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Highlights 

 In this work, an enzymatic and solvent-free process was developed 

aiming the production of amphiphilic molecules for cosmetic 

application. The fatty amides (9Z,12Z)-N-dodecyloctadeca-9,12-

dienamide (3) and N-dodecyl-2-hydroxybenzamide (5), were synthesized 

through aminolysis reactions catalyzed by Candida antarctica lipase B. 

The reactions were carried out in a solvent-free process, at 65°C and 

reduced pressure (50 mbar). The products were monitored by HPLC 

analysis. The conversion rates were measured through disappearance of 

ethyl linoleate and ethyl salicylate.  The  best  conversion  rates  (up to  

95%) were  obtained  by  adding  an enzyme amount of  5.0 g/mol of 

acyl donor group substrate and an equimolar substrates ratio (1:1). This 

work reveals that enzymatic synthesis provides an attractive way for the 

cosmetic industrial production of fatty amides. 

 

Abstract 

 In this biotechnological process, the fatty amides (9Z,12Z)-N-dodecyloctadeca-

9,12-dienamide (3) and N-dodecyl-2-hydroxybenzamide (5), respectively derived from 

linoleic acid and salicylic acid were synthesized through aminolysis reactions catalyzed 

by Candida antarctica lipase B. These amphiphilic compounds receive great attention 

from cosmetic industry due to a range of beneficial properties for skin. The aminolysis 

reactions were performed with the esters ethyl linoleate (1) and ethyl salicylate (4) as 

acyl group donors and the fatty compound N-dodecylamine (2) as the nucleophilic 

substrate. The aminolysis reactions were carried out in a solvent-free process, which is 

beneficial from an environmental and economical perspective, at 65°C and reduced 

pressure (50 mbar). Parameters as enzyme amount and substrates molar ratios were 

investigated and the products were monitored by HPLC analysis. The conversion rates 

were measured through disappearance of ethyl linoleate and ethyl salicylate.  The  best  

conversion  rates  (up to  95%) were  obtained  by  adding  an enzyme amount of  5.0 

g/mol of acyl donor group substrate and an equimolar substrates ratio (1:1). The 

products characterization was performed by High Resolution Mass Spectrometry, 

Infrared spectroscopy and Nuclear Magnetic Ressonance. This work reveals that 

enzymatic synthesis provides an attractive way for the cosmetic industrial production of 
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fatty amides, wich may represent key ingredients to maintain and/or restore a healthy 

skin.  

 

Keywords: Biocatalysis, Solvent-free process, Lipase, Skin care, Antioxidants, Green 

chemistry.. 
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1. Introduction 

 Over the last decades, the application of enzymes as catalysts has expanded 

horizons in several fields of biotechnology. This expansion may be related to a ‘greener’ 

way to produce fine chemicals with high degree of selectivity, none or minimal side 

reactions and relatively milder conditions compared to the chemical counterparts [1].   

 In this scenario, lipases (triacylglyceride hydrolases; EC 3.1.1.3) constitute the 

most important enzymes for biotechnological applications [2]. They present commercial 

availability, stability and usually do not require expensive cofactors [3,4]. These 

biocatalysts are capable of reacting with several substrates, catalyzing not only the 

hydrolysis and synthesis of long-chain acylglycerols but also alcoholysis, acidolysis, 

interesterification and the transfer of acyl groups from esters to amines (nucleophiles), 

promoting aminolysis reactions [5,6]. The use of lipases in aminolysis of esters in 

anhydrous media has been successfully described for the synthesis of peptides, fatty 

acid amides, polymers, surfactants and low cost detergents [7, 8].   

 From the cosmetic sector standpoint, lipases represent great biocatalysts in the 

synthesis of fine chemicals such as specialty esters, aroma compounds and active 

ingredients [9]. Notedly, the lipase B from Candida antarctica (CALB) has proven to 

be a versatile catalyst to synthesize cosmetic products for skin care, such as retinol 

(vitamin A) and ascorbic acid (vitamin C) derivatives, widely used as natural 

antioxidants in the treatment of photoaging and skin disorders [10].  

 In a previous work, CALB catalyzed aminolysis reactions in a solvent-free 

process, leading to the production of ceramides analogous molecules, which are 

essential for epidermal permeability barrier function and overall condition of the skin 

[11-13]. In this work, we proposed the employment of CALB as catalyst in aminolysis 

reactions between the esters ethyl linoleate (1) and ethyl salicylate (4), respectively 

derived from linoleic and salicylic acids, and the fatty compound N-dodecylamine (2). 

 The interest in the application of these compounds as cosmetic ingredients can 

be described as follows; firstly, the presence of a linoleic acid (LA) derivative is 

interesting in cosmetic formulations since it represents an important skin constituent, 

with specific functions in the production and maintance of epidermal permeability 

barrier [14-16].  LA has received increased attention in cosmetic market due to its anti-

inflammatory, acne reduction and moisture retention properties [12]. Furthermore, this 

polyunsaturaded fatty acid (PUFA) is featured with 18 carbon atoms and two cis double 

bonds at position 6 (omega-6 family), representing an essential fatty acid. Whereas the 
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human body can not synthesize double bonds at position 6, LA must be necessarily 

obtained from the diet or topical applications [14].   

 With respect to ethyl salicylate (4),  salicylic acid (SA) derivatives composes 

the phenolic acid family, recognized by the antioxidant activity against the highly 

reactive free radicals, which are involved in adverses skin effects such as photoaging, 

wrinkling, general loss of elasticity and cancer [17-20]. SA is frequently used in the 

treatment of Acne vulgaris due to its keratolytic propertie and is also known as an 

ultraviolet B sunscreen, reducing sunburn and melasma production [21-23].  

 Lipophillic derivatives of salicylic acid also have been proven to present anti-

aging, photoprotective, keratolytic and antibacterial properties. In fact, it has been 

shown that the addition of fatty chains to SA molecule confers superior efficacy on the 

original molecule [24]. The greater efficacy is related to the skin permeability, which is 

lower for hydrophilic compounds, since the outermost layer of skin represents a highly 

lipophilic barrier constituted of ceramides, fatty acids and cholesterol [25]. In this 

context, the addiction of fatty chains can be extended to LA derivatives, where the 

increasing of fatty chains in unsaturated fatty acids, particularly those of cis 

configuration, confers greater protective effect against cutaneous dehydration and 

xenobiotics [26]. Thus, this structural mofication represents an attractive way to 

improve the skin-product compatibility. 

  Additionally, this reactions may lead to the production of amphiphilic 

molecules, which presenting an hydrophobic region (soluble in lipophilic medium) and 

a hydrophilic head (solubility in aqueous environment), represent ideal stabilizers for 

emulsion formulations, being recognized as emulsifiers or surfactants [27]; once  there is 

a concern about the classical synthesis of surfactants derived from petroleum [28, 29], 

biosurfactants containing amide bonds are potential substitutes, presenting skin 

tolerance, good biological degradability and significantly lower toxicological effects 

[30].   

 Therefore, the structural modification of LA and SA esters (1 and 4) via 

aminolysis reactions catalyzed by CALB with the fatty N-dodecylamine (2), in a 

solvent-free process,  can be used as a tool to produce amphiphilic amides, which may 

atract great interest from cosmetic industry and differentiated applications for skin 

cosmetic formulations. 
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2. Materials and methods 

 

2.1 Materials  

 

 The lipase B from C. antarctica (Novozym 435, immobilized)  was kindly 

provided by Novozymes A/S, Bagsvaerd, Denmark. Ethyl linoleate (1) was purchased 

from Stearinerie Dubois (Ciron, France), while N-dodecylamine (2) and ethyl salicylate 

(4) were purchase from Sigma-Aldrich (St. Louis, MO).  

 

2.2 The reaction parameters 

 

 It is important to consider that to run enzymatic reactions under solvent-free 

conditions, at least one of the reactants has to be kept in the liquid state; thus, the 

reaction temperature has to be high enough (65°C) to shift the equilibrium in the right 

sense.  Also, to limite the possible reverse reaction (hydrolysis), the reactions were 

carried out under vacuum, evaporating thus, the ethanol (by-product) formed during the 

reaction.   

 

 2.3 Enzymatic reactions 

 

 In order to obtain the amphiphilic amides 3 and 5 in great yields, two studies 

were perfomed to evaluate the effect of substrates molar ratio and the biocatalyst 

amount. In the effect of substrates molar ratio study, the reactants acyl donor groups 1 

or 4 and the nucleophile N-dodecylamine (2) were added in 50 mL flasks in the 

following values: 0.8: 1.0; 1.0:1.0 and 1.0:2.0  (acyl donor 1 or 4: nucleophile 2). Then, 

after 5 min under vacuum (50 mbar) for gas removal of the system, 5.0 g of Candida 

antarctica B/ mol of ethyl esters (1 or 4) were added to the reaction mixtures.  

 Also, one sequence of reactions was performed by changing the biocatalyst 

amount (CALB) in order to find the higher yields. This study was carried out in 50 mL 

glass reactors, wherein equimolar substrates concentrations [1 acyl donor groups (1 or 

4) : 1 nucleophile (2)] were added. After 5 min under vacuum (50 mbar) for gas 

removal of the system, different CALB amounts were added to the reaction mixtures 

(0.6; 1.2; 2.5; 5.0; 7.5; 10 g/mol acyl donor reactants 1 or 4).  
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 All the reactions were conducted under stirring (250-300 rpm) using an overhead 

stirrer IKA RW 16 Basic, Staufen, Germany, equipped with a plastic propeller, at 65°C. 

After 20 h, the products were purified through flash cromatography and the rates of 

conversion of the reactions were monitored through the disappearance of ethyl linoleate 

(1) or/and ethyl salicylate (4) using HPLC analysis.    

 

3. Analytical and characterization methods 

 

3.1 High Performance Liquid Cromatography (HPLC) 

 

 The aminolysis reactions were monitored by High-Performance Liquid 

Chromatography (HPLC analysis) carried out in a system (Alliance-Waters) composed 

of a column (Xterra MS C18 5M, 150 mm × 2.1 mm), a column oven (temperature 40 
°C), an autoinjector and UV/vis detector (PDA, W2996= 210 nm). The compounds were 

evaluated with an eluent system of methanol (A) and water (B), both containing 0.1% of 

trifluoroacetic acid, as shown in Table 1.   

 

3.2 Nuclear Magnetic Resonance (NMR)  

 

 The NMR specters of proton and carbon (1H and 13C NMR) of the chemical 

structure of the products were obtained using a Bruker AM 500 at the Analytical Center 

of the Institute of Chemistry of São Carlos (IQSC/USP), operating in 500 MHz (1H 

NMR) and 125 MHz (13C NMR), using CDCl3 as the deutered solvent and TMS as the 

internal standart unless otherwise noted. The chemical shifts are given in ppm and the 

coupling constants (J) in Hz.  

 

 

3.3 High Resolution Mass Spectrometry (HRMS) 

 

  The analyses were performed on a High Resolution Mass Spectrometer 

quadrupole / flight time, operating in the MS mode in the unit: microTOF-QII,  detector 

Daltonis Bruker (Bremen Germany). In these analyzes, the samples were ionized in the 

positive mode using atmospheric pressure chemical ionization (APCI). The analyses 
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were performed at the Institute of Chemistry of São Carlos, in the Chromatography 

Laboratory (Prof. Dr. Fernando Mauro Lanças, FAPESP Grant n°2004/09498-2). 

 

4.Results and Discussion 

 

4.1 Effect of molar reactants concentrations in the yield reactions 

 

 The study concerning the effect of substrates molar ratio was performed with the 

addition of different values of the substrates (0.8: 1.0; 1.0:1.0 and 1.0:2.0 – wherein acyl 

donor: nucleophile) and 5.0 g CALB/mol of the acyl donor group 1 or 4 in all reactions 

(Scheme 1).    

 

 The reactions were carried out following the described procedures and the 

synthesized products were monitored by HPLC analysis. The results are summarized in 

Table 2. 

 

 
 

The reactions 1-6 were performed as a preview study, in order to find the proper 

molar ratios of the reactants.  As can be seen in the analysed reactions 1-3, by adding a 

equal molar ratio of the substrates 1 and 2 and 5.0 g CALB/mol of acyl donor group, it 

was possible to obtain the high yield of 99% of the fatty amide 3. The results were 

similar in the reactions 4-6, where a yield of 96% of the fatty amide 5 was obtained by 

adding a equimolar ratio of the reactants 4 and 2. These results opened the way for the 

standardization of the equal molar ratio of reactants for the subsequent reactions. 

 

4.2 The effect of the biocatalyst amount in the yield reactions 

 In sequence, the aminolysis reactions among ethyl linoleate (1) and N-

dodecylamine (2) with different enzyme amount catalyzed by CALB were carried out 

following the described procedures and the synthesized product was monitored by 

HPLC analysis.  The results are summarized in Table 3. 
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 The results showed that the fatty amide 3 was obtained with 30% yield by 

adding the lower enzyme amount selected (0.6 g/ mol ethyl ester 1). The HPLC analysis 

exhibited that this yield was raised to 73% after duplicating the added enzyme amount 

(1.2 g/mol ethyl ester 1). The addiction of 2.5 g CALB/mol ethyl linoleate (1) to the 

mixture reaction led to a 88% yield after 20 h.  

 A great yield of 99% was obtained by adding 5.0 g CALB/mol ethyl linoleate (1) 

and therefore, this enzyme amount was standarzided for further reactions. The reactions 

carried out with 7.5 g and 10.0 g CALB/mol ethyl linoleate (1) led to the production of 

the fatty amide 3 with similar yields (99-100%).  

 Sequentially, aminolysis reactions were carried out with the reagents ethyl 

salicylate (4) and N-dodecylamine (2) in order to produce the amphiphilic N-dodecyl-2-

hydroxybenzamide (5). The aminolysis reactions of ethyl salicylate (4) and N-

dodecylamine (2) catalyzed by CALB were carried out following the described 

procedures and the synthesized products were monitored by HPLC analysis (Scheme 

2). The results are summarized in Table 4. 

 

 In this case, the fatty amide 5 was obtained with 25% yield by adding the lower 

enzyme amount selected (0.6 g/ mol ethyl ester 4). The HPLC analysis exhibited that 

this yield was raised to 68% after duplicating the added enzyme amount (1.2 g/mol 

ethyl ester 4). The reaction 3 achieved a 85% yield of the fatty amide 5 with the 

addiction of 2.5 g CALB/mol ethyl salicylate (4). The results showed that by adding 5.0 

g CALB/mol ethyl salicylate (4) it was possible to obtain a 96% yield of the fatty amide 

5 and the results with the addiction of 7.5 and 10 g CALB/ mol ethyl ester 4 were 

approximated, with 97% yield.  Considering this proximity between the reaction yields, 

the experimental conditions of the reaction 4 (5.0 g CALB/mol ester) may be 

standardized for the production of N-dodecyl-2-hydroxybenzamide (5). 

  

 Amide compounds are of great value in different fields, including cosmetic, 

pharmaceutical and agrochemical [31, 32]. Due to this interest, the syntheses of these 

compounds has been conducted either by chemical and enzymatic pathways. 

Conventional chemical syntheses of amides may be carried out under high temperatures 

and extended reaction times, involving for example alkoxides, anhydrides, alkyllithium, 

acyl chlorides, metallic catalysts or Grignard reagents [33-36]. Amides syntheses have 

also been reported via microwave radiation [31, 37].  
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 Related to enzymatic syntheses, CALB has proven to be the most efficient 

catalyst for aminolysis reactions and its environmentally benign character is desirable 

for large scale industrial aplications [38]. Kaushik et al., 2015 performed studies were a 

serie of  N-alkyl-substituted amides have been synthesized in the presence of CALB at 

60-90°, in a solvent-free system with yields between 75-83% [39].  

  Studies have demonstrated that CALB can be useful for direct formation of 

ethanolamides of various long-chain fatty acids, optically pure amides and lactams 

through aminolysis [33, 38, 40]. Phenolic compounds such as caffeic acid amide can 

also be obtained by CALB aminolysis reactions, as demonstrated in the study performed 

by Xiao et al., 2013 [41].  

 CALB also catalyzed the direct amidation of fatty and hydroxy fatty acids (RA: 

ricinoleic acid, LQA: lesquerolic acid and TOD: 7,10,12-trihydroxy-8-(E)-octadecenoic 

acid) to their primary amides with ammonia in organic solvent. At 55 °C and a 2:1 

ammonia to fatty acid substrate ratio, the transformation reactions of LQA, RA and 

TOD approached completion (over 95%) within 24 h, while a decreased in the ratio to 

1:1 reduced the transformation to approximately 80% [42]. Studies investigated the 

direct amidation of the carboxylic acid 7,10-dihydroxy-8(E)-octadecenoic acid with N-

methylethanol amine catalyzed by CALB. After 72 h, in organic solvent medium, 

CALB mediated the production of a novel secondary amide N-methyl-7,10-dihydroxy-

8-(E)-octadecenoylethanolamide with 95% yield, which displayed antimicrobial and 

antioxidative activities [43]. Furthermore, CALB catalyzed the synthesis of optically 

enriched α-haloamides and N-alkyl substituted amides with potential antinemic activity 

[44, 45].  

In this work, the fatty amides (9Z,12Z)-N-dodecyloctadeca-9,12-dienamide (3) 

and  N-dodecyl-2-hydroxybenzamide (5) were synthesized through a solvent-free 

biotechnological process, where products yields over 96% were obtained after 20 h in 

reactions carried out in equimolar substrates ratio and 5.0 g CALB/mol of acyl group 

donors substrates. The amphiphilic compounds 3 and 5 are currently passing through 

studies, exhibiting efficacy in their biological activities so far. Since amides derived 

from fatty acids are important for the maintenance a healthy skin and their long 

hydrophobic chains constitute a barrier against evaporation of water and the resulting 

dry skin [46], these amphiphilic compounds represent potential candidates for skincare 

cosmetic formulations, agregatting as well the beneficial properties previous described. 
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5. Conclusion 

 

 The cosmetic market is renowned for moving a huge financial capital, attracting 

the attention of academic and research centers to the development of new skin care 

chemicals. In this sense, compounds which aggregate cutaneous beneficial properties 

with economic and environmentally friendly routes are of major interest. 

Fatty amides are of great interest due to their ranging of industrial applications 

not only in cosmetics, but also as surfactants and detergents formulations. In this way, 

enzymatic synthesis of fatty amides in milder conditions are interesting from an 

economical and envirommental aspect.  In this work, two amphiphilic amides (3 and 5) 

with potential for skin care application were synthesized through an enzymatic 

biotechnological process. The syntheses of the cosmetic chemicals were achieved due to 

the application of CALB enzyme as biocatalyst, which provided high yields (96-99%), 

under mild conditions and in a solvent-free system. This work shows that CALB and its 

acylating activity exhibits high catalytic efficiency for implementation in the production 

of cosmetic ingredients.  

  

Acknowledgements 

 A.M.M. express gratitude to Capes (Brazil) for the scholarship and to all the 

BioEurope-Solabia Group (Anet, France), especially to Dr. Florent Yvergnaux and Dr. 

Gerard Josset for the support. The authors are grateful to FAPESP and the 

Chromatography Group of the Instituto de Química de São Carlos-USP (including 

Guilherme M. Titano) for the HRSM analysis (FAPESP Grant n° 2004/09498-2). 

 

 

 

 

 

 

 

 

 

 



12 
 

References 

 

[1] D. Madamwar, B. Nidetzky. Preface - Biocatalysis. Bioresour. Technol. 1(2012) 
115. 

 [2] K.E. Jaeger, T. Eggert. Lipases for biotechnology. Curr. Opin. Biotechnol. 13 
(2002) 390-397. 
 
 [3] A. Illanes, A. Cauerhff, L. Wilson, G.R. Castro. Recent trends in biocatalysis 
engineering. Bioresour. Technol. 115 (2012) 48-57.  
 
 [4] U. Schorken, P. Kempers. Lipid biotechnology: Industrially relevant production 
process. Eur. J. Lipid Sci. Technol. 111 (2009) 627-645. 
 
 [5] F. Hasan, A. A. Shah, A. Hameed. Industrial applications of microbial lipases. 
Enzyme Microb. Technol. 39 (2006) 235-251. 
 
[6] M.C. De Zoete, F.V. Rantwijk, R.A. Sheldon. Lipase-catalyzed transformations with 
unnatural acyl acceptors. Catal. Today. 22 (1994) 563-590.  
 
[7] H.F. Castro, A.A. Mendes, J.C. Santos. Modificação de óleos e gorduras por 
biotransformação. Quim. Nova. 27 (2004) 146-156.  

[8] T. Maugard, M. Remaud-Simeon, D. Petre, P. Monsan. Enzymatic amidification for 
the synthesis of biodegradable surfactants: Synthesis of N-acylated hydroxylated 
amines. J. Mol. Catal. B: Enzym. 5 (1998)13-17. 

[9] M.B. Ansorge-Schumacher, O.Thum. Immobilized lipases in the cosmetics industry. 
Chem. Soc. Rev. 42 (2013) 6475-6490. 
 
[10] T. Maugard. Application of hydrolases to the enzymatic synthesis of cosmetic 
Ingredients. Sci. Study Res. 4 (2003) 39-50. 
 

[11] L. Couturier, D. Taupin, F. Yvergnaux. Lipase-catalysed chemoselective 
aminolysis of various aminoalcohols with fatty acids. J. Mol. Catal. B: Enzym. 56 
(2009) 29-33.  

 
[12] L. Couturier, F. Yvergnaux. Combined structural and biological activities for new 
polyunsaturated fatty derivatives obtained by biotechnological process.  Int. J. Cosmet. 
Sci. 31 (2009) 209-234. 
 
[13] Y. Uchida, W.M. Holleran. Omega-o-acylceramide, a lipid essential for 
mammalian survival. J. Dermatol. Sci. 51 (2008) 77-87.  
 
[14] P.M. Elias. Stratum corneum defensive functions: An integrated view. The J. 
Invest. Dermatol. 125 (2005)183-200. 



13 
 

[15] P.W. Wetz. The nature of the epidermal barrier: biochemical aspects. Adv. Drug 
Delivery Rev. 18 (1996) 283-294.  

 [16] J.F. Molina. Omega ceramide technology: An active molecule stabilization and 
transportation system to preserve and strengthen the integrity of the skin. Household 
Pers. Care Today. 2 (2008) 12-15.  

[17] H. Stamatis, V. Sereti, F.N. Kolisis. Enzymatic synthesis of hydrophilic and 
hydrophobic derivatives of natural phenolic acids in organic media. J. Mol. Catal. B: 
Enzym. 11 (2001) 323-328.  

[18] R.W. Owen, A. Giacosa, W.E. Hull, R. Haubner, B. Spiegelhalder, H. Bartsch. The 
antioxidant/anticancer potential of phenolic compounds isolated from olive oil. Eur. J. 
Cancer.10 (2000) 1235-1247.  
 
 [19] Yi. Zhong, Y.Z. Cai, M. Sun, J. Xing, Q. Luo. Corke Structure–radical scavenging 
activity relationships of phenolic compounds from traditional Chinese medicinal plants. 
Life Sci. 78 (2006) 2872-2888.  

[20] K. Jung, M. Seifert, T. H. Herrling, J. Fuchs.  UV-generated free radicals (FR) in 
skin: Their prevention by sunscreens and their induction by self-tanning agents. 
Spectrochim. Acta Part A. 68 (2008) 1423-1428. 
 
[21] L. Ho-Sup, K. Il-Hwan. Salicylic acid peels for the treatment of Acne vulgaris in 
asian patients. Dermatol. Surg. 29 (2003)1196-99.  
 
[22] A.I. Aljuffali, C.L. Fand, S.H. Chang, J.Y. Fang. Hydroquinone-salicylic acid  
conjugates  as  novel  anti-melasma  actives show  superior  skin  targeting  compared  
to  the  parent  drugs. J. Dermatol. Sci. 76 (2014) 120-131. 
 
[23] E.M.S. Merinville, A. Byrne, P. Rawlings, B. Muggleton, A. Laloeuf. Three 
clinical studies showing the anti-aging benefits of sodium salicylate in human skin. J. 
Cosm. Dermatol. 9 (2010) 174-184. 
 
[24] A. Levesque, I. Hamzavi, S. Seite, A. Rougier, R. Bissonnete. Randomized trial 
comparing a chemical peel containing a lipophilic hydroxy acid derivative of salicylic 
acid with a salicylic acid peel in subjects with comedonal acne. J. Cosm. Dermatol. 10 
(2011) 174-178.  
 
[25] Y.J. Jiang, P. Kim, Y. Uchida, P.M. Elias, D.D. Bikle, C. Grunfeld, K.R. Feingold 
Ceramides stimulate caspase-14 expression in human keratinocytes. Experim. Dermatol. 
22 (2013) 113-118.  
 
[26] G.R. Nanayakkara, F. Ben, A.B. Marriott, P.J. Whitfield, M.B. Brown. The  effect 
of  unsaturated  fatty  acids  in  benzyl  alcohol  on  the  percutaneous permeation  of  
three  model  penetrants.  Int. J. Pharm. 301 (2005)129-139. 
 
[27] L.M. Colla, J. Rizzardi, M.H. Pinto, C.O. Reinehr, T.E. Bertolin, J.A. Vieira 
Simultaneous production of lipases and biosurfactants by submerged and solid-state 
bioprocesses. Bioresour. Technolol. 101 (2010) 8308-8314.  



14 
 

 
[28] L.E. Emmanuelle, S. Briançon, Y. Chevalier, C. Bordes, T. Oddos, A. Gohier, 
M.A. Bolzinger. Skin toxicity of surfactants: structure/toxicity relationships. Colloids 
Surf. A 2015; http://dx.doi.org/10.1016/j.colsurfa.2015.01.019. 
 
  
[29] C. Wen, Q. Yuan, H. Liang, F. Vriesekoop. Preparation and stabilization of D-
limonene pickering emulsions by cellulose nanocrystals. Carbohydr Polym. 4 (2014) 
695-700.  
 
[30] M. Fernandez-Perez, C. Otero. Enzymatic synthesis of amide surfactants from 
ethanolamine. Enzyme Microb. Technol. 28 (2001) 527-536. 
 
[31] A. Loupy, M. Delmotte. Microwave effects in solvent-free esters aminolysis. 
Tetrahedron 59 (2003) 2185-2189.  
 
[32] A. Khalafi-Nezhad, A. Parhami, M. N. S. Radb, A. Zarea. Efficient method for the 
direct preparation of amides from carboxylic acids using tosyl chloride under solvent-
free conditions. Tetrahedron Lett. 46 (2005) 6879-6882. 
 
[33] K. M. Whitten, A. Makriyannis, S. K. Vadivel. Enzymatic synthesis of N-
acylethanolamines: direct method for the aminolysis of esters. Tetrahedron Lett. 53 
(2012) 5753-5755. 

[34] C. A. G. N. Montalbetti, V.Falque. Amide bond formation and peptide coupling. 
Tetrahedron 61 (2005) 10827-10852. 

[35] L. Zhang, X. Wang, J. Wang, N. Grinberg, D. Krishnamurthy, C. H. Senanayake. 
An improved method of amide synthesis using acyl chlorides. Tetrahedron Lett. 50 
(2009) 2964-2966.  

[36] C. Sabot, A. K. Kanduluru, S. Meunir, C. Mioskowski. A convenient aminolysis of 
esters catalyzed by 1,5,7-triazabicyclo[4.4.0]dec-5-ene (TBD) under solvent-free 
conditions. Tetrahedron Lett. 48 (2007) 3863-3866. 
 

[37] L. Perreux, A. Loupy, F. Volatron. Solvent-free preparation of amides from acids 
and primary amines under microwave irradiation. Tetrahedron 58 (2002) 2155-2162.  
 

[38] A. K. Prasad, M. Husain, B. K. Singh, R. K. Gupta, V. K. Manchanda, C. E. Olsen, 
V. S. Parmar. Solvent-free biocatalytic amidation of carboxylic acids. Tetrahedron Lett. 
46 (2005) 4511-4514. 
 

[39] P. Kaushik, N. A. Shakil, J. Kumar, B. B. Singh. Lipase-catalyzed solvent-free 

amidation of phenolic acids. Synth. Commun. 1(2015) 1-9.  

 

 [40] E. Stavila, K. Loos. Synthesis of lactams using enzyme-catalyzed aminolysis. 
Tetrahedron Lett. 54 (2013) 370-372.  
 



15 
 

[41]. P. Xiao, S. Zhang, H. Mac, A. Zhang, X. L, L. Zheng.  Stereoselective synthesis of 
caffeic acid amides via enzyme-catalyzed asymmetric aminolysis reaction. J. 
Biotechnol. 168 (2013) 552-559.  
 

[42] W. E. Levinson, T.M. Kuo, C.P. Kurtzman. Lipase-catalyzed production of novel 
hydroxylated fatty amides in organic solvent. Enzyme Microb. Technol. 37 (2005) 126-
130. 
 

[43] S.K. Khare, A. Kumar, T.M. Kuo. Lipase-catalyzed production of a bioactive fatty 
amide derivative of 7,10-dihydroxy-8(E)-octadecenoic acid. Bioresour. Technol. 100 
(2009) 1482-1485. 
 
[44] A. Azim, S. K. Sharma, C. E. Olsen, V. S. Parmar. Lipase catalyzed synthesis of 
optically enriched α-haloamides. Bioorg. Med. Chem. 5 (2001) 1345-1348.  
 
[45] A. Bose, N. A. Shakil, J. Kumar, M.K. Singh. Biocatalytic amidation of carboxylic 
acids and their antinemic activity. J. Environ. Sci. Health B. 45 (2010) 254-261.  
 
[46] J. Novotný, A. Hrabálek, J. Vávrova. Synthesis and structure-activity relationship 
of skin ceramides. Curr. Med. Chem. 17 (2010) 2301-2342. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



16 
 

 
O

O H2N+

CALB

O

NH

(9Z,12Z)-N-dodecyloctadeca-9,12-dienamide

65°C, 20 h
vacuum
-EtOH

  

 

Scheme 1. Aminolysis reaction catalyzed by CALB for the synthesis of (9Z,12Z)-N-dodecyloctadeca-

9,12-dienamide (3).  

 
 

 

Scheme 2. Aminolysis reaction catalyzed by CALB for the synthesis of N-dodecyl-2-hydroxybenzamide 

(5). 

 
 
 
 
 
 
 
 
 
 
 



17 
 

 
Table 1. Chromatography conditions for analysis of aminolysis reactions by HPLC 

Fatty 
amides 

Time 
(min) 

Flow 
(mL/min) 

(A)% 
MeOH 

(B)% 
H2O 

tr  
(reactant) 

tr  
(fatty 

amide)
3 40 0.27 80 20 14.5 22.2 

5 30 0.27 50 50 9.2 21.0 

tr: retention time, column: X terra MS C18 5M. 

 
 
 
 
 
 
Table 2. Aminolysis reactions performed with different molar ratios of reactants for the synthesis of 
(9Z,12Z) -N-dodecyloctadeca-9,12-dienamide (3) and N-dodecyl-2-hydroxybenzamide (5). 

Reaction Ethyl linoleate (1): N-dodecylamine (2) 
(Mols) 

Remaining ester 1 
(%) 

Fatty amide 3a

(%) 
1 0.8: 1.0 27 73 

2 1.0:1.0 1 99 

3 1.0:2.0 1 99 

Reaction Ethyl salicylate (4): N-dodecylamine (2)   
(Mols) 

Remaining ester 4 
 (%) 

Fatty amide 5a

(%) 
4 0.8:1.0 34 66 

5 1.0:1.0 4 96 

6 1.0:2.0 1 99 

Experimental conditions: T=65 °C, p=50 mbar, CALB: 5 g/mol of esters 2 or 4, time: 20 hours, a: yields 
values obtained by HPLC analysis.  
 
 

Table 3. Aminolysis reactions of ethyl linoleate (1) and N-dodecylamine (2) for the synthesis of (9Z,12Z) 
-N-dodecyloctadeca-9,12-dienamide (3) catalyzed by CALB. 

Reaction 
 

CALB 
 (g/mol ethyl ester 1) 

Remaining ethyl 
linoleate (1) (%) 

(9Z,12Z) -N-
dodecyloctadeca-9,12-

dienamide (3)a (%) 
1 0.6 70 30 
2 1.2 27 73 
3 2.5 12 88 
4 5.0 1 99 
5 7.5 1 99 
6 10.0 0 100 
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Experimental conditions: T=65 °C, p=50 mbar, CALB: g/mol of ethyl linoleate (1), equimolar 
concentration of reactants (1:1), time: 20 h, a: yields obtained by HPLC analysis.  
 
Table 4. Aminolysis reactions among ethyl salicylate (4) and N-dodecylamine (2) for the synthesis of N-
dodecyl-2-hydroxybenzamide (5). 

Reaction CALB  
(g/mol ethyl ester 4) 

Remaining ethyl salicylate 
(4) (%) 

N-dodecyl-2-
hydroxybenzamide (5)a(%) 

1 0.6 75 25 
2 1.2 32 68 
3 2.5 15 85 
4 5.0 4 96 
5 7.5 3 97 
6 10 3 97 

Experimental conditions: T=65 °C, p=50 mbar, CALB: g/mol of ethyl salicylate (4), equimolar 
concentration of reactants (1:1), time: 20 hours, a: yields obtained by HPLC analysis.  
 


