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Abstract 

Norborn-5-ene-2-carboxylic acid amide was synthesized based on 

norborn-5-ene-2-carboxylic acid and triethylene-tetraamine, as well as 

complexes of this amide with alkyl halides at various ratios (1:1, 1:2, 1:3). 

Norborn-5-ene-2-carboxylic acid was synthesized for the first time by 

reacting cyclopentadiene with acrylic acid. Then, N-(2,2-bicyclo[2.2.1] -

4,5-dihydro-1H-1-ylethyl)ethane-1,2-diamine was obtained by reacting the 

norborn-5-ene-2-carboxylic acid with triethylentetraamine. The physico-

chemical parameters of the obtained complexes were determined, their 

solutions were prepared at three different concentrations (25; 50; 100 

mg/l), and their effect on the vital activity of sulphate-reducing bacteria at 

a temperature of 30-32
0
С for 7-14 days was studied. It was established that 

complexes with butyl iodide at a concentration of 100 mg/l exhibit 92-94% 

bactericide-inhibitory effect, the complexes with octyl bromide at a 

concentration of 50 mg/l 91,2-96.5%, and at a concentration of 100 mg/l 

93.2-99% bactericidal effect, completely inhibiting the growth of bacteria. 

At a concentration of 50 mg/l  complexes with butyl iodide exhibit 82-

87%, the complexes with ethyl iodide 63-80% bactericidal effect, and at a 

concentration of 100 mg/l 89% biocidal effect 

Keywords:  microbiological corrosion, amide, norborn-5-ene-2-carboxylic acid, 

triethylenetetraamine, sulfate-reducing bacteria 

Introduction 
At the present stage, in developed oilfield countries, including Azerbaijan, the bulk of oil is 

extracted mainly by pumping water of various origins into oil producing wells. At the same time, 

the wells are contaminated by sulfate-reducing bacteria (SRB) and other microorganisms. This 

complicates the operation of the field and, as a result, contributes both to greater corrosion of the 

oil equipment and also causes a decrease in the quality of the oil, which leads to difficulty in 

producing [1-3]. 

Microbiological corrosion of metals in the soil and in the aquatic environment is 

widespread [4-7]. SRB are the main microorganisms that cause anaerobic corrosion in 

underground pipelines. SRB easily removes molecular hydrogen from the cathode surface 

(adsorption) and leads to cathode depolarization of the metal surface. As a result, the resulting 

H2S reacts with the metal and forms iron sulfide on the metal surface, which over time becomes 

the cause of the destruction of the metal surface. 
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Using sulphurous compounds of oil as a nutrient base, SSC for a short time expand their 

population with great speed. The population multiplies so quickly that the resulting iron sulfide 

and biomass form a plug in the lower part of the pumping wells. As a result, performance is 

reduced by 30-40%. Formed in large quantities in the water pumping wells, biomass fills the 

pores of the layer and reduces the water content, which leads to a decrease in oil production. 

Bactericide inhibitors are widely used to eliminate microbiological corrosion that occurs in 

the oil and other industries [8, 9]. However, based on the results achieved in their application, it 

can be noted that there are no universal bactericides. Since the SRB adapts very quickly to the 

reagent, it is constantly required to update the assortment of inhibitors. In this regard, in the field 

of obtaining new reagents and the study of their influence a number of research works are carried 

out. 

In connection with the multi-branching of the corrosion process, the polyfunctionality of 

the inhibitor is very important. Therefore, the synthesis of new highly effective bactericide 

inhibitors and their use against carbonic and sulfate corrosion inhibitors is very relevant from a 

scientific and practical point of view. 

This article is devoted to the synthesis of amide based on norborn-5-ene-2-carboxylic acid 

(NCA) and triethylentetraamine (TETA), its complexes with hexyl chloride in different ratios, as 

well as the study of their bactericidal properties against SRB 

Experimental Part 

Analytical methods. NMR spectra of the synthesized compounds were recorded on a 

spectrometer brand Bruker WP-300 (300 MHz), in a solution of D2O, C6D6 and CDCl3, TMS 

was used as an internal standard. IR spectra were taken on a Bruker “ALFA” Furye spectrometer 

in the wave range 4000-400 cm
–1

. The refractive index was determined on a refractometer brand 

IRF-22 No. 700060, the density was determined according to GOST 3900-2000. 

Dicyclopentadiene, cyclopentadiene, acrylic acid, and triethylene tetraamine were used as 

starting materials for amide synthesis. Physical and chemical indicators of the starting 

compounds are shown in Tab. 1. 

Table 1. Physico-chemical properties of initial compounds 

First of all, dicyclopentadiene was monomerized to obtain norborn-5-ene-2-carboxylic 

acid. For this purpose, dicyclopentadiene was poured into a three-necked flask, iron chips and 

porcelain were added, heated to a temperature of 140-150
0
С. To prevent re-dimerization of the 

monomer, the receiver was intensively cooled. Then, the calculated amount of acrylic acid and 

Compounds 
Density  ρ

20

4 , 

g/cm
3
 

Refraction,   
   Boiling point, ˚C 

Dicyclopentadiene 0.973 1.511 172.8 

Cyclopentadiene 0.802 1.440 41 

Acrylic acid 1.0591 1.4238 141 

ТEТА 0.952 1.496 276.5 

Norborn-5-ene-2-carboxylic acid 1.1226 1.4902 136-138 
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benzene was poured into the flask, hydroquinone was added, the solution of monomerized 

cyclopentadiene in benzene was added to the solution of acrylic acid in benzene using a dropping 

funnel and stirred. This is an exothermic reaction. The experiment was carried out at room 

temperature while cooling. 

Amide was synthesized according to the following procedure. The synthesized tubing is 

poured into a round bottom flask, and TETA is added to the separatory funnel, and when the 

temperature in the flask reaches 70-80°C, TETA is added dropwise. The reaction takes place at a 

temperature of 130-140
0
C for 2 hours with the release of 1 mole of water. During the reaction, 

N-(2,2-bicyclo[2.2.1]-4,5-dihydro-1H-1-ylethyl)ethane-1,2-diamine is formed. The resulting 

amide is a viscous liquid, dissolved in isopropyl alcohol. 

To obtain inorganic anionic amorphous complexes of norborn-5-ene-2-carboxylic acid, 

alkyl halides, in particular C4H9J, C2H5J and C8H17Br., have been used. During the synthesis, 1 

mol of amide is taken and dissolved in isopropyl alcohol, poured into a flask and hexyl chloride 

is added to it at various molar ratios (1:1, 1:2 and 1:3). Considering that the boiling point of 

hexyl chloride 135
0
C, the reaction is mainly carried out in the temperature range of 50-60

0
C for 

3 hours with stirring. 25 ml of isopropyl alcohol (IPA) is used as a solvent. The physico-

chemical indicators of the synthesized complex compounds, their symbols, composition and 

some physicochemical properties are shown in Tab. 2. 

Table 2. Some physico-chemical properties of the synthesized complexes 

Complexes and its 
symbols 

Mol 
ratio 

Density  ρ
20

4 , g/cm
3
 Refraction,   

   

A-22-(amide+C4H9J) 1:1 1.3492 1.4240 
A-23-(amide+C4H9J) 1:2 1.4782 1.4320 
A-24-(amide+C4H9J) 1:3 1.3722 1.4420 
A-40-(amide+C2H5J) 1:1 1.4112 1.4200 
A-41-(amide+C2H5J) 1:2 1.3792 1.4290 
A-42-(amide+C2H5J) 1:3 1.5132 1.4300 
A-37-(amide+C8H17Br) 1:1 1.3832 1.4210 
A-38-(amide+ C8H17Br) 1:2 1.3731 1.4130 
A-39-(amide+ C8H17Br) 1:3 1.3645 1.4050 

Results and Discussions 

The reaction of the interaction of dicyclopentadiene with acrylic acid produces norborn-5-

ene-2-carboxylic acid (NCA) [10]. The reaction proceeds according to the following scheme: 

 
Scheme 1. 

The structure of the obtained acid is confirmed by the infrared spectroscopic method. At 

Fig. 1 shows the IR spectrum of the substance. 
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Fig.1. IR-spectra of norborn-5-ene-2-carboxylic acid  

The IR-spectrum of norbon-5-ene-2-carboxylic acid has the following absorption bands: 

668, 708, 777, 832 cm
– 1

; the absorption bands correspond to the deformation vibrations of the 

C–H bond =CH; 3060 cm
–1

, the absorption maximum corresponds to the stretching vibrations of 

the C–H bond of the =CH group; 908 cm
–1

, the absorption band corresponds to the deformation 

vibrations of the OH bond of the acid group; 1228, 1280 cm
–1

 specific absorption bands of the 

C–O bond; 1694 cm
–1

 absorption band corresponds to the C=O acid bond and the C=C bond of 

the =CH group; 2735, 2646 cm
–1

, the broad absorption band corresponds to the –COOH group; 

1331, 1417, 2876, 2972 cm
–1

 correspond to deformation-valent oscillations of the C–H bond in 

the CH and CH2 groups. 

The 
1
H and 

13
C-NMR spectra also confirm the structure of norborn-5-ene-2-carboxylic 

acid and the following signals are observed in them. NMR spectra of the compound are shown in 

Fig. 2 and 3. 
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Fig.2. 

1
H NMR-spectra of norborn-5-ene-2-carboxylic acid  

1
Н NMR-spectra, δ, m, p: 1.32–1.48 m (2H, C

3
H2), 1.88–2.06 m (2H, C

7
H2), 2.86–3.17 m 

(3H, C
1
H,

 
C

2
H,

 
C

4
H), 5.34–6.13 m (1H,

 
C

6
H), 6.33–6.39 m (1H,

 
C

5
H), 9.81 extended 

singlet (1H,
 
COOH). 

 
Fig.3. 

13
C NMR -spectra of norborn-5-ene-2-carboxylic acid 

 
13

C NMR-spectra , δ, m, p: 1.77 (COOH), 137.4 (C
5
), 135 (C

6
), 49.32 (C

4
), 45.49 (C

2
), 

41.45 (C
7
), 54 (C

1
), 74.2 (C

3
). 

The amide is based on norborn-5-ene-2-carboxylic acid and triethylenetetraamine. The 

amide preparation can be represented by the following scheme.  
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Scheme 2. 

The structure of the obtained amide compound was confirmed by NMR spectroscopy and 

is shown in Fig. 4. 

  

 
 Fig.4. 

1
Н NMR-spectra of  N-(2,2-bicyclo[2.2.1]-4,5-dihydro-1Н-1-ylethyl)ethane-1,2-diamine 

In 
13

C, 
1
H NMR-spectrum of synthesized N-(2,2-bicyclo [2.2.1] -4,5-dihydro-1H-1-

ylethyl) ethane-1,2-diamine, the following signals are observed: 
1
H NMR-spectra, δ, m.p.: 1.23-1.45 m (2H, C

3
H), 1.80-1.91 m (3H, C

1,2,4
H), 1.65-1.79 m (2H, 

C
7
H2), 3.06-3.28  m (12H, C

10,11,13,14,16,17
H2), 5.39-6.14 m (2H, 2C

5,6
H=), 8.03 m (1H, CONH).

 

13
C NMR-spectra, δ, m.p.: 23 (C

3
), 29 (C

2
), 30 (C

1
), 42 (C

8
), 43 (C

4
), 45 (C

7
), 49.02 (C

8
), 132 

(C
5
), 137(C

6
). 

The IR-spectrum of the amide obtained contains the following absorption bands: 707, 774, 

838 cm
-1

; the absorption bands correspond to the absorption bands of the N–H and C–H bonds of 

the CH2–NH2 group; 905.940 cm
-1

 deformation vibrations of the C–H bond of the HC=C group; 

3056 cm
-1

 stretching vibrations of the C-H bond of the HC=C group; 1334, 1376, 1454, 2815, 

2870, 2935 cm
-1

 deformation and stretching vibrations of C–H bonds in the CH3, CH2, and CH 
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groups; 1541 cm
-1

 “second amide band”, absorption band characteristic for deformation 

vibrations of the N–H bond of the NH group and stretching vibrations of the C–N bond in the 

CONH group; 1642 cm
–1

 “first amide band”, absorption band, characteristic for stretching 

vibrations of the C=O bond of the CONH group and deformation vibrations of the N–H bond; 

3285 cm
–1

 stretching vibrations of the N–H bond of the NH group. “Third amide band”, 

characteristic for stretching vibrations of the –C–N bond and deformation vibrations of the N–H 

bond. 

Then, the reaction of the interaction of the obtained amide with alkyl halides was used to 

synthesize inorganic anionic complexes. Schematically, the reaction to obtain complex 

compounds can be represented by the following scheme: 

 
Scheme 3. 

where  RX = C2H5J, C4H9J, C8H17Br 

The effect of the alkyl halide complexes on the vital of SSC is studied by the following 

method. In the experiments, the svs of the species "Desulfovibrio desulfuricans" and strain 1143 

were used. SRB are obligatory anaerobic bacteria that reduce sulphates to hydrogen sulphide. 

For the development of SSC, the most optimal medium is Postqeyt B. nutrient medium. The pH 

of the medium should be in the range of 7.0-7.5 [11]. 

For the growth of SRB in the environment Posqeyt add the following supplements. 

Supplements are as follows: 

 iron sulfate FeSO4 ∙ 7H2O (5% solution in 2% hydrochloric acid) - 0.5-2 ml, 

 sodium bicarbonate NaHCO3 (5% aqueous solution) - 1 ml, 

 solution of crystalline sodium sulfide prepared in 1% solution of Na2CO3 (Na2S
.
9H2O) 

- 1 ml 

Experiments were performed in 10 ml of pre-sterilized test tubes according to a known 

method. To determine the content of bacteria in an inhibitor-free medium, the bacteria are first 

diluted, sown and stored in a thermostat at a temperature of 30-32
0
С with an incubation period of 

7-14 days, and at the end of the experiment it was established that the number of bacteria in the 

non-inhibitory control medium number of bacteria is n = 10
6
. Subsequently, the synthesized 

complexes were added at concentrations of 25, 50, and 100 mg/l, and again they were kept in a 

thermostat at a temperature of 30–32°C for 7–14 days, and in the first 48 hours, the effective 

effect of the complexes on the vital activity of bacteria was observed. 

At the conclusion of the studies, the test samples were titrated by the iodometric method 

and the protective effect was calculated from the amount of H2S obtained. During the titration 

were used fixed solutions of iodine and sodium hyposulphite. The H2S content was calculated by 

the following equation: 
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X mq/l H2S=                                                                   x 17000
N(J) x V(J) - N(Na2S2O3) x V(Na2S2O3)

VH2O
 

N (J) = 0.1 n 

V (J) = 10 ml 

N (Na2S2O3) = 0.1 n 

V (Na2S2O3) = 7 ml 

V (H2O) = 20 ml 

17000 - shows the solubility of 0.1 n hyposulphide in 1000 ml. 

Based on the H2S content found, the bactericide inhibitory effect of the inhibitor was 

calculated. The table shows the bactericidal effect of the samples. 

Table 3. Results of the dependence of the bactericidal effect of the complexes on the 

concentration 

Symbols and 

composition of 

complexes 

Concentra- 

tion of com- 

pound, C, 

mg/l 

Number of 

bacteria (number 

of cells/ml) 

Content of H2S, 

mg/l 

Bactericidal effect, 

Z, % 

A-22 

25 10
3
 53.2 75 

50 10
2 

38.5 82 

100 1·10 17 92 

A-23 

 

25 10
2 

50.1 76.4 

50 10
2
 31 85.4 

100 1·10 15 93 

A-24 

25 10
2 

46.1 78.3 

50 1·10 27.3 87.1 

100 1·10 13 94 

A-37 

25 1·10
 

21 90 

50 1·10 18.6 91.2 

100 1·10 14.3 93.2 

A-38 

25 1·10 17 92 

50 1·10 14.2 93.3 

100 1·10 9.8 95.3 

A-39 

25 1·10 13.5 94 

50 1·10 7.4 96.5 

100 – 3 99 

A-40 

5 10
4
 82.1 61 

50 10
4
 78.4 63.1 

100 10
3
 62.3 71 
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Cont. of Tab. 3 

A-41 

25 10
4
 79.1 63 

50 10
3
 63.4 70.2 

100 10
3
 57 73.2 

A-42 

25 10
3
 60.2 72 

50 10
2 

44.8 80 

100 1·10 23.4 89 

AMDOR-IK-7 

(etalon) 

25 10
4
 128 40 

50 10
4
 84.8 60 

100 10
3
 53.2 75 

AMDOR-IK-

10 etalon) 

25 10
4
 128 40 

50 10
4
 84.8 60 

100 10
3
 44.8 80 

Control-I  Content of H2S-in in medium without test-culture -34 mg/l 

Control-II 10
6 

Content of H2S-in in medium with  test-culture -213  mg/l 

The content of H2S is bacterial-free and in bacterial medium for tests 1 and 2 (test I-in an 

environment without SRB the content of H2S is -34 mg/l, test II-in the medium of SRB  the 

content of H2S is -213 mg/l). 

As can be seen from Table 3, complexes A-22, A-23, A-24 at a concentration of 100 mg/l 

exhibit 92-94% bactericidal effect, complexes A-37, A-38 and A-39 at a concentration of 50 mg 

/l 91.2-96.5%, and at a concentration of 100 mg l, they show a 93.2-99% bactericidal effect, 

completely suppressing the vital activity of bacteria. The complexes were compared with those 

used in industry by bactericide inhibitors (AMDOR-IK-7 and AMDOR -IK-10). It is established 

that industrial reagents at a concentration of 50 mg/l exhibit 40-60%, and at a concentration of 

100 mg/l, 75-80% biocidal effect. 

Based on the results of the conducted research, it was established that the synthesized alkyl 

halide complexes of the amide, in comparison with the industrial inhibitors taken as a reference, 

possessing a higher biocidal effect, completely suppress the vital activity of sulphate-reducing 

bacteria. 

Conclusions 

1. Synthesis of norborn-5-ene-2-carboxylic acid by cyclopentadiene reaction with acrylic 

acid in 97% yield was carried out. 

2. Based on the tubing and TETA, the amide was synthesized with a 83% yield, on the basis 

of which complexes with alkyl halides were obtained at various ratios (1: 1, 1: 2, 1: 3) 

and their physicochemical parameters were determined. 

3. The effect of the synthesized inhibitors in the microbial corrosive environment on the 

SSC type "Desulfovibrio desulfuricans" was tested and it was found that they have a high 

biocidal effect. Based on the amount of hydrogen sulfide produced, the bactericidal effect 

of the samples was calculated. It was shown that the synthesized (amide + C4H9J) 

complex at a concentration of 100 mg/l exhibits 92-94%, and the complex (amide + 
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C8H17Br) exhibits a 93.2-99% bactericidal effect. 

4. On the basis of the conducted studies, it was established that the complexes synthesized 

on the basis of alkylamides completely inhibit the growth of sulphate-reducing bacteria at 

much lower concentrations compared to the industrially used bactericide inhibitors 

AMDOR-IK-7 and AMDOR-IK-10 (at a concentration of 25 mg/l by 92-96% versus 

40%). 
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