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ABSTRACT 
 
Aims: Rice blast disease (RBD), which is caused by the pathogenic fungi of Magnaporthe oryzae is 
the most devastating diseases of cultivated rice (Oryza sativa L) Although many strategies have 
been applied to control the RBD, chemical anti-fungal agents are the most effective solutions to 
minimize the severity of RBD. The aim of this study is to explore new anti-fungal agents for RBD 
control.  
Study Design:  Natural products are important source of biological active compounds. We used 
camalexin (3-thiazol-2’-yl-indole), which is a well known phytoalexin of Arabidopsis thaliana. In the 
present work, we designed new imidazoles based on camalexin as a molecular scaffold and the 
anti-fungal activity of the synthesized compounds against Magnaporthe oryzae were determined. 
Place and Duration of Study: All the experiments were conducted from October 2014 to March 
2015 at Akita Prefectural University, Japan. 
Methodology: A series of new imidazole derivatives was designed and synthesized based on the 
camalexin as a molecular scaffold. The antifungal activity of the synthesized compounds against 
Magnaporthe oryzae was determined by using in vitro mycelial growth inhibition tests. 

Original Research Article 



 
 
 
 

Keimei Oh et al.; BJAST, 9(6): 527-533, 2015; Article no.BJAST.2015.291 
 
 

 
528 

 

Results: Among 3 newly synthesized camalexin based imidazole compounds, we found that 3-[3-
(1H-imidazol-1-yl)propyl]-1H-Indole (2c) exhibits potent inhibitory activity with an IC50 value 

approximately 7.8±1.2 M. 
Conclusion: We discovered a new lead compound with potent activity for rice blast control. 

 
 
Keywords: Camalexin; antifungal agent; imidazole derivatives; rice blast. 
 

1. INTRODUCTION  
 

Biotic and abiotic stresses are major external 
stimuli which greatly affect the growth of plants. 
Unfavorable temperature, drought, chemical 
pollutions are major abiotic stresses. Among the 
biotic stresses, pathogen infection is one of the 
most severe stresses. Rice blast diseases (RBD) 
caused by pathogenic fungi of Magnaporthe 
oryzae is a leading constraint in world’s rice 
production [1-3]. The high incidence of plant 
mortality and the lack of effective control 
methods make it responsible for billions of dollars 
losses worldwide each year.  
 

To control the RBD, tremendous efforts have 
been made and various management strategies 
have been applied [4], including controlled use of 
nitrogen fertilizers, application of silica and 
flooding of paddy fields [4]. Currently, chemical 
fungicide is the most common solution effectively 
to minimize the severity of RBD. Many systemic 
fungicides with different mode of actions have 
been used for RBD control. Anti-fungal 
compounds [5], melanin inhibitors [6], ergo sterol 
biosynthesis inhibitor (EBI) and other organic 
compounds have been widely used [7]. With the 
increasing use of chemical fungicides, the 
appearance of pathogens that resistant to 
existing fungicides raised new challenges for 
diseases control in agricultural industry. Hence, 
development new anti-microbial agent for RBD 
control is of significant importance in modern 
agricultural industry. 
 

Different from vertebrate, the cell order and 
integrity of fungal membrane are significantly 
important in fungi. Hence, chemicals that directly 
or indirectly target fungal membranes functions 
or their components synthesis are quite effective 
to cause the lethality of the fungi thereby 
controlling the fungal disease. Some of these 
anti-fungal compounds affect the synthesis of 
specific membrane components (e.g., sterol 
biosynthesis inhibitors) are among the most 
effective fungicides. 
 
To meet the demands for plant diseases control, 
variety strategies have been applied for 
fungicides development. Natural products are 

useful sources of novel chemical structures for 
development of new fungicides [8-11]. Until now, 
major advances in modern medicine and the 
pharmaceutical industry were driven by natural 
products or their derivatives [12]. Many experts 
believe that using natural products as leads is a 
feasible way to find the core structure of 
biological active compounds in drug discovery 
[13].  
 
Based on these facts, using the core structure of 
natural products which display anti-microbial 
activity is a straightforward approach to explore 
new agents for RBD control. Phytoalexins are 
heterogeneous low molecular mass secondary 
metabolites with antimicrobial activity at the 
infection site [14,15].  
 
The biosynthesis of phytoalexins is commonly 
regulated by a complex mechanism of plant 
defense signal transduction networks. The plant 
hormones, jasmonic acid, salicylic acid and 
ethylene, are important signal mediators that 
involve in plant defense response and 
phytoalexins synthesis [16]. These plant 
hormones activate the expression of defense 
genes, causing rapidly accumulation of 
phytoalexins at the areas of pathogen infection 
[17]. Indeed, the structural diversity of 
phytoalexins are in different plant species and 
most of the phytoalexins are belong to terpenoids 
[18], glycosteroids and alkaloids [19]. 
 
One of the well-known phytoalexin is camalexin 
(3-thiazol-2’-yl-indole, the structure is shown in 
Fig. 1), a primary phytoalexin of Arabidopsis 
thaliana [20], is induced by a great variety of 
plant pathogens. The biosynthesis and the 
regulation of the biosynthesis of camalexin have 
been studied extensively [21,22]. It has been 
demonstrated that camalexin is biosynthesized 
from tryptophan [23] and its biosynthesis involves 
the cytochrome P450 enzymes CYP79B2 [24] 
and CYP71B15 (PAD3) [25]. Accumulation of 
camalexin upon pathogen infection, as well as its 
anti-microbial nature supports the role in disease 
resistance [26]. 



                                     n=1,2,3
Camalexin                        Target compounds

 
Fig. 1. Design of new imidazole derivatives 

based on camalexin scaffold
 
To explore new agents for RBD control, we 
report the synthesis of new compounds based o
the camalexin scaffold. We design the target 
compound with an indole skeleton. On the other 
hand, the thiazol moiety was replaced by an 
imidazole group with a spacer structure as 
shown in Fig. 1. The biological activity of 
synthesized compounds against 
oryzae was evaluated by using in vitro mycelial 
growth inhibition tests. 
 

2. METERIALS AND METHODS
 
2.1 General  
 
Stock solutions of all the test compound were 
dissolved in DMSO at a concentration of 100 mM
and stocked at −30°C. Other reagents were of 
the highest grade and purchased from Wako 
Pure Chemical Industries, Ltd. (Tokyo, Japan). 
1H-NMR spectra were recorded with a JEOL 
ECP-400 spectrometer (Tokyo, Japan), chemical 
shifts being expressed in ppm down
TMS as an internal standard. High resolution 
electrospray ionization Fourier transform ion 
cyclotron resonance mass spectra (ESI
were recorded on an Exactive MS System 
(Thermo Fisher Scientific, Waltham, MA, USA).
 

2.2 Chemical Synthesis 
 
Preparation of 3-(1H-imidazol-1-
Indole (2a) was carried out by a method as 
previously described [11]. A solution of 1H
indole-3-methanol (1a; 294 mg, 2 mmol) and CDI 
(420 mg, 2.6 mmol, 1.3 equiv) in anhyd MeCN (5 
ml) was refuxed for 5 h (the reactions were 
monitored by TLC and terminated after complete 
consumption of the hydroxyl compound) the 
reaction mixture was diluted with cold water (20 
ml) and the resulting precipitate was collected, 
washed with water and dried under vacuum at 
40-50ºC. Recristalization were carried out by 
using anhyd MeCN to give pure 3-
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the highest grade and purchased from Wako 
Pure Chemical Industries, Ltd. (Tokyo, Japan). 

NMR spectra were recorded with a JEOL 
400 spectrometer (Tokyo, Japan), chemical 

shifts being expressed in ppm downfield from 
TMS as an internal standard. High resolution 
electrospray ionization Fourier transform ion 
cyclotron resonance mass spectra (ESI-FTICR) 
were recorded on an Exactive MS System 
(Thermo Fisher Scientific, Waltham, MA, USA). 

-ylmethyl)-1H-
Indole (2a) was carried out by a method as 
previously described [11]. A solution of 1H-

methanol (1a; 294 mg, 2 mmol) and CDI 
(420 mg, 2.6 mmol, 1.3 equiv) in anhyd MeCN (5 
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monitored by TLC and terminated after complete 
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ml) and the resulting precipitate was collected, 
washed with water and dried under vacuum at 

C. Recristalization were carried out by 
-(1H-imidazol-

1-ylmethyl)-1H-Indole (2a) (Yield 92%), 1H 
NMR(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). 
 

1                                               
 

n=1: 1a                                          
n=2: 1b                                          
n=3: 1c                                          

 

Scheme 1. Synthesis of target compounds: 
reagents and conditions: (a), CDI; CH3CN 

(anhydride), reflux, 5 hour

 
Compound 2b and 2c were prepared in a similar 
way by using different alcohols as a starting 
material as shown below. 
 
3-[2-(1H-imidazol-1-yl)ethyl]-1H-Indole (2b). 
(Yield 90%), 1H NMR (CDCl3), δ: 3.28 (2H, t, 
J=7.1), 4.68 (2H, t, J=7.1), 7.06(1H, t, J=1.3), 
7.10 (1H, d, J=2.3), 7.16 (1H, d, J=0.92), 7.18
7.25 (1H, m), 7.39-7.41 (2H, m), 7.64 (1H, 
J=8.0), 8.11 (2H, d, J=6.4). 2c were prepared in 
a similar way by using corresponding indole 
derivatives. 
 

3-[3-(1H-imidazol-1-yl)propyl]-1H-Indole (2c). 
(Yield 94%), 1H NMR (CDCl3), δ: 2.20
m), 2.94 (2H, t, J=7.5), 4.48 (2H, t, J=6.5), 7.03 
(1H, d, J=2.3), 7.07 (1H, q, J1=0.92, J2=1.6), 
7.13 (1H, t, J=0.92), 7.15-7.23 (1H, m), 7.38
(2H, m), 7.60 (1H, d, J=8.2), 8.05 (2H, d, 
J=23.8).  
 
2.3 Magnaporthe-oryzae Strain
 
Pathogenic fungi of Rice blast (
oryzae) isolate designated APU00
007.0) was obtained by mono-spore isolation 
from diseased rice panicle on the paddy field of 
Akita Prefecture Japan in 2000. This isolate was 
kept on potato dextrose agar at 15ºC.
 
2.4 Antifungal Activity Assay 
 
Poisoned food technique was 
investigate antifungal effect of test compounds 
against Magnaporthe oryzae. The Mycelial 
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reagents and conditions: (a), CDI; CH3CN 

(anhydride), reflux, 5 hour 

Compound 2b and 2c were prepared in a similar 
way by using different alcohols as a starting 

Indole (2b). 
(Yield 90%), 1H NMR (CDCl3), δ: 3.28 (2H, t, 
J=7.1), 4.68 (2H, t, J=7.1), 7.06(1H, t, J=1.3), 
7.10 (1H, d, J=2.3), 7.16 (1H, d, J=0.92), 7.18-

7.41 (2H, m), 7.64 (1H, d, 
J=8.0), 8.11 (2H, d, J=6.4). 2c were prepared in 
a similar way by using corresponding indole 

Indole (2c). 
(Yield 94%), 1H NMR (CDCl3), δ: 2.20-2.27 (2H, 
m), 2.94 (2H, t, J=7.5), 4.48 (2H, t, J=6.5), 7.03 
(1H, d, J=2.3), 7.07 (1H, q, J1=0.92, J2=1.6), 

7.23 (1H, m), 7.38-7.39 
(2H, m), 7.60 (1H, d, J=8.2), 8.05 (2H, d, 

Strain 

Pathogenic fungi of Rice blast (Magnaporthe 
APU00-093A (race 

spore isolation 
from diseased rice panicle on the paddy field of 
Akita Prefecture Japan in 2000. This isolate was 
kept on potato dextrose agar at 15ºC. 

 

 performed to 
investigate antifungal effect of test compounds 

. The Mycelial 



growth inhibition tests were carried out. Each test 
compound dissolved and diluted in DMSO was 
added to potato sucrose agar (PSA) medium 
(kept at 50ºC after autoclaving) to the 
appropriate concentration. The final 
concentration of DMSO of each medium was 
0.1%. Three mycelial pellet (1mm in diameter) of 
Magnaporthe oryzae pre-cultured on potato 
dextrose agar (PDA) medium were placed on the 
PSA medium containing the given concentrations 
of the test compound. The diameter of the 
mycelial mat of Magnaporthe oryzae
measured when the diameter of each 
corresponding untreated control reached about 
20-30 mm. Concentration for 50% inhibition (IC
M) of mycelial growth was calculated by the 
linear regression formula obtained from the 
logarithm of concentration and the inhibition rate 
at each concentration against untreated control. 
All experiments were carried out in triplicate and 
the report data represents average values.

 

3. RESULTS AND DISCUSSION
 

3.1 Chemistry 
 

Method for synthesis target compounds is shown 
in Scheme 1 in a condition as previously reported 
[27]. 3-Indolemethanol (1a) and its derivatives 
(2b,2c) were used as starting materials. 
Compound 2a was prepared by reacting 
compound 1a with 1.3 equivalent of 1, 1'
carbonylbis-1H-imidazole in anhydride 
acetonitrile under a condition of reflux for 5 
hours. The reaction was monitored by using TLC 
until the starting material 1a is disappeared. 
 

Table 1. Antifungal activity of test compounds

 
 
 

 
 

 
 

Compound No. 

2a 

2b 

2c 

Propiconazole  
*The concentration of all the test compounds and positive control Propiconazole were 100 
was determined by measure the mycelial diameter of none chemical treated line as 100%. All the experiment 

were done three times
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SSION 

Method for synthesis target compounds is shown 
in Scheme 1 in a condition as previously reported 

Indolemethanol (1a) and its derivatives 
2c) were used as starting materials. 

Compound 2a was prepared by reacting 
compound 1a with 1.3 equivalent of 1, 1'-

imidazole in anhydride 
acetonitrile under a condition of reflux for 5 
hours. The reaction was monitored by using TLC 

starting material 1a is disappeared. 

Compound 2b and 2c were prepared in a similar 
way by using 1b and 1c as starting materials.
 

3.2 Biology 
 

The chemical structures of the test compounds 
were listed in Table 1. The concentration of all 
the test compounds were adjusted to a final 
concentration of 100 M in potato sucrose agar 
(PSA) medium while propiconazole was used as 
a positive control. The key structure were the 
indole moiety and an imidazole 
synthetic series. Thus, we introduced three kinds 
of chain structure with different carbon atoms. As 
shown in Table 1, introducing single carbon atom 
(2a) exhibited antifungal activity with a fungal 
growth rate at approximately 48.2±4.2%. W
two carbon atoms were introduced (2b), we 
found that the antifungal activity was significantly 
decreased. The fungal growth rate was found 
approximately 85.6±8.2% compared to none 
chemical treated control. Interestingly, when 
three carbon atoms chain was introduced (
we found that the antifungal activity was 
enhanced greatly. The fungal growth rate was 
found approximately 18.2±1.6%.  
 

Next, we used compound 2c to determine the 
dose-dependent effect of antifungal activity 
against Magnaporthe oryzae of this synthetic 
series. As shown in Fig. 2, compound 
Magnaporthe oryzae growth in a dose dependent 
manner. The IC50 was found approximately 
7.8±1.2 M. while the IC50 of the positive control 
of propiconazole was found approximately 
3.7±0.2 M in our assay system. 

Table 1. Antifungal activity of test compounds 
 

n Fungal growth (%)*

1 48.2±4.2 

2 85.6±8.2 

3 18.2±1.6 

 3.3±2.8 
*The concentration of all the test compounds and positive control Propiconazole were 100 M. Fungal growth 
was determined by measure the mycelial diameter of none chemical treated line as 100%. All the experiment 

were done three times to establish the repeatability 
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Fig. 2. Antifungal activity of compound 2c against Magnaporthe oryzae. (A) Does dependent 
effect of 2c on growth of Magnaporthe oryzae, filled cycle: compound 2c; filled diamond: 

propiconazole. (B) Effect of compound 2c on growth of Magnaporthe oryzae, upper left: 10 M 
propiconazole, upper right: control; lower left. 1 mM 2c, lower second from left: 100M 2c, 
lower second from right, 10 M 2c, lower right, 1 M. All the experiments were taken three 

times to establish the repeatability. 
 

4. CONCLUSION 

 

In the present work, we synthesized a series of 
new imidazole derivatives based on the 
camalexin (3-thiazol-2’-yl-indole) scaffold. 
Camalexin is a primary phytoalexin of 
Arabidopsis thaliana that display antifungal 
activity against many kinds of pathogenic fungi. 
Evaluation the antifungal activity of newly 
synthesized imidazole derivatives against 
Magnaporthe oryzae indicated that the carbon 

number of the chain structure between indole 
and imidazole moiety significantly influence the 
antifungal activity. Among the synthesized 
compounds, compound 2c exhibits potent 
antifungal activity with an IC50 value 
approximately 7.8±1.2 M. The antifungal 
potency was found approximately half of that of 
propiconazole. We expect further structure-
activity relationship studies may provide in slight 
information about the structural requirements of 
this synthetic series on antifungal activity against 
rice blast pathogen Magnaporthe oryzae. 

B 



 
 
 
 

Keimei Oh et al.; BJAST, 9(6): 527-533, 2015; Article no.BJAST.2015.291 
 
 

 
532 

 

ACKNOWLEDGEMENTS 
 
We thank professor S. Fuji of Akita prefectural 
University for his gift of Magnaporthe oryzae 
strain. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1 Talbot, NJ. On the trail of a cereal killer: 

Exploring the biology of Magnaporthe 
grisea. Annu. Rev. Microbiol. 2003;57;177-
202. 

2 Clergeot PH, Gourgues M, Cots J, Laurans 
F, Latorse MP, Pepin R, Tharreau D, 
Notteghem JL, Lebrun MH. PLS1, a gene 
encoding a tetraspanin-like protein, is 
required for penetration of rice leaf by the 
fungal pathogen Magnaporthe grisea. 
Proc. Natl. Acad. Sci. USA. 2001;98:6963-
6968.  

3 Bechinger C, Giebel KF, Schnell M, 
Leiderer P, Deising HB, Bastmeyer M. 
Optical measurements of invasive forces 
exerted by appressoria of a plant 
pathogenic fungus. Science. 1999;285: 
1896-1899. 

4 Pageau K, Reisdorf-Cren M, Morot-Gaudry 
JF, Masclaux-Daubresse C. The nutrient 
supply of pathogenic fungi, a fertile field for 
study. Mol. Plant Pathol. 2003;4:203-210.  

5 Davidse LC, Benzimidazole fungicides: 
Mechanism of action and biological impact. 
Annu. Rev. Phytopathol. 1986;24: 43-65. 

6 Knight SC, Anthony VM, Brady AM, 
Greenland AJ, Heaney SP, Murray DC, 
Powell KA, Schulz MA, Spinks CA, 
Worthington PA, Youle D. Rationale and 
perspectives on the development of 
fungicides. Annu. Rev. Phytopathol. 
1997;35:349-372. 

7 Baldwin BC, Rathmell WG. Evolution of 
concepts for chemical control of plant 
disease. Annu. Rev. Phytopathol. 
1988;26:265-283. 

8 Shu YZ. Recent natural products based 
drug development: A pharmaceutical 
industry perspective. J Nat Prod. 
1998;61(8):1053-1071. 

9 Dias DA, Urban S, Roessner U. A 
historical overview of natural products in 
drug discovery. Metabolites. 2012;2:303-
336. 

10 Lahlou M. The success of natural products 
in drug discovery. Pharmacology & 
Pharmacy.  2013;4:17-31. 

11 Ji HF, Xue-Juan Li XU, Zhang HZ. Natural 
products and drug discovery. Can 
thousands of years of ancient medical 
knowledge lead us to new and powerful 
drug combinations in the fight against 
cancer and dementia? EMBO Rep. 
2009;10(3):194–200.  

12 Kingston DGI. Modern natural products 
drug discovery and its relevance to 
biodiversity. J Nat Prod. 2011;74(3):496–
511.  

13 Cragg GM, Newman DJ. Natural products: 
A continuing source of novel drug leads. 
Biochim Biophys Acta. 2013;1830(6): 
3670–3695.  

14 Rocío González-Lamothe, Gabriel Mitchell, 
Mariza Gattuso, Moussa S. Diarra, 
François Malouin,  Kamal Bouarab. Plant 
antimicrobial agents and their effects on 
plant and human pathogens. Int J Mol Sci. 
2009;10(8):3400–3419. 

15 Found Symp. 1999;223:175-187. 
16 Pieterse CMJ, Antonio LR, Sjoerd VE, 

Saskia CM Wees V. Networking by small-
molecule hormones in plant immunity. 
Nature Chemical Biology. 2009;5:308-316. 

17 Jeandet P, Douillet-Breuil AC, Bessis R, 
Debord S, Sbaghi M, Adrian M. 
Phytoalexins from the vitaceae: 
Biosynthesis, phytoalexin gene expression 
in transgenic plants, antifungal activity, and 
metabolism. J. Agric. Food Chem. 
2007;50(10):2731-2741. 

18 Vaughan MM, Christensen S, Schmelz EA, 
Huffaker A, McAuslane HJ, Alborn HT, 
Romero M, Allen LH, Teal PE. 
Accumulation of terpenoid phytoalexins in 
maize roots is associated with drought 
tolerance. Plant Cell Environ. 2014.  
DOI: 10.1111/pce.12482.  

19 Angelova S, Buchheim M, Frowitter D, 
Schierhorn A, Roos W. Overproduction of 
alkaloid phytoalexins in California poppy 
cells is associated with the co-expression 
of biosynthetic and stress-protective 
enzymes. Mol Plant. 2010;3(5):927-939. 

20 Glawischnig E. Camalexin. Phytochem. 
2007; 68(4):401-416.  

21 Lin YM, Shih SL, Lin WC, Wu JW, Chen 
YT, Hsieh CY, Guan LC, Lin L, Cheng CP. 
Phytoalexin biosynthesis genes are 
regulated and involved in plant response to 
Ralstonia solanacearum infection. Plant 
Sci. 2014;224:86-94. 



 
 
 
 

Keimei Oh et al.; BJAST, 9(6): 527-533, 2015; Article no.BJAST.2015.291 
 
 

 
533 

 

22 Ruszkowska J, Wróbel JT. Tryptophan-
derived sulfur-containing phytoalexins--a 
general overview. Adv. Exp. Med. Biol. 
2003;527:629-636. 

23 Böttcher C, Westphal L, Schmotz C, Prade 
E, Scheel D, Glawischnig E. The 
multifunctional enzyme CYP71B15 
(PHYTOALEXIN DEFICIENT3) converts 
cysteine-indole-3-acetonitrile to camalexin 
in the indole-3-acetonitrile metabolic 
network of Arabidopsis thaliana. Plant Cell.  
2009;21(6):1830-1845. 

24 Mikkelsen MD, Fuller VL, Hansen BG, 
Nafisi M, Olsen CE, Nielsen HB, Halkier 
BA. Controlled indole-3-acetaldoxime 
production through ethanol-induced 

expression of CYP79B2. Planta 
2009;229(6):1209-1217. 

25 Nawrath C, Métraux JP. Salicylic acid 
induction-deficient mutants of Arabidopsis 
express PR-2 and PR-5 and accumulate 
high levels of camalexin after pathogen 
inoculation. Plant Cell. 1999;11(8):1393-
1404. 

26 Ahuja I, Kissen R, Bones AM. Phytoalexins 
in defense against pathogens. Trends 
Plant Sci. 2012;17(2):73-90. 

27 Njar VCO. High-yield synthesis of novel 
imidazoles and truazoles from alcohols 
and phenols. Synthesis. 2000;14:2019-
2028.  

_________________________________________________________________________________ 
© 2015 Keimei Oh et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 
 
 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history.php?iid=1141&id=5&aid=9598 
 


