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Within the field of green chemistry, a noticeable results were obtained in the solvent-free synthesis 

of amide derivatives of naphthenic acids under microwave irradiation. Naphthenic acid amides, anilides, 

and morpholides were synthesized directly from free carboxylic acids and amines in the absence of 

solvent and catalyst under high-temperature heating in a closed-vessel system of microwave reactor. With 

this new and efficient method, different primary, secondary, and tertiary amide derivatives of naphthenic 

acids were obtained in good to excellent yields. Synthesized derivatives were assayed as plant rooting 

agents for their stimulative effects on the formation of adventitious roots in sunflower cuttings and sus-

ceptibility for growth stimulation of Pseudomonas sp. strains. 
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МИКРОБРАНОВО ПОМОГНАТА СИНТЕЗА НА БИОЛОШКИ АКТИВНИ  

АМИДНИ ДЕРИВАТИ НА НАФТЕНСКИ КИСЕЛИНИ ВО ЦВРСТА ФАЗА 

 
Во рамките на зелена хемија се добиени значајни резултати при синтеза на амидни деривати 

на нафтенски киселини во отсуство на растворувач со микробранова ирадијација. Синтетизирани 

се амиди, анилиди и морфолиди на нафтенска киселина директно од слободни карбоксилни 

киселини и амини во отсуство на растворувач и катализатор со загревање на висока температура 

во затворен сад на микробранов реакторски систем. Со овој нов и ефикасен метод се добиени  

разни примарни, секундарни и терцијарни амидни деривати на нафтенски киселини со добар до 

одличен принос. Синтетизираните деривати беа испитани како стимулативни средства за 

поттикнување раст на странични корења кај гранчиња од сончоглед и за подложност на 

стимулирање раст на видовите на Pseudomonas sp. 

 

Клучни зборови: зелена хемија; амиди на нафтенска киселина; синтеза во отсуство на 

растворувач; средства за поттикнување корења; бактериско размножување  

 

 

1. INTRODUCTION 

 

The amide group is an important functional 

group because of its presence in a large number of 

biomolecules, synthetic intermediates, and active 

pharmaceutical products or prodrugs [1–5]. In ad-

dition to amide bonds, incorporation of cyclic 

amines, like morpholine, promote antimicrobial 

activity of some pharmaceutical ingredients [6, 7]. 

The most common methods for amide synthesis 

involve either conversion of carboxylic acids to 

more reactive functional groups [8–10] or in situ 
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activation using coupling reagents [11–14]. Alt-

hough good results were obtained with both ap-

proaches, the main drawbacks are long reaction 

time, low yield and low atom economy. Also, use 

of organic solvents and expensive or toxic reagents 

may lead to the formation of by-products, requiring 

further separations steps. Furthermore, in previous 

studies the main substrates were structurally simple 

monocyclic or short alkyl chain individual carbox-

ylic acids. 

In recent years, microwave irradiation as a 

non-conventional energy source has become a very 

popular and useful technology in organic chemistry 

[15–17]. Microwave-assisted synthesis of amides 

shows considerable improvement in overall syn-

thetic methods considering the presence of differ-

ent catalysts and coupling reagents [18–21]. This 

technology has also been utilized in reactions of 

carboxylic acid esters and amines in the solid 

phase, using basic alumina as a solid support [22], 

as well as in reactions of amines with other acyl-

donors [23]. Pyrolysis of ammonium salt, which 

requires high-temperature heating [24], was suc-

cessfully achieved under microwave irradiation 

[25, 26]. 

Petroleum acids represent a complex mix-

ture of carboxylic acids (aliphatic, alicyclic, aro-

matic acids, etc.) that are found in crude oils, 

where their contents and composition depend on 

the source of oil. The term naphthenic acids (NAs), 

as commonly used in the petroleum industry, refers 

to a collection of alkyl-substituted aliphatic and 

cyclic monocarboxylic acids with an empirical 

formula of CnH2n-zO2, where n is the number of 

carbon atoms and z is the hydrogen deficiency due 

to ring formation. Namely, NAs are naturally oc-

curring compounds that constitute part of the pe-

troleum acids. Furthermore, although many authors 

have assumed NAs are comprised only of alicyclic 

acids, it is likely that aromatic acids [27] are also 

present. These complex mixtures of carboxylic 

acids have attracted the attention of scientists in 

recent years [28, 29]. In addition to their wide-

spread commercial uses [30], they are also preva-

lent in refinery process wastewater, which is the 

source of NAs contamination in the environment. 

It has been reported [31–34] that natural mixtures 

of NAs exhibit physiological activity similar to 

plant hormones of the auxin and gibberelin type. 

These carboxylic acids stimulate the rooting of 

cuttings and the lateral branches of sunflower [35], 

as well as poplar hardwood cuttings [36]. The bio-

degradation potential of microorganisms and their 

utilization of some environmental pollutants as 

sources of carbon and energy is well-known from 

the literature [37, 38]. Several studies have shown 

that NAs are susceptible to biodegradation, which 

decreases their concentration and reduces toxicity 

[39, 40]. 

The above significance of NAs prompted us 

to investigate a new application of environmentally 

toxic NAs by synthesizing new potentially biologi-

cally active compounds from natural materials. So 

far, amidation of a complex mixture of naturally 

occurring, structurally diverse carboxylic acids, as 

it is NAs, has been performed only conventionally 

via acid chlorides. In this context, we report the 

development of a versatile, mild, and efficient 

method for the synthesis of potentially biologically 

active amide derivatives of NAs directly from non-

activated carboxylic acids and amines in the ab-

sence of coupling reagents and solvents under mi-

crowave irradiation. 
 

 

2. EXPERIMENTAL 

 

Complex mixtures of natural NAs were iso-

lated from an atmospheric oil fraction (distillation 

interval 168–290 °C) of Vojvodina crude oil 

source "Velebit" by the method of alkaline extrac-

tion described in previous work [31, 33]. Identifi-

cation of NAs was performed by electrospray ioni-

zation mass spectrometry analysis. The average 

molecular mass of isolated NAs was determined 

(ASTM D3238) to be 262 g/mol, and this value 

was used in further experiments [31, 33]. 

All reagents and solvents were obtained 

from commercial suppliers and used without fur-

ther purification. Microwave-assisted reactions 

were carried out in a CEM Discover BenchMate 

single-mode microwave reactor (300 W max mag-

netron power output) in 10 ml sealed process Pyrex 

vials with magnetic stirring. The microwave-

assisted reaction time was the hold time at the de-

signed temperature. The reaction temperature was 

monitored by an external IR sensor. Reaction cool-

ing was performed using compressed air after the 

heating period elapsed. Reactions were monitored 

by thin layer chromatography (TLC) on silica gel 

plates (Silica gel 60 F254). Purification of products 

was carried out by flash column chromatography 

using Kieselgel 60 (0.040–0.063, Merck). IR spec-

tra were recorded with Nexus 670 spectrophotome-

ter (Thermo-Nicolet) and the band positions (λmax) 

are given in cm
–1

. NMR spectra were recorded on a 

Bruker AC 250 E instrument, and chemical shifts 

are expressed in ppm downfield from TMS using 

CDCl3 as the solvent. The letters s, d, t, q, and m 

are used to indicate singlet, doublet, triplet, quad-
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ruplet, and multiplet. All organic extracts were dried 

with anhydrous Na2SO4. Organic solutions were 

concentrated in a rotary evaporator under reduced 

pressure at a bath temperature above 30 °C. 

 

2.1. Synthesis of N-phenylbenzamide 1 
 

Benzoic acid (1.22 g, 10.0 mmol) and ani-

line (0.912 ml, 10.0 mmol) were placed into a 10 

ml microwave process vial equipped with a mag-

netic stir bar. The reaction mixture was heated in a 

microwave reactor for 15 min at 270 °C. After the 

reaction time had elapsed, the mixture was cooled 

to 45 °C by gas jet cooling, dissolved in CH2Cl2, 

and washed with 1 M HCl, 5% NaHCO3, and H2O. 

After removing the solvent under vacuo, the residue 

was purified by flash column chromatography on 

silica gel (petroleum ether : ethyl acetate = 7 : 3) to 

obtain pure product 1 in the form of white crystals. 

The same experimental procedure was used 

for the oil bath synthesis of compound 1. Instead of 

the microwave reactor, a preheated (200 °C) sili-

cone oil bath with magnetic stirring was used. Af-

ter 24 h of refluxing, further isolation and purifica-

tion of the final product, white crystals of com-

pound 1 were obtained.  

 

2.2. Microwave-assisted synthesis of NA anilides 2 

and NA morpholides 3 
 

The mixture of NAs (5 mmol) and amine (5 

mmol) was placed in a 10 ml reaction vial 

equipped with magnetic stir bar. The reaction 

mixture was heated with stirring at 270 °C for 15 

min of microwave irradiation for the synthesis of 

compound 2 and was heated for 10 min for the 

synthesis of compound 3. Upon cooling to 45 °C, 

the reaction mixture was dissolved in CH2Cl2 and 

washed with 1 M HCl, 5% NaHCO3, and H2O. 

After removing the solvent under vacuo, the resi-

due was purified by flash column chromatography 

on silica gel (dichloromethane : ethyl acetate = 9.5 

: 0.5) to obtain products 2 and 3 as a yellow oil. 

 

2.3. Microwave-assisted synthesis of NA amides 4 
 

A mixture of NAs (0.28 g, 1 mmol) and urea 

(0.12 g, 2 mmol) was placed in a 10 ml reaction 

vessel equipped with magnetic stir bar. The 

mixture was heated with stirring at 180 °C for 1 

min of microwave irradiation. Upon cooling to 

room temperature, the reaction mixture was 

dissolved in EtOAc and washed with 2 M HCl, 5 

% NaHCO3 and H2O. After removing the solvent 

under vacuo, the residue was purified by flash col-

umn chromatography on silica gel (ethyl acetate : 

petroleum ether = 7 : 3) to obtain product 4 as a 

yellow oil. The same experimental procedure was 

used for the synthesis of compound 4 in the 

presence of imidazole (0.068 g, 1 mmol) or 

zirconyl chloride (0.0178 g, 0.1 mmol), obtaining 

product 4 as a yellow oil. 

 

2.4. Rooting of sunflower cuttings 
 

The plant rooting biological tests of young 

sunflower cuttings were performed according to 

the procedure previously described [35].  

 

2.5. Growth stimulation of five bacterial isolates  

of Pseudomonas sp. 
 

Bacterial isolates of Pseudomonas sp. 

(marked with P1, P2, P3, P4, and P5) were grown 

in liquid King B medium [41] at 28 °C for 24 h in 

the Microbiology Laboratory, Faculty of Agri-

culture, University of Novi Sad. The incubation of 

bacterial isolates was performed on a rotary shaker 

(120 rpm), and a final concentration of 10
8
 CFU 

m/l was obtained after 24 h. The selected bacterial 

isolates were subjected to 450 μl of NAs or NA 

amides, followed by incubation. Control treatments 

contained only the bacterial strains. The growth of 

bacterial isolates was determined on a spectro-

photometer at OD600 after 24 h and 48 h [42]. The 

assay was carried out three times.  

N-phenylbenzamide (1): Yield: 74%; IR 

(KBr, cm
–1

): ν = 1653 (C=O stretching of amide 

group); 
1
H NMR (250 MHz, CDCl3): δ = 7.10–

7.98 (m, 10H, Ar-H), 10.28 (s, 1H, N-H); 
13

C 

NMR (62.9 MHz, CDCl3): δ = 120.64, 123.91, 

127.78, 128.54, 128.76, 131.71, 135.09, 139.24 

(Ar-C), 165.86 (C=O). 

NA anilides (2): Yield: 76%; IR (KBr, cm
–1

): 

ν = 1660 (C=O stretching of amide group); 
1
H 

NMR (250 MHz, CDCl3): δ = 0.28–2.10 (m, 

CH+CH2+CH3), 6.62–7.28 (m, 5H, Ar-H), 7.58–

8.20 (s, 1H, NH); 
13

C NMR (62.9 MHz, CDCl3): δ = 

14.07–47.50 (C+CH+CH2+CH3), 119.98, 123.92, 

128.69, 138.12 (Ar-C), 171.73–175.20 (C=O). 

NA morpholides (3): Yield: 97%; IR (KBr, 

cm
–1

): ν = 1651 (C=O stretching of amide group); 
1
H NMR (250 MHz, CDCl3): δ = 0.60–2.41 (m, 

CH+CH2+CH3), 3.35-3.68 (m, 8H, morpholine 

ring); 
13

C NMR (62.9 MHz, CDCl3): δ = 14.07–

39.24 (C+CH+CH2+CH3), 45.97, 46.19 

(CH2NCH2),  66.57, 66.85 (CH2OCH2), 171.58–

172.85 (C=O). 

NA primary amides (4): Yield: 50%; IR 

(KBr, cm
–1

): ν = 1658 (C=O stretching of amide 
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group); 
1
H NMR (250 MHz, CDCl3): δ = 0.40–2.56 

(m, CH+CH2+CH3), 5.85–6.33 (s, 2H); 
13

C NMR 

(62.9 MHz, CDCl3): δ = 14.02, 14.31, 19.05–50.27 

(CH+CH2+CH3), 175.94–176.13 (C=O). 
 

 

3. RESULTS AND DISCUSSION 

 

Benzoic acid was chosen as a "model" petro-

leum acid for reaction optimization because of the 

structural complexity of petroleum acids and the 

low reactivity of aromatic carboxylic acids in 

amidation reactions. Using an equimolar ratio, the 

reaction of benzoic acid and aniline under catalyst-

free and solvent-free conditions was considered as 

a standard model reaction. Table 1 shows that the 

synthesis of N-phenylbenzamide 1 in temperature-

control mode of the microwave reactor was signif-

icantly shorter and had higher yields compared to 

the results obtained under conventional heating. 
 

 

T a b l e  1 
 

Synthesis of N-phenylbenzamide 1  

by conventional heating (∆) 

or under microwave irradiation (MW)
a
 

 

Entry Heating Reaction time (min) Yield (%)b 

1 ∆ 1440 61 

2 MW 15 74 
a Reaction conditions: benzoic acid (10.0 mmol),  

aniline (10.0 mmol), reflux (∆) or 270 °C (MW). 

 b Isolated yield of 1. 

 

 

The observed enhancement in the micro-

wave-heated reaction is a consequence of the high 

reaction temperature that can be rapidly attained 

when irradiating carboxylic acid and amine under 

closed-vessel conditions in a microwave field. It 

should be noted that the increase in reaction time 

did not improve the yield of the final product. 

Using the established conditions, the scope 

of this method was tested with natural NAs, which 

were previously isolated and determined [31, 33], 

and the results are summarized in Table 2. It was 

observed that the NAs reacted efficiently with dif-

ferent amines under high-temperature heating in 

the closed-vessel system of the microwave reactor. 

The maximal operative temperature for these reac-

tion systems was 270 °C. Microwave-assisted syn-

thesis of NA anilides 2 was completed in 15 

minutes of microwave irradiation, leading to 76 % 

isolated yield (Table 2, entry 1), while synthesis of 

NA morpholides 3 lasted 10 minutes, providing 

97% isolated yield of product (Table 2, entry 2). 

The alternation of carboxylic functional goups of 

NAs with nonpolar hydrocarbon part [36, 38] to 

amides was tracked by IR and NMR spectral data. 
 

 

T a b l e  2  
 

Microwave-assisted synthesis of NA anilides 2  

and NA morpholides 3
a
 

 

Entry Amine Product 
Reaction time 

(min) 

Yield 

(%)b 

1 C6H5NH2 2 15 76 

2 C4H9NO 3 10 97 
a Reaction conditions: naphthenic acids (5.0 mmol), amine 

(5.0 mmol), 270 °C.  
b Isolated yield of 2 and 3. 

 

 

Surprisingly, the results presented in Table 3 

show that direct, solvent-free synthesis of NA pri-

mary amides 4 occurred at a much lower rate than 

synthesis of secondary and tertiary NA amides 

(Table 2, entries 1 and 2). Furthermore, it was 

observed that the reaction of NAs and urea was 

performed under a lower reaction temperature. In 

the closed-vessel system of the microwave reactor, 

liberation of ammonia increased the internal pres-

sure, with a maximum operative reaction tempera-

ture of 180 °C, thus decreasing the product yield. 

Previous results were the motivation for 

finding potent, non-toxic, and highly reactive 

catalysts for the synthesis of NA primary amides in 

higher yield under solvent-free conditions. The 

catalytic ability of zirconyl chloride and imidazole 

for the synthesis of primary amides by direct 

reaction of carboxylic acid and urea under 

microwave irradiation is well known from the 

literature [21, 43]. In the reaction of natural NAs 

and urea, these catalysts demonstrated their 

efficiency (Table 3, entries 2 and 3). 
 

 

T a b l e  3  
 

Microwave-assisted synthesis of NA primary 

amides 4
a
 

 

Entry Catalyst Reaction time (min) Yield (%)b 

1 – 1 12 

2 imidazole 1 50 

3 ZrOCl2 1 36 

aReaction conditions: naphthenic acids (1.0 mmol), urea (2.0 

 mmol), 270 °C.  
bIsolated yield of 6. 
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Among them, imidazole showed higher 

catalytic efficiency compared to zirconyl chloride 

in the synthesis of NA primary amides in the 

closed vessel system of the microwave reactor 

(Table 3, entries 2 and 3). 

The study of the biological activity of 

synthesized NA derivatives as plant rooting agents 

showed the stimulative effect of amide derivatives 

of NAs on the formation of adventitious roots in 

sunflower cuttings (Fig. 1). A significant 

stimulative effect of NA morpholides and NA 

anilides was noticed at 10
–6 

mol/l and 10
–7 

mol/l. 

The number of adventitious roots per plant was 

almost twice as high for plants treated with 

compounds 2 and 3 in contrast to the results after 

treatment with NAs. 

In Table 4, the results of the microbiology 

experiments are presented. The results show the 

growth stimulation of the examined strains as in-

cubation time increased. The highest bacterial 

growth of P2 and P4 strains were observed after 48 

h of incubation for NAs, NA primary 4, and sec-

ondary amides 2. These results indicate a possible 

simulative effect of NAs and their derivatives on 

strain proliferation in both examined concentra-

tions, compared to the control. NAs and NA prima-

ry amides promote the number of strains P5 at 

lowest concentration (10
–7 

mol/l). Strain P1 was 

promoted after treatment with NA primary amides, 

whereas strain P3 showed the lowest bacterial 

growth in all cases. 
 
 

 
 

Fig. 1. Effect of NAs and NA amides 2, 3, and 4 on formation 

of adventitious roots in sunflower cuttings under different 

concentrations 

 

 

  T a b l e  4 
 

The influence of NAs, NA primary amides 4, and NA anilides 2 on the number of Pseudomonas sp. strains  

( 10
8
 CFU m/l) 

 

Strains Time of incubation (h) Control 

Compound 

NAs 2 4 

 Concentration  

10–5 10–7 10–5 10–7 10–5 10–7 

P1 
24 1.80 1.50 0.28 0.69 1.08 2.02 0.69 

48 2.24 1.38 1.47 1.74 1.92 2.80 2.42 

P2 
24 2.58 2.05 2.16 2.70 2.56 2.69 2.26 

48 1.86 2.96 2.72 3.20 2.80 3.20 3.12 

P3 
24 2.48 1.50 1.60 1.63 1.50 1.80 1.26 

48 3.04 2.96 2.88 2.18 3.04 3.06 2.88 

P4 
24 2.53 1.81 1.87 1.28 1.68 1.55 1.50 

48 2.56 3.04 2.80 3.20 3.20 2.72 2.86 

P5 
24 2.22 1.98 1.86 2.02 1.57 1.89 2.00 

48 2.58 2.40 2.96 2.56 2.26 2.24 2.90 

 

 

As can be seen from the data presented in 

Table 5, NA tertiary amides 3 showed growth 

stimulation only for strains P4 and P5. 

After 48 h of incubation, better effects of 

NAs and their synthesized amide derivatives could 

be related to the fact that increasing trend in bacte-

rial number is time consuming, as a consequence 

of bacterial adaptation mechanism and induction of 

some mechanism that help her to survive and 

growth in new condition [38]. Furthermore, it has 

been previously shown that an increase in the con-

centration of NAs results in a decrease in the 

degradative ability of Pseudomonas putida [44]. 

However, in the present study, the growth stimula-
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tion of bacterial strains was mostly observed after 

treatmant with higher concentrations of NAs, as 

well as higher concentrations of NA primary 4, 

secondary 2 (Table 4), and tertiary amide 3 (Table 

5). 
 

 

T a b l e  5  
 

The influence of NA morpholides 3 on the number 

of Pseudomonas sp. strains  

( 10
8 
CFU m/l) 

 

Strains 

Time of 

incubation 

(h) Control 

Compound 3 

Concentration 

10–3 10–5 10–7 

P4 
24 0.79 0.94 1.00 0.86 

48 3.20 3.04 2.88 2.56 

P5 
24 1.79 1.44 1.33 1.10 

48 1.82 2.16 2.08 1.89 

 

 

NA primary amides and NA anilides showed 

a higher stimulative effect on strain P2 compared 

to the results obtained after treatment with NAs, 

while strain P4 was more stimulated in the pres-

ence of NA anilides. Additionally, with regard to 

the bacterial growth of strains P3 only after treat-

ment with NA amides, it should be assumed that 

NA derivatives have higher stimulative effect on 

examined Pseudomonas sp. strains compare to the 

NAs. These observations are in good correlation 

with results obtained from Ebrahimi [38] and 

Clemente [45]. While researching the bioremedia-

tion of oil-pollutants, the conclusion was that the 

structure of hydrocarbon compounds, bacterial 

species and incubation time were the main factors 

determining the level of biodegradability. 
 

 

4. CONCLUSION 

 

In conclusion, a simple, quick, and versatile 

method for the preparation of amide derivatives of 

NAs under microwave irradiation was achieved. 

Starting from an equimolar mixture (atom-

economical synthesis) of amine and a complex 

mixture of natural NAs, high yields of NA anilides 

and NA morpholides (76% and 97%, respectively) 

were obtained at high temperatures in the closed-

vessel system of a microwave reactor. Efficient, 

uncatalyzed amidations of NAs were carried out 

under solvent-free conditions. Compared to the 

conventional protocol, a dramatic reduction in 

overall processing time from hours to a few 

minutes was achieved, indicating the influence of 

reaction temperature on the microwave-assisted 

formation of amide derivatives of NAs. Solvent-

free synthesis of NA primary amides required the 

presence of imidazole as a catalyst for higher yield. 

Biological activity studies of synthesized amide 

derivatives of NAs as plant rooting agents revealed 

that chemical transformation of carboxylic 

functional groups to an amide significantly 

enhanced the stimulative effect of the synthesized 

NA derivatives on the formation of adventitious 

roots in sunflower cuttings. Moreover, the growth 

stimulation of Pseudomonas sp. strains suggests 

the possible degradation potential of amide deriva-

tives of NAs in contrast to NAs. Concerning the 

importance of bioremediation as one of the princi-

pal strategies for remediation, these results could 

be of great interest for further research into crude 

oil degradation. 
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