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This paper reports on the synthesis of a series of amide derivatives from 
acrylopimaric acid (APA). The derivatives contained aromatic groups and 
were characterized by IR, 1HNMR, MS, and elemental analysis. The 
antibacterial activity of the derivatives against Gram-negative bacteria 
and Gram-positive bacteria were also investigated. When compared with 
the other derivatives, compounds 3a and 3f showed much higher activity 
against Escherichia coli (Gram-negative bacteria) with inhibition zones of 
5 mm and 5.5 mm, respectively. Structure-activity relationship analysis 
revealed that ortho-substituted phenyl derivatives and meta-substituted 
phenyl derivatives exhibited higher activity than the para-substituted 
derivatives. Meanwhile, the halogen-substituted compounds did not 
show visible antibacterial activity compared with other compounds, which 
may have been caused by the lower electron density of the halogen-
substituted phenyl rings. 
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INTRODUCTION 
 
 As an important natural resource, rosin is widely available throughout China 
(Cheng 1996). Rosin, as well as its derivatives, has been developed as a starting material 
for synthesizing various chemicals and/or intermediates, which are renewable alternatives 
or substitutes of petrochemical-based chemicals (Lu et al. 2007; Wang et al. 2009). For 
example, rosin can be used as a paper sizing agent to resist penetration of aqueous liquids 
(Hubbe 2007). Jong and Sung (2002) reported that a negative photoresist made from 
copolymers containing rosin moiety showed favorable sensitivity and contrast.  
 Crystallization and oxidization are two factors that restrict the application of 
rosins. Because of this, chemical modification is required before the rosin can be utilized. 
Acrylopimaric acid (APA) is a Diels–Alder adduct of rosin and acrylic acid (Diels and 
Alder 1930) and has been isolated and characterized (Wang et al. 2009). It has been used 
in producing alkyd resins as well as used in paper sizing agents (Sabyasachi et al. 1990), 

coatings (Xie 1997), adhesives (Feng 2007), surfactants (Zhong et al. 2003), and 
photoresist (Jong and Sung 2002). In our earlier work, we have reported the synthesis and 
biological activity of diacylthiourea and dihydrazone derivatives from APA (Li et al. 
2011a,b). 
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 Amides have been used as fungicides for decades following the discovery of 
carboxin by Schmeling and Kulka (1966). Since then, more than 20 molecules with 
similar structures, such as benodani (Pommer et al. 1974), flutolanil (Yabutani et al. 
1978), and trifluzamide (Alt et al. 1991) have been developed. The use of these toxic 
fungicides, however, may adversely impact the environment. As a feasible solution, 
products from natural resources can be chemically modified with similar structures.  
 In this work, a series of amide derivatives from APA were synthesized, and their 
structures were characterized by IR, 1HNMR, MS, and elemental analysis. Meanwhile, 
their antimicrobial activities against Staphylococcus aureus (gram-positive bacteria) and 
Escherichia coli (Gram-negative bacteria) were also investigated. The goal of this 
exploration is to promote the application of rosin in antimicrobial activity aspects.  
 
 
EXPERIMENTAL 
 
Materials and Instruments 
 Gum rosin (Grade one) was obtained from a commercial source (Wu Zhou Pine 
Chemicals Ltd., Guang Xi, China) and used without further purification. All other 
chemicals were of reagent grade. The IR spectra were taken on a Nicolet IS10 FT-IR 
(Nicolet, Madison, USA) spectrophotometer (scan times, 16; resolution, 6.000). The 
1HNMR spectra were recorded using a Bruker AV-300 (Bruker, Karlsruhe, Germany) 
nuclear magnetic resonance spectrometer with dimethylsulfoxide (DMSO) as the solvent 
and tetramethylsilane (TMS) as the internal standard. The mass spectroscopy (MS) data 
were obtained using an Agilent-5973 (Agilent, Santa Clara, USA) spectrophotometer. 
The melting points were determined using an XT-5 (Saiao, Beijing, China) melting point 
apparatus. The elemental analysis (C, H, and N) was performed using a Vario EL-III 
(Elementar, Hanau, Germany) elemental analyzer; the results were in good agreement 
with the calculated values (within ±0.5%). All reactions were traced by thin layer 
chromatography (TLC). Fourteen new amide derivatives were synthesized from APA, 
and their synthetic routes are shown in Fig. 1. 
 

 
 

Fig. 1. Synthetic routes of the Acrylopimaryl amide derivatives 
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General Synthetic Procedure for Acrylopimaric acid (1b) 
 In accordance with the literature (Noah et al. 1961, 1972), the gum rosin (1000 g) 
and hydroquinone (5 g) were charged to a flask equipped with a stirrer, dropping funnel, 
N2 inlet, thermometer, and water trap topped with a water-cooled condenser. The rosin 
was first heated using a slow stream of nitrogen and then stirred after melting had 
occurred. The temperature was adjusted to 220C, and the acrylic acid was added 
dropwise within 0.3 h. The mixture was then heated to 230C for a residence time of 4 h, 
and the products were collected after cooling to 170C. Two isomers of the APA 
derivatives (1a and 1b in Table 1, with contents of 15% and 55%, respectively, in the 
products) were found within them, as determined by GC. The target chemical 1b (with 
content of 95%) was obtained by recrystallization with ethanol and sodium salts.  
 
General Synthetic Procedure for Acrylopimaryl Chloride (2) 
 In a 250 mL flask with a water-cooled condenser, thermometer, drying tube, and 
dropping funnel, 20 mmol of APA and 80 mL of CH2Cl2 were stirred until the solid was 
dissolved. 50 mmol of thionyl chloride was then added dropwise through a dropping 
funnel within 1 h and refluxed for 4 h at 65 C. Acrylopimaryl chloride was then obtained 
after removing the dichloromethane and excess thionyl chloride under reduced pressure. 
 
General Synthetic Procedure for the Acrylopimaryl Amide Derivatives   
(3a-3n) 
 A solution of Acrylopimaryl chloride in 15 mL of CH2Cl2 was added dropwise to 
a solution of 60 mmol of amine and 60 mmol of triethylamine in 40 mL of CH2Cl2 within 
30 minutes at room temperature. After reacting for 12 h, the mixture was washed using 
50 mL of 0.1M hydrochloric acid three times and then deionized water. Purification of 
the residue by silica gel chromatography [V (ethyl acetate)/ V (petroleum ether) =1:10] 
gave the fourteen resulting derivatives, 3a to 3n (shown below). 
 
Antibacterial Activity 
 The antibacterial activities of the derivatives were estimated by a disc paper 
method (Afroditi 1996; Bauer et al. 1959; Bauer et al. 1966). The test chemicals were 
dissolved in ethanol and sterile water to obtain a solution concentration of 256 μg/mL. As 
test species, Staphylococcus aureus and Escherichia coli were cultivated in beef extract-
peptone for 1 week. Small amounts (1 to 2 scratches) of fresh bacteria from the culture 
medium were then added into the culture solution, and in turn diluted the solution 10 fold 
to a concentration of 5.0 to 10.0 × 106 (CFU) mL-1. 1mL of the bacterial solution was 
then evenly coated on a 90 mm plate of the beef extract peptone medium. A 6 mm 
diameter sterile filter paper was dipped in the solution of chemicals for 10 minutes and 
then placed on the plate. The inhibition zones were measured by calipers (in units of mm) 
at the end of an incubation period of 24 h. All experiments were conducted in triplicate to 
be positive at a given concentration,  
 

Diameter of inhibition zone (mm) = A1 - A0                                              (1) 
 

where A0 is the diameter of the control (blank, ethanol and sterile water without 
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chemical), and A1 is the diameter in the presence of test chemicals. 
 
 
RESULTS AND DISCUSSION 
 
 As a dicarboxylic acid, APA was obtained by the Diels-Alder addition reaction 
between rosin and acrylic acid; the content of APA (Fig. 1) in the Diels-Alder adducts 
was 70%. Additional purifications were required to remove other reactants and separate 
the two isomers 1a and 1b (in Fig. 1). Following the approach given in the literature 
(Wang et al. 2009), the target isomer 1b was separated by recrystallization, and the 
content of 1b was 95%. 

 Fourteen amide derivatives from APA were prepared, and their structures are 
shown in Table 1. These compounds have two amide groups. At the same time, aromatic 
rings, as well as active atoms/groups such as fluorine, chlorine, bromine, and 
trifluoromethyl on the aromatic ring were introduced into the amide backbone, in order to 
carry out the preliminary analysis of structure-activity relationship. The derivative struc-
tures were characterized by IR, 1HNMR, MS, and elemental analysis.  
 
APA Amide Derivatives 

 
N-benzyl-acrylopimaramide (3a) 
 White powder, m.p. 140.8-141.6C, yield: 7.77 g (70.4%). IR (cm-1): 3363, 3259 
(N-H); 2926, 2854 (-CH3, -CH2); 1659 (N-C=O); 738, 697 (Ar-H). 1HNMR (DMSO. 
δ/ppm. 300MHz): 9.61, 9.06 (m, 2H, CONH-); 7.61-6.96 (m, 10H, Ar-H); 5.29 (S, H, 
C=CH-); 4.71-4.30 (m, 4H, Ar-CH2-); 2.57 (S, H, -CH-C=O-); 2.01-1.83 (m, 3H, -CH-); 
1.82-1.24 (m, 14H, -CH2-); 1.53 (m, H, -CH-(Me)2); 1.14-0.61 (m, 12H, CH3). ESI-MS 
m/z=553 [M+H]+. Anal. Calcd for C37H48N2O2: C, 80.39; H, 8.75; N, 5.07. Found: C, 
80.27; H, 9.00; N, 4.86. 

 
N-phenyl-acrylopimaramide (3b) 

White powder, m.p. 135.6-137.4C, yield: 7.55 g (72%). IR (cm-1): 3354 (N-H); 
2961, 2861 (-CH3, -CH2); 1663 (N-C=O); 754, 691 (Ar-H). 1HNMR (DMSO. δ/ppm. 
300MHz): 8.08, 7.95 (m, 2H, CONH-); 7.29-7.20 (m, 10H, Ar-H); 5.25 (S, H, C=CH-); 
2.68 (S, H, -CH-C=O-); 2.50-1.28 (m, 14H, -CH2-); 2.11-1.90 (m, 3H, -CH-); 1.57 (m, H, 
-CH-(Me)2); 1.17-0.55 (m, 12H, CH3). ESI-MS m/z=525 [M+H]+. Anal. Calcd for 
C35H44N2O2: C, 80.11; H, 8.45; N, 5.34. Found: C, 79.90; H, 8.54; N, 5.08. 
 
N-(o-methylphenyl)-acrylopimaramide (3c)  

Yellow powder, m.p. 125.7-126.9C, yield: 6.6 g (60%). IR (cm-1): 3301 (N-H); 
2924, 2864 (-CH3, -CH2); 1663 (N-C=O); 748 (Ar-H). 1HNMR (DMSO. δ/ppm. 
300MHz): 8.05, 7.99 (m, 2H, CONH-); 7.34-7.03 (m, 8H, Ar-H); 5.30 (S, H, C=CH-); 
2.69 (S, H, -CH-C=O-); 2.20 (S, 6H, Ar-CH3); 2.24-2.11 (m, 3H, -CH-); 2.19-2.04 (m, 
14H, -CH2-); 1.55 (m, H, -CH-(Me)2); 1.21-0.62 (m, 12H, CH3). ESI-MS m/z=553 
[M+H] +. Anal. Calcd for C37H48N2O2: C, 80.39; H, 8.75; N, 5.07. Found: C, 80.28; H, 
8.80; N, 4.84. 
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Table 1.  Structures of the Synthesized APA Amide Derivatives 

  
R  Group 

 
 

N-(m-methylphenyl)-acrylopimaramide (3d)  
White powder, m.p. 126.9-127.8C, yield: 4.97 g (45%). IR (cm-1): 3338 (N-H); 

2922, 2864 (-CH3, -CH2); 1663 (N-C=O); 778, 689 (Ar-H). 1HNMR (DMSO. δ/ppm. 
300MHz): 8.09, 7.98 (m, 2H, CONH-); 7.31-6.96 (m, 8H, Ar-H); 5.29 (S, H, C=CH-); 
2.67 (S, H, -CH-C=O-); 2.31 (S, 6H, Ar-CH3); 2.33-2.29 (m, 3H, -CH-); 2.17-1.27 (m, 
14H, -CH2-); 1.58 (m, H, -CH-(Me)2); 1.17-0.59 (m, 12H, CH3). ESI-MS m/z=553 
[M+H] +. Anal. Calcd for C37H48N2O2: C, 80.39; H, 8.75; N, 5.07. Found: C, 80.19; H, 
8.97; N, 4.95. 
 
N-(p-methylphenyl)-acrylopimaramide (3e)  

White powder, m.p. 142.0-142.9C, yield: 5.85 g (53%). IR (cm-1): 3334 (N-H); 
2922, 2864 (-CH3, -CH2); 1662 (N-C=O); 812 (Ar-H). 1HNMR (DMSO. δ/ppm. 
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300MHz): 8.35, 8.06 (m, 2H, CONH-); 7.35-7.04 (m, 8H, Ar-H); 5.30 (S, H, C=CH-); 
2.66 (S, H, -CH-C=O-); 2.28 (S, 6H, Ar-CH3); 2.32-2.27 (m, 3H, -CH-); 2.17-1.26 (m, 
14H, -CH2-); 1.54 (m, H, -CH-(Me)2); 1.16-0.70 (m, 12H, CH3). ESI-MS m/z=553 
[M+H] +. Anal. Calcd for C37H48N2O2: C, 80.39; H, 8.75; N, 5.07. Found: C, 80.47; H, 
8.85; N, 4.95. 
 
N-(2, 4-dimethylphenyl)-acrylopimaramide (3f)  

White powder, m.p. 207.7-208.5C, yield: 5.45 g (47%). IR (cm-1): 3265 (N-H); 
2920, 2861 (-CH3, -CH2); 1670 (N-C=O); 804, 685 (Ar-H). 1HNMR (DMSO. δ/ppm. 
300MHz): 8.83, 8.71 (m, 2H, CONH-); 7.21-6.88 (m, 6H, Ar-H); 5.33 (S, H, C=CH-); 
2.69 (S, H, -CH-C=O-); 2.49-1.58 (m, 14H, -CH2-); 2.35-2.10 (S, 12H, Ar-CH3); 2.29-
2.17 (m, 3H, -CH-); 1.57 (m, H, -CH-(Me)2); 1.47-0.61 (m, 12H, CH3). ESI-MS m/z=581 
[M+H]+. Anal. Calcd for C39H52N2O2: C, 80.64; H, 9.02; N, 4.82. Found: C, 80.52; H, 
9.50; N, 4.56. 
 
N-(3, 5-dimethylphenyl)-acrylopimaramide (3g) 
 White powder, m.p. 140.8-142.9C, yield: 7.50 g (68%). IR (cm-1): 3348 (N-H); 
2921, 2864 (-CH3, -CH2); 1664 (N-C=O); 836, 686 (Ar-H). 1HNMR (DMSO. δ/ppm. 
300MHz): 8.91, 8.68 (m, 2H, CONH-); 7.14-7.03 (m, 6H, Ar-H); 5.30 (S, H, C=CH-); 
2.68 (S, H, -CH-C=O-); 2.54-1.26 (m, 14H, -CH2-); 2.29-2.24 (m, 3H, -CH-); 2.28-1.42 
(S, 12H, Ar-CH3); 1.52 (m, H, -CH-(Me)2); 1.14-0.61 (m, 12H, CH3). ESI-MS m/z=553 
[M+H]+. Anal. Calcd for C39H52N2O2: C, 80.64; H, 9.02; N, 4.82. Found: C, 80.29; H, 
9.43; N, 4.48. 
 
N-(o-methoxyphenyl)-acrylpimaramide (3h)  

Yellow powder, m.p. 129.8-130.5C, yield: 8.53 g (73%). IR (cm-1): 3343 (N-H); 
2929, 2866 (-CH3, -CH2); 1672 (N-C=O); 745 (Ar-H). 1HNMR (DMSO. δ/ppm. 
300MHz): 8.52, 8.34 (m, 2H, CONH-); 7.80-7.43 (m, 8H, Ar-H); 5.29 (S, H, C=CH-); 
3.87 (m, 6H, -OCH3); 2.68 (S, H, -CH-C=O-); 2.55-1.02 (m, 14H, -CH2-); 2.16-1.87 (m, 
3H, -CH-); 1.54 (m, H, -CH-(Me)2); 1.16-0.67 (m, 12H, CH3). ESI-MS m/z=585 
[M+H]+. Anal. Calcd for C37H48N2O4: C, 75.99; H, 8.27; N, 4.79. Found: C, 76.01; H, 
8.58; N, 4.45. 
 
N-(m-methoxyphenyl)-acrylopimaramide (3i)  

White powder, m.p. 120.0-120.5C, yield: 8.76 g (75%). IR (cm-1): 3349 (N-H); 
2927, 2864 (-CH3, -CH2); 1664 (N-C=O); 770, 686 (Ar-H). 1HNMR (DMSO. δ/ppm. 
300MHz): 8.39, 8.22 (m, 2H, CONH-); 7.38-6.91 (m, 8H, Ar-H); 5.29 (S, H, C=CH-); 
3.79 (m, 6H, -OCH3); 2.68 (S, H, -CH-C=O-); 2.53-1.28 (m, 14H, -CH2-); 2.19-1.87 (m, 
3H, -CH-); 1.54 (m, H, -CH-(Me)2); 1.21-0.65 (m, 12H, CH3). ESI-MS m/z=585 [M+H] 
+. Anal. Calcd for C37H48N2O4: C, 75.99; H, 8.27; N, 4.79. Found: C, 75.70; H, 8.53; N, 
4.43. 
 
N-(p-methoxyphenyl)-acrylopimaramide (3j) 

White powder, m.p. 130.8-131.5C, yield: 8.99 g (77%). IR (cm-1): 3324 (N-H); 
2925, 2864 (-CH3, -CH2); 1661 (N-C=O); 825 (Ar-H). 1HNMR (DMSO. δ/ppm. 
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300MHz): 8.38, 8.29 (m, 2H, CONH-); 7.31-7.08 (m, 8H, Ar-H); 5.31 (S, H, C=CH-); 
3.17 (m, 6H, -OCH3); 2.67 (S, H, -CH-C=O-); 2.51-1.26 (m, 14H, -CH2-); 2.16-1.83 (m, 
3H, -CH-); 1.55 (m, H, -CH-(Me)2); 1.19-0.61 (m, 12H, CH3). ESI-MS m/z=585 [M+H] 
+. Anal. Calcd for C37H48N2O4: C, 75.99; H, 8.27; N, 4.79. Found: C, 75.86; H, 8.31; N, 
4.59. 
 
N-(p-fluorophenyl)-acrylopimaramide (3k) 

White powder, m.p. 129.3-130.4C, yield: 7.62 g (68%). IR (cm-1): 3298 (N-H); 
2927, 2865 (-CH3, -CH2); 1647 (N-C=O); 827 (Ar-H). 1HNMR (DMSO. δ/ppm. 
300MHz): 8.42, 8.28 (m, 2H, CONH-); 7.37-7.19 (m, 8H, Ar-H); 5.29 (S, H, C=CH-); 
2.68 (S, H, -CH-C=O-); 2.52-1.27 (m, 14H, -CH2-); 2.08-1.93 (m, 3H, -CH-); 1.55 (m, H, 
-CH-(Me)2); 1.16-0.65 (m, 12H, CH3). ESI-MS m/z=561 [M+H]+. Anal. Calcd for 
C35H42F2N2O2: C, 74.97; H, 7.55; N, 5.00. Found: C, 74.86; H, 7.53; N, 4.91. 
 
N-(p-chlorophenyl)-acrylopimaramide (3l)  

White powder, m.p. 156.4-157.4C, yield: 7.71 g (65%). IR (cm-1): 3338 (N-H); 
2925, 2865 (-CH3, -CH2); 1665 (N-C=O); 824 (Ar-H). 1HNMR (DMSO. δ/ppm. 
300MHz): 8.45, 8.39 (m, 2H, CONH-); 7.40-6.83 (m, 8H, Ar-H); 5.26 (S, H, C=CH-); 
2.68 (S, H, -CH-C=O-);  2.51-1.27 (m, 14H, -CH2-); 2.49-2.30 (m, 3H, -CH-); 1.56 (m, 
H, -CH-(Me)2); 1.18-0.59 (m, 12H, CH3). ESI-MS m/z=594 [M+H]+. Anal. Calcd for 
C35H42Cl2N2O2: C, 70.81; H, 7.13; N, 4.72. Found: C, 70.67; H, 7.07; N, 4.57. 

 
N-(p-bromophenyl)-acrylopimaramide (3m)  

White powder, m.p. 140.7-141.4C, yield: 9.55 g (70%). IR (cm-1): 3344 (N-H); 
2924, 2864 (-CH3, -CH2); 1665 (N-C=O); 822 (Ar-H). 1HNMR (DMSO. δ/ppm. 
300MHz): 8.41, 8.35 (m, 2H, CONH-); 7.38-7.23 (m, 8H, Ar-H); 5.35 (S, H, C=CH-); 
2.67 (S, H, -CH-C=O-);  2.54-1.18 (m, 14H, -CH2-); 2.03-1.87 (m, 3H, -CH-); 1.54 (m, 
H, -CH-(Me)2); 1.16-0.64 (m, 12H, CH3). ESI-MS m/z=683 [M+H]+. Anal. Calcd for 
C35H42Br2N2O2: C, 61.59; H, 6.20; N, 4.10. Found: C, 61.76; H, 6.38; N, 3.98. 
 
N-(p-trifluoromethylphenyl)-acrylopimaramide (3n)  
 White powder, m.p. 158.9-160.2C, yield: 5.28 g (40%). IR (cm-1): 3343 (N-H); 
2928, 2868 (-CH3, -CH2); 1671 (N-C=O); 838 (Ar-H). 1HNMR (DMSO. δ/ppm. 
300MHz): 8.64, 8.33 (m, 2H, CONH-); 7.58-7.26 (m, 8H, Ar-H); 5.31 (S, H, C=CH-); 
2.69 (S, H, -CH-C=O-); 2.54-1.21 (m, 14H, -CH2-); 2.06-1.92 (m, 3H, -CH-); 1.56 (m, H, 
-CH-(Me)2); 1.17-0.66 (m, 12H, CH3). ESI-MS m/z=661 [M+H]+. Anal. Calcd for 
C37H42F6N2O2: C, 67.26; H, 6.41; N, 4.24. Found: C, 67.12; H, 6.50; N, 4.08. 
 
 The newly synthesized compounds were screened for their antibacterial activity 
against two kinds of bacteria, Staphylococcus aureus and Escherichia coli. Some of them 
were comparable to reference Bromogeramine. The antimicrobial activities of the amide 
derivatives from APA against tested micro-organisms are presented in Table 2.  
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Table 2.  Inhibition Zone (mean diameter of inhibition/mm) as a Criterion of 
Antibacterial Activity of the Newly Synthesized Title Compounds (256 μg/mL 
solution in ethanol) 

Compound Escherichia coli  
(Gram-negative bacteria)b 

Staphyloccocus aureus 
(Gram-positive bacteria)b 

3a 5.00 0.50 

3b 0.06 0.01 

3c 0.73 0.01 

3d 1.00 0.30 

3e 0.07 0.01 

3f 5.50 0.93 

3g 0.02 0.01 

3h 1.67 0.38 

3i 0.50 0.30 

3j 0.01 0.01 

3k 0.02 0.03 

3l 0.51 0.01 

 3m 0.01 0.33 

3n 0.01  0.01 

Bromogeraminea 7.90 17.9 
a Reference compound 
b Values are mean of three independent trials 
 
 It was shown that compounds 3a, 3c, 3d, 3f, 3h, 3i, 3l, and 3m possess anti-
bacterial activity. Among them, compounds 3a and 3f exhibited excellent anti-bacterial 
activity against Escherichia coli, whereas compounds 3a, 3d, 3f, 3h, 3l, and 3m showed 
mild anti-bacterial activity against Staphylococcus aureus. The non-modified rosin 
showed some antibacterial activity over the Gram-positive bacteria only (Goodson et al. 
1999; Rao 2007; Soderberg et al. 1990; Soderberg et al. 1991). The Acrylopimaryl amide 
derivatives displayed extensive anti-bacterial activity against Escherichia coli. Among 
them, the inhibition zones against Escherichia coli of compounds 3a and 3f were 5 mm 
and 5.5 mm, respectively. This may be due to two reasons. First, the APA contains two 
carboxyl groups. So the amide derivatives from APA will have two amide groups, while 
other amides from abietic type acids of rosin have only one. This may increase the chance 
of the antibacterial agent to penetrate the cell wall via suitable bindings, and improve its 
antibacterial activity. On the other hand, aromatic rings are introduced to the amide 
backbone, as well as active atoms/groups such as fluorine, chlorine, bromine, and 
trifluoromethyl are added on the aromatic ring. These changes may also enhance the 
biological activity of the compounds. These results were noticeable and showed 
promising applications.  
 According to certain structure activity relationship (SAR), it can be concluded 
that the ortho-substituted phenyl derivatives (3c and 3h) and the meta-substituted phenyl 
derivatives (3d and 3i) exhibited higher activity against selected microorganisms than the 
para-substituted derivatives (3e and 3j), which suggests that the ortho-substituted phenyl 
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and meta-substituted phenyl compounds can well penetrate the bacterial cells by suitable 
binding (Liu et al. 2008; Tanitame et al. 2004). It has been reported that the introduction 
of aromatic groups and halogen groups into the amide backbone can increase the 
antibacterial activity (Scott et al. 2007; Xu et al. 2010); however, in this work, the 
presence of halogen groups did not show a positive effect on the antibacterial activity of 
the compounds. The combination of the above facts reveals that the specific binding of 
the phenyl rings to the bacterial cells plays an important role in the amide’s antibacterial 
process. An electron-rich group is beneficial for such binding. For those halogen-
containing compounds, the electron density of the phenyl rings was lowered by the 
halogen’s electron-withdrawing effect. As a result, the binding process to specific sites of 
the bacterial cells for these compounds became difficult, and their antibacterial activity 
was thus decreased. Certainly, the structural elements are also important in the 
antibacterial activity of amide groups. Further investigation on the structure antibacterial 
activity relationship is needed. 
 
 
CONCLUSIONS 
 
1. APA was synthesized by a Diels-Alder addition reaction between rosin and acrylic 

acid. Fourteen amide derivatives from the APA were prepared in this work. The 
structures of the derivatives were determined and characterized by IR, 1HNMR, MS, 
and elemental analysis. This was the first time that such compounds have been 
reported based on synthesis from APA. This approach has the potential to give rise to  
added value development of this natural resource. 
 

2. The antibacterial activity of amide derivatives from APA against Staphylococcus 
aureus and Escherichia coli were investigated. The results indicated that compounds 
3a and 3f show much higher antibacterial activity than others against Escherichia 
coli. Structure-activity relationship analysis revealed that ortho-substituted phenyl 
derivatives and meta-substituted phenyl derivatives exhibited higher activity than the 
para-substituted derivatives. Meanwhile, the halogen-substituted compounds did not 
show visible antibacterial activity compared with other compounds, which may have 
been caused by the lower electron density of the halogen-substituted phenyl rings. 
 

3. The promising results obtained from these new derivatives justify their consideration 
as potential candidates. This work can be expected to promote the application of 
rosin in antimicrobial activity aspects. 

 
 
ACKNOWLEDGEMENTS 
 

The authors express sincere thanks to the International S&T Cooperation Program 
of China (2011DFA32440) for financial support.  
  

 



 

PEER-REVIEWED REVIEW ARTICLE                  bioresources.com 
 

 
Li et al. (2012). “Amide derivatives from APA,” BioResources 7(2), 1961-1971.  1970 

REFERENCES CITED 
 
Afroditi, S., Eleni, P., Constantina, N., Stella, K., Thomas, L., and Minas, A. (1996). 

“Antimicrobial and cytotoxic activities of origanum essential oils,” J. Agric. Food 
Chem. 44 (5), 1202-1205. 

Alt, G. H., Phillips, W. G., Pratt, J. K., and Srouji, G. H. (1991). “Substituted thiazoles 
and their use as fungicides,” US Patent, 5,045,554. 

Bauer, A. W., Perry, D. M., and Kirby, W. M. M.  (1959). “Single disc antibiotic 
sensitivity testing of Staphylococci,” A.M.A. Arch. Intern. Med. 104(2), 208-216. 

Bauer, A. W., Kirby, W. M. M., Sherris, J. C., and Turck, M. (1966). “Antibiotic 
susceptibility testing by a standardized single disk method,” Am. J. Clin. Pathol.  
45(4), 493-496. 

Cheng, Z. (1996). Tian Ran Shu Zhi Sheng Chan Gong Yi Xue. 2nd Ed., China Forestry 
Press, Beijing. 

Diels, O., and Alder, K. (1930). “Synthesen in der hydroaromatischen Reihe. XII. 
Mitteilung,” Justus Liebigs Annalen der Chemie 490(1), 243-257. 

Feng, L. X. (2007). “Study on PVB resin adhesive with modified rosin,” Chin. Wood-
based Panels 14(9), 35-37.  

Goodson, B., Ehrhardt, A., and Simon, N. (1999). “Characterization of novel 
antimicrobial peptoids,” Antimicrob. Agents Chemotherapy 43(6), 1429-1434. 

Hubbe, M. A. (2007). “Paper’s resistance to wetting - A review of internal sizing 
chemicals and their effects,” BioResources 2(1), 106-145. 

Jong, S. L., and Sung, H. J. (2002). “Synthesis of acrylic rosin derivatives and application 
as negative photoresist,” Eur. Polym. J. 38(2), 387-392. 

Li, J., Rao, X. P., Shang, S. B., and Gao, Y. Q. (2011a). “Synthesis and antibacterial 
activity of diacylthiourea derivatives containing acrylpimaryl group,” Chem. Ind. 
Forest Prod. 31(5), 1-5. 

Li, J., Rao, X. P., Shang, S. B., and Gao, Y. Q. (2011b). “Synthesis of dihydrazone 
derivatives from acrylpimaric acid,” Chin. J. Appl. Chem. 28(suppl.), 90-93. 

Liu, X. H., Zhi, L. P., Song, B. A., and Xu, H. L. (2008). “Synthesis, characterization and 
antibacterial activity of new 5-aryl pyrazole oxime ester derivatives,” Chem. Res. 
Chin. Universities 24(4), 454-458. 

Lu, D. Y., Huang, L., and Xie, H. (2007). “Development of rosin modified acrylate 
emulsion PSA for label,” Chin. Adhes. 16(1), 30-33. 

Noah, J. H., John, A. W., and Ray, V. L. (1961). “A preparation and some of the 
reactions of the Diels-Alder adducts of levopimaric acid and acrylonitrile,” J. Org. 
Chem. 26(8), 2641-2643. 

Noah, J. H., and Ray, V. L. (1972). “Preparation of acrylic modified rosin,” Ind. Eng. 
Chem. Prod. Res. Dev. 11(2), 200-202. 

Pommer, E. H., Girgensohn, B., Koning, K. H., Osieka, H., and Zeeh, B. (1974). 
“Development of new systemic fungicides with carboxamide structure,” Kemia-Kemi 
l(9), 617-618.     

Rao, X. P. (2007). “Synthesis, characterization and biological activities of pine rosin 
acids derivatives,” Ph. D. Thesis, China Academy of Forestry, Beijing. 



 

PEER-REVIEWED REVIEW ARTICLE                  bioresources.com 
 

 
Li et al. (2012). “Amide derivatives from APA,” BioResources 7(2), 1961-1971.  1971 

Rao, X. P., Song, Z. Q., Yao, X. J., Gao, H., and Ye, B. H. (2008). “The green 
approaches for the synthesis of N-dehydroabietic-aminophosphonates,” Nat. Prod. 
Res. 22(10), 890-895. 

Sabyasachi, S. R., Achintya, K. K., and Sukumar, M. J. (1990). “Polymers from 
renewable resources-13. Polymers from rosin acrylic acid adduct,” Eur. Polym. 26(4), 
471-474. 

Schmeling, B. V., and Kulka, M. (1966). “Systemic fungicidal activity of 1, 4-Oxathiin 
derivation” Science 152(3722), 659-660. 

Scott, L. C., Julie, P., Cristiano, Z., Harry, A., Sharon, E. S., Caroline, M. R. L., Jeremy, 
G. V., Kevin, R. L., Christopher, J. U., and Christopher, A. H. (2007) “Substituent 
effects on aromatic stacking interactions,” Org. Biomol. Chem. 5(7), 1062-1080. 

Soderberg, T. A., Gref, R., Holm, S., Theodor, E., and Hallmans, G. (1990). 
“Antibacterial activity of rosin and resin acids in Vitro,” Scand. J. Plast. Reconstr. 
Surg. Hand Surg. 24(3), 199-205. 

Soderberg, T. A., Holm, S., Gref, R., and Hallmans, G. (1991). “Antibacterial effects of 
zinc oxide, rosin, and resin acids with special reference to their interactions,” Scand. 
J. Plast. Reconstr. Surg. Hand Surg. 25(1), 19-24. 

Tanitame, A., Oyamada, Y., OfuJi, K., Fujimoto, M., Iwai, N., Hiyama, Y., Suzuki, K., 
Ito, H., Terauchi, H., Kawasaki, M., Nagai, K., Wachi, M., and Yamagishi, J. (2004). 
“Synthesis and antibacterial activity of novel and potent DNA gyrase inhibitors with 
azole ring,” Bioorg. Med. Chem. Let. 12(21), 5515-5524. 

Wang, H. X., Shang, S. B., and Li, J. F. (2009). “Synthesis of maleopimaric acid under 
microwave irradiation,” Chem. Reagent 31(3), 177-179. 

Wang, H. X., Shang, S. B., and Yin, Y. B. (2009). “16-Isopropyl-5, 9-dimethyltetracyclo-
[10.2. 2. 01,10.04,9]hexadec-15-ene-5, 14-dicarboxylic acid ethanol hemisolvate,” Acta 
Crystallogr.  E65, o1521. 

Xie, H. (1997). “Study on polyurethane paint synthesized by acrylic modified rosin,” Ph. 
D. Thesis, Nanjing Forestry University, Nanjing. 

Xu, K. P., Zhang, Y. Y., Luo, J., Chen, S. L. and Wang, Y. L. (2010). “Study on the 
structure-activity relations of pleuromutilin derivatives with an aromatic amide and a 
thioether group in the C14 side chain,” J. Chem. Res. 34(6), 354-357. 

Yabutani, K., Ikeda, K., and Hatta, S. (1978). “Fungicidal benzoylanilide derivatives,” 
DE Patent, 2 731 522. 

Zhong, H. T., Xie, H., and Zhou, Y. H. (2003). “Synthesis and properties of rosin-based 
polyoxyethylene odium sulfosuccinate monoester,” J. Nanjing University of Technol. 
(Natural Science Edition) 25(1), 46-50. 

 
Article submitted: July 6, 2011; Peer review completed: February 12, 2012; Revised 
version received and accepted: March 4, 2012; Published: March 12, 2012. 


