Н 12.79; N 3.49; S 7.98.  

1-Hexylsulfanyl-2-piperidinomethoxyheptane (Vе) has been prepared from 6.96 g (0.03 

mol) of reagent (III), 0.9 g (0.03 mol) of formaldehyde (III) and 2.5 g (0.03 mol) of piperidine 

(IVе). Yield 6.51 g (67%), b.p. 166–167°С (2 mm merc.c.), n 20

D  1.4772, d 20

4  0.9134, МRD found 

101.96, calc. 101.75. IR-spectrum, ν, cm
-1

: 2935 (СН3), 2800 (СН2), 1200 (С–N), 730 (С–S). 

NMR 
1
Н spectrum, δ, ppm.: 0.96 t (3Н, СН3, J = 7.4 Hz), 1.03 t (3Н, СН3, J = 7.5 Hz), 1.21–

1.28 m (6Н, 3СН2), 1.32–1.45 m (8Н, 4СН2), 1.51–1.59 m (6H, (CH2)3), 1.65–1.76 m (4Н, 

2СН2), 2.48 d.d (1Н, СН2S, J = 14.0 Hz, J = 7.7 Hz), 2.63 d.d (1Н, СН2S, J = 14.0 Hz, J = 7.7 

Hz), 3.03 q (4Н2, 2СН2N), 4.04–4.07 m (1Н, СНО), 4.51 s (2Н, ОСН2N). NMR 
13

С spectra, δ, 
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ppm: 14.1, 15.1, 16.4, 17.3, 18.2, 19.2, 20.45, 21.33, 26.22, 35.4, 36.3, 39.6, 69.8. Found, %: 

С 69.03; Н 11.86; N 4.20; S 9.68. С19Н39NOS. Calculated, %: С 69.24; Н 11.93; N 4.25; S 9.73. 

1-Hexylsulfanyl-2-morpholinomethoxyheptane (Vf) has been prepared from 6.96 g 

(0.03 mol) of compound (III), 0.9 g (0.03 mol) of formaldehyde (III) and 2.61 g (0.03 mol) of 

morpholine (IVf). Yield 7.05 g (71%), b.p. 182–184°С (2 mm merc.c.), n 20

D  1.4768, d 20

4  0.9510, 

МRD found 98.41, calc. 98.87. IR spectrum, ν, cm
-1

: 2935 (СН3), 2850 (СН2), 1200 (С–N), 730 

(С–S). NMR 
1
Н spectrum, δ, ppm: 0.98 t (3Н, СН3, J = 7.4 Hz), 1.01 t (3Н, СН3, J = 7.5 Hz), 

1.21–1.32 m (14Н, 7СН2), 1.45 m (2Н, СН2), 1.51–1.59 m (6H, (CH2)3), 2.99 d.d (1Н, СН2S,     

J = 14.0 Hz, J = 7.7 Hz), 2.61 d.d (1Н, СН2S, J = 14.0 Hz, J = 7.7 Hz), 3.03 q (4Н, 2СН2N), 4.04 

m (1Н, СНО), 4.51 s (2Н, ОСН2N). NMR 
13

С spectra, δ, ppm: 14.0, 15.2, 16.5, 17.5, 18.2, 19.1, 

20.45, 21.31, 26.21, 35.4, 36.4, 39.6, 69.9. Found, %: С 65.01; Н 11.19; N 4.18; S 9.59. 

С18Н37NO2S. Calculated, %: С 65.20; Н 11.25; N 4.22; S 9.67. 

1-Hexylsulfanyl-2-hexamethyleniminomethoxyheptane (Vg) has been prepared from 

6.96 g (0.03 mol) of compound (III), 0.9 g (0.03 mol) of formaldehyde (III) and 2.61 g (0.03 

mol) of hexamethylenimine (IVg). Yield 7.20 g (70%), b.p. 170–172°С (1 mm merc.c.), n 20

D  

1.4768, d 20

4  0.9124, МRD found 106.33, calc. 106.40. IR spectrum, ν, cm
-1

: 2935 (СН3), 2850 

(СН2), 1220 (С–N), 730 (С–S). NMR 
1
Н spectrum, δ, ppm.: 0.98 t (3Н, СН3, J = 7.4 Hz), 1.01 t 

(3Н, СН3, J = 7.5 Hz), 1.21–1.32 m (14Н, 7СН2), 1.45 m (2Н, СН2), 1.53–1.63 m (10H, (CH2)5), 

2.49 d.d (1Н, СН2S, J = 14.0 Hz, J=7.7 Hz) 2.61 d.d (1Н, СН2S, J = 14.0 Hz, J = 7.7 Hz), 3.03 q 

(4Н, 2СН2N), 4.04 m (1Н, СНО), 4.51 s (2Н, ОСН2N). NMR 
13

С spectra, δ, ppm: 14.4, 15.2,  

16.4, 17.5, 18.2, 19.2, 20.45, 21.33, 26.21, 35.4, 36.4, 39.6, 69.9. Found, %: С 69.74; Н 11.98; N 

4.02; S 9.27. С20Н41NOS. Calculated, %: С 69.91; Н 12.03; N 4.07; S 9.33. 

Conclusions  

The new representatives of aminomethoxy derivatives of 1-hexylsulfanylheptane on the 

basis of Mannich condensation reaction of 1-hexylsulfanylheptan-2-ol, secondary alkyl and 

cyclic amines in the presence of formaldehyde have been synthesized. The structure of the 

prepared compounds have been confirmed by the methods of elemental analysis, IR, NMR 
1
Н 

and 
13

С spectroscopy. The synthesized compounds have been tested as the antimicrobial 

compounds against bacteria and fungi, it has been established that they are more effective 

antiseptic substances than medical preparations used currently. 
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