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Abstract- a series of novel imidazole derivatives with indole moiety was designed by using camalexin as a molecular scaffold. 
Seven compounds with different length of the carboxylic acid ethyl esters chain structure were prepared. The anti-microbial 
activity of synthesized compounds against E. coli and S. aureus were determined by using agar cup plate assayand the minimal 
inhibition concentration (MIC) of all the test compounds were determined in a liquid culture method. We found that 
compounds synthesized in the present work did not exhibit anti-microbial activity against E. coli. However, all the synthesized 
compounds displayed anti-microbial activity against S. aureus. The diameter of inhibition circle of the compound 3b (1 
mg/disk) was found approximately 15±1.5 mm while ampicillin (10 g/disk) was found approximately 34±0.6 mm. 
compounds 3c, 3d and 3e displayed does-dependent effect on anti-microbial activity against S. aureus. Among the synthesized 
compounds, compound 3g displayed the most potent anti-microbial activity against S. aureus with a MIC value approximately 
8 g/ml. Our results clearly indicated that the length of the carboxylic acid ethyl ester chain greatly influence the anti-microbial 
activity of this synthetic series against S. aureus. 
 
Index Terms- barassinosteriod, brassinosteroid biosynthesis inhibitors, Yucaizol, plant hormone. 
 
I. INTRODUCTION 
 
Indole is a parent substance of many natural and 
syntheticmolecules with significant biological activity. 
Many biologically active compounds such as 
indomethacin, dazmegrel and strychnine are indole 
derivatives. Tryptophan 
(2-amino-3-(3’-indolyl)propionic acid) is one of the 
naturally occurringessential amino acids which 
derived large number and structural variety of 
secondary metabolites in plants[1].Heteroauxin 
(indole-3-acetic acid), aplant hormone, is thought to 
be degradedfrom tryptophan in plants. Camalexin, an 
important phytoalexin found in Arabidopsis, is 
biosynthesized from tryptophan [2]. 
On the other hand, Imidazole and triazole derivatives 
are important compounds with wide variety of 
biological active[3].They are well known P450 
enzyme inhibitors due to the high affinity of the 
electron pair of nitrogen atom in azole moiety which 
bind to the ferrous haem ion in P450 enzyme thereby 
inhibit the function of P450 [4]. We have previously 
reported a serious of imidalzole derivatives that 
targeting CYP74A in jasmonic acid biosynthesis [5,6]. 
Hence, many azole type fungicidesand antibacterial 
agents have been developed and commercially 
available. 

 
 

 
Fig. 1. Design of new imidazole derivatives based on 
camalexin scaffold. The chemical structure of 
camalexin was shown on the left and the structure of 
the target compounds were shown on the right. 
 
The aim of this work is to develop a new class of 
antibacterial agent by introduce indole and imidazole 
moiety to the target compounds. To design the 
structure of the new compounds, Camalexin which is a 
naturally occurring phytoarexin was selected as a 
molecular scaffold. Based onstructure of camalexin, 
we have reported the synthesis of a new series of 
imidazole derivatives that displayed significant 
antifungal activity against rice blast pathogenic fungi 
of Magnaporthe oryzae [7]. To explore new and 
potent antibacterial agent, we report herein the design 
and synthesis a new series of imidazole derivatives by 
introducing an imidazole moiety at position 3 and 
introducing a carboxylic acid ethyl ester moiety at 
position 1 of indole skeleton (Fig. 1). 
 
II. MATERIALS AND METHODS 
 
2.1 General 
Stock solutions of all the test compound 
weredissolved in DMSO and/or acetone at a 
concentration of 100 mMand stocked at −30°C. Other 
reagents were ofthe highest grade and purchased from 
WakoPure Chemical Industries, Ltd. (Tokyo, 
Japan).1H-NMR spectra were recorded with a 
JEOLECP-400 spectrometer (Tokyo, Japan), 
chemicalshifts being expressed in ppm down TMS as 
an internal standard. High resolutionelectrospray 
ionization Fourier transform ioncyclotron resonance 
mass spectra (ESIwere recorded on an Exactive MS 
System(Thermo Fisher Scientific, Waltham, MA, 
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USA). 
2.2 Chemical Synthesis 
Preparation of 3-(1H-imidazol)-1-Indole (2) was 
carried out by a method aspreviously described [7]. A 
solution of 1Hindole-3-methanol (1a; 294 mg, 2 mmol) 
and CDI(420 mg, 2.6 mmol, 1.3 equiv) in anhyd 
M e C N  ( 5 m l )  w a s  s t i r r i n g  
at room temperature for 5 h (the reactions 
weremonitored by TLC and terminated after 
completeconsumption of the hydroxyl compound) 

thereaction mixture was diluted with cold water (20ml) 
and theresulting precipitate wascollected, washed with 
water and dried under vacuum at 40-50oC. 
Recrystallization were carried out byusing anhydride 
MeCN to give pure 3-(1H-imidazo- 
1-ylmethyl)-1H-Indole (2) (Yield 92%), 
1HNMR(CDCl3), δ: 5.31 (2H, s), 6.96 (1H, s), 
7.05(1H, s), 7.13 (1H, t, J=7.1), 7.18 (1H, d, 
J=2.3),7.23(1H, d, J=8.2), 7.43 (2H,J2=12.0), 
7.59(1H, s), 8.23(1H, s).

 

 
 
Preparation 
of2-(3-Imidazol-1-ylmethyl-indol-1-yl)-acetic acid 
ethyl ester (3a) was carried out by stirring 40 mg of 
NaH (approximately 60% pure, 1 mmol) in a 
suspension of anhydride DMF (2 ml) in a 50 ml flask 
on ice. A solution of 3-(1H-imidazol-1-Indole in 
anhydride DMF (containing 197 mg, 1 mmol) was 
added dropwise and stirred for 30 min at room 
temperature. Then, 2- bromoacetic acid ethyl ester 
(167 mg, 1 mol) was added dropwise and stirred for 5 
hour at room temperature. The reaction was quenched 
by added H2O. The DMF was removed by extraction 
of target compound with three times of chloroform (20 
ml). The organic layer was combined and dried with 
anhydride Na2SO4. The solvent was removed by 
concentration under reduced pressure gave 67 mg of 
3a.Yield: 21.8 % 1H NMR (400 MHz, CDCl3) : 
1.27-1.31 (m, 3H), 4.24 (q, J1=7.10 Hz, J2=7.10 Hz, 
2H), 4.89 (s, 2H), 5.56 (s, 2H), 7.17 (s, 1H), 7.26-7.27 
(m, 2H), 7.32 (m, 3H), 7.41 (d, J=8.24 Hz, 2H). The 
HRMS-ESI calculated for C12H18N3 [M+H]+ was 
284.1399, and 284.1394 was the experimental value. 
Other compounds were prepared in a similar way gave 
yieldfrom 48% to 62%. 

 
4-(3-Imidazol-1-ylmethyl-indol-1-yl)-butyric acid 
ethyl ester (3b). Yield: 4.03 %1H NMR (400 MHz, 
CDCl3) : 1.21-1.25 (m, 3H), 2.13-2.19 (m, 2H), 2.29 
(t, J=6.18 Hz, 2H), 4.08-4.13 (m, 2H), 4.18-4.21 (m, 
2H), 5.31-5.35 (m, 2H), 7.00 (s, 1H), 7.09-7.14 
(m,3H), 7.24-7.26 (m, 1H), 7.40 (q, J1=8.01,  

J2=15.0 Hz, 2H), 7.78 (d, J=10.1 Hz, 1H). The 
HRMS-ESI calculated for C12H22N3 [M+H]+ was 
312.1712, and 312.1707 was the experimental value. 
 
5-(3-Imidazol-1-ylmethyl-indol-1-yl)-pentanoic 
acid ethyl ester (3c)Yield: 74.0 %1H NMR (400 MHz, 
CDCl3) : 1.21-1.25 (m, 3H), 1.57-1.68 (m, 2H), 
1.84-1.91 (m,  2H), 2.30-2.33 (t, J=7.33 Hz, 2H), 
4.08-4.14 (m, 4H), 5.30 (s, 2H),  

 
6.97 (t, J=1.14, 1H), 7.06-7.13 (m, 3H), 7.23-7.27 (m, 
1H), 7.34 (dd, J=0.92, 7.33 Hz, 1H), 7.42 (dd, J=0.69, 
7.33 Hz, 1H),7.70 (d, J=6.87 Hz, 1H). The HRMS-ESI 
calculated forC12H24N3 [M+H]+ was 326.1869, and 
326.1863 was theexperimental value. 
 
6-(3-Imidazol-1-ylmethyl-indol-1-yl)-hexanoic acid 
ethyl ester (3d). Yield: 66.8 %1H NMR (400 MHz, 
CDCl3) : 1.20-1.24 (m, 3H), 1.30-1.37 (m, 2H), 
1.61-1.69 (m, 2H), 1.80-1.88 (m, 2H), 2.27 (t, J=7.33 
Hz, 2H), 4.07-4.13 (m, 4H), 5.27 (s, 2H), 6.95 (d, 
J=1.37, 1H), 7.03 (d, J=0.69, 1H), 7.06 (s, 1H), 7.10 (t, 
J=7.10 Hz, 1H), 7.21-7.27 (m, 1H), 7.33 (d, J=8.24 
Hz, 1H), 7.42 (d, J=7.79 Hz, 1H), 7.59 (s, 1H). The 
HRMS-ESI calculated for C12H26N3 [M+H]+ was 
340.2025, and 340.2020 was the experimental value. 
 
7-(3-Imidazol-1-ylmethyl-indol-1-yl)-heptanoic 
acid ethyl ester (3e). Yield: 85.6 %1H NMR (400 
MHz, CDCl3) : 1.22-1.26 (m, 3H), 1.33-1.34 (m, 
4H), 1.57-1.62 (m, 2H), 1.76-1.87 (m, 2H), 2.25-2.29 
(m, 2H), 4.08-4.14 (m, 4H), 5.31 (d, 2H), 6.97-6.98 
(m, 1H), 7.06-7.13 (m, 3H), 7.22-7.27 (m, 1H), 7.34 
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(d, J=8.24 Hz, 1H), 7.42 (d, J=8.01 Hz, 1H), 7.71 (d, 
J=12.59 Hz, 1H). The HRMS-ESI calculated for 
C12H28N3 [M+H]+ was 354.2182, and 354.2176 was 
the experimental value. 
 
10-(3-Imidazol-1-ylmethyl-indol-1-yl)-decanoic 
acid ethyl ester (3f). Yield: 30.1 %1H NMR (400 
MHz, CDCl3) : 1.25-1.30 (m, 13H), 1.60 (t, J=6.18 
Hz, 2H), 1.82 (t, J=5.61 Hz, 2H), 2.25-2.29 (m, 2H), 
4.07-4.15 (m, 4H), 5.30 (s, 2H), 6.98 (s, 1H), 
7.08-7.13 (m, 3H), 7.22-7.26 (m, 1H), 7.35 (d, J=8.24 
Hz, 1H), 7.39-7.43 (m, 1H), 7.74 (s, 1H). The 
HRMS-ESI calculated for C12H34N3 [M+H]+ was 
396.2651, and 396.2646 was the experimental value. 
 
11-(3-Imidazol-1-ylmethyl-indol-1-yl)-undecanoic 
acid ethyl ester (3g). Yield: 63.8 %1H NMR (400 
MHz, CDCl3) : 1.23-1.30 (m, 15H), 1.60 (t, J=6.18 
Hz, 2H), 1.82 (t, J=6.07 Hz, 2H), 2.26-2.30 (m, 2H), 
4.08-4.15 (m, 4H), 5.33 (s, 2H), 6.99 (s, 1H), 
7.09-7.13 (m, 3H), 7.23-7.27 (m, 1H), 7.36 (d, J=8.24 
Hz, 1H), 7.42 (d, J=7.90 Hz, 1H), 7.80 (s, 1H). The 
HRMS-ESI calculated for C12H36N3 [M+H]+ was 
410.2808, and 410.2802 was the experimental value. 
 
2.3 Anti-microbial activity assay 
All the newly synthesized compounds were screened 
for their antimicrobial activity by cupplate method at 1 
mg/disk 
in acetone against the Bacterial strains of E. coli and 
Staphylococcus aureusby using a method as 
previously described [8]. The MIC was determined 
based on a method as previously described 
[9].Ampicillin was used as a positive control in all the 
experiments. 
 
III. RESULTS AND DISCUSSION 
 
3.1 Chemistry 
Method for synthesis the target compounds is shownin 
Scheme 1 in a condition as previously reported[7]. 
3-Indolemethanol (1) was used as starting 
materials.Compound 2 was prepared by 
reactingcompound 1 with 1.3 equivalent of 1, 
1'carbonylbis-1H-imidazole in anhydrideacetonitrile 
at room temperature for 5hours. The reaction was 
monitored by using TLC until the starting material 1 is 
disappeared.Compound 2 was purified by 
recrystallization of crude compound 2. The target 
compounds 3a-3g were prepared by using NaH in 
DMF following adding -bromocarboxlic acid 
ethylester based on a method as previously reported 
[5].  
 
3.2 Biology 
To determine the anti-microbial activity of the 
synthesized compounds against Escherichia coli 
ATCC25922 and Staphylococcus aureus ATCC25923, 
disk diffusion method was used [8]. Using E. coli, all 
the test compounds did not show anti-microbial 

activity (Table 1), while the diameter of the inhibition 
circle of ampicillin disk (AM10, Becton, Dickinson 
and Company) against E. coli was found 
approximately 16±0 (mm). In contrast, we found all 
the test compounds displayed different degrees of 
anti-microbial activity against S. aureus. The diameter 
of the inhibition circle of 3a (1 mg/disk) was found 
approximately 10±1.0 mm (Table 1), and diameter of 
the inhibition circle of 3b to 3g (1 mg/disk) were 
found approximately from 12±0.3 mm to 15±1.5 mm. 
Among all the test compound 3c exhibits the  

 
Table1. Anti-microbial activity of synthesized 

compounds 

 

 
*n is the number of carbon in carboxylic acid 
All the experiments were taken three 
timesindependently to establish the repeatability. 
 

 
Fig. 2 Does-dependent effect of 3c, 3d and 3e on anti-microbial 

activity against S. aureus. 
 
Filed cycle: 3c; empty cycle: 3e and filed triangle: 3d 
were applied in 10, 100 and 1000 g/disk. The 
diameter of the inhibition circle against S. aureus were 
measured. All the experiments were taken three times 
independently to establish the repeatability. 
most potent inhibitory activity against the growth of S. 
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aureus with a diameter inhibition circle of 15±1.5 mm 
(Table 1). The ampicillin disk was found 
approximately 34±0.6 mm in our assay system. Our 
results clearly indicate that all the compounds display 
anti-microbial activity against S. aureus. 
Next, we determined the dose-dependent effect of 
compound 3c-3e on anti-microbial activity against S. 
aureus. As shown in Fig. 2, the diameter of the 
inhibition circle of 3c-3e were increased in 
coincidence with the amount of the  
 
Table 2. MIC of compounds against E. coli and S. 

aureus 

 

 
*n is the number of carbon in carboxylic acid 
 
All the experiments were taken three times 
independently to establish the repeatability. 
compound applied in disk. Data obtained from present 
work did not show significant difference among ethyl 
ester chain structure (3c to 3e) in this synthetic series. 
Because some of the test compounds are poorly water 
soluble, we thus next test the minimal inhibition 
concentration (MIC) of all the test compounds in a 
liquid culture method based as previously reported 
except by using Soybean Casein Digest broth (Nissui) 
instead of Mueller-Hinton broth [9]. The MIC values 
of all the compounds against E. coli and S. aureus 
were determined. As shown in Table 2, the MIC 
values of all the test compounds toE. coliwas found 
larger than 128 g/ml. This result is in coincidence 
with the results obtained from cup plate method (Table 
1). On the other hand, the test compounds displayed 
different degrees of MIC value against S. aureus. We 
found that compound3a to 3d exhibited lower 
anti-microbial activity against S. aureuswith MIC 
values larger than 1280 mg/ml. However, the MIC 

value of compound 3e, 3f and 3g were found 
approximately 64, 16 and 8 g/ml in our assay 
system.This result clearly indicated that the length of 
the carboxylic acid ester chain greatly influence the 
anti-microbial potency of this synthetic series. 
Compound 3g display the most potent anti-microbial 
activity against S. aureus 
In the present work, we synthesized a new series of 
imidazole derivatives with an indole moiety. We 
found that all the synthesized compounds exhibit 
anti-bacterial activity against Staphylococcus aureus 
in the Agar cup-plate assay method. Also, we 
determined the MIC of all the test compounds against 
S. aureus and E. coli. Data obtained in this work 
indicated the carboxylic acid ester chain play a 
significant role in promoting the anti-microbial 
activity of this synthetic series. We expect further 
chemical modification of this new imidazole 
derivatives may lead to find new anti-bacterial agent. 
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