
353 

 

Available online at www.joac.info 
ISSN: 2278-1862 
 

 
 

 
Synthesis, Characterization Studies of a Novel Indole Derivative:  

3,3'-[(5-methylthiophen-2-yl) methanediyl]bis (1H-indole) 
 

 R. Anil Kumar1, K.M. Mahadevan1, H.S. Bhojyanaik2, M.V. Deepa Urs3, 
N.K. Lokanath4 and S. Naveen5* 

 

1. Department of Chemistry, Kuvempu University, P. G. Center, Kadur 577 548, INDIA 
2. Department of Industrial Chemistry, Kuvempu University, Shankaraghatta 577 451, INDIA 

3. Department of Physics, The National Institute of Engineering, Mysuru 570 008,INDIA 
4 Department of Studies in Physics, University of Mysore, Manasagangotri, Mysuru 570 006, INDIA 

5. Department of Physics, School of Engineering & Technology, Jain University, Bangalore 562 112, INDIA 
Email: s.naveen@jainuniversity.ac.in 

 
Accepted on 10th February, 2018 

___________________________________________________________________________________________ 
ABSTRACT 
The title compound 3, 3’-[(5-methylthiophen-2-yl) methanediyl]bis(1H-indole) was synthesized and 
the resultant compound was crystallized using ethanol by slow evaporation technique. The compound 
was characterized by FTIR, 1H NMR and finally the structure was confirmed by single crystal X-ray 
diffraction studies. The title compound crystallizes in monoclinic C2/c spacegroup with cell 
parameters a=26.282(4) Å, b=10.3274(14) Å, c=17.671(2) Å, β=130.254(8) and Z= 8. The indole 
rings are orthogonal to each other. 
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INTRODUCTION 
 

Indole nucleus has been an interesting structural subunit present in numerous biological and 
pharmacologically important lead molecules and also, they are present abundantly in natural products 
with a wide range of biological activities [1]. Development of new synthetic methods [2-9] leading to 
distinct indole derivatives have been attracting considerable attention due to their application in drug 
discovery [10-12].  A Few bisindolylmethanes (BIM’s) have been reported to exhibit wide range of 
biological activities [13-17]. In specific to cancer, very interestingly BIM’s were found to exhibit 
potent anticancer property towards various types of cancers [16-17]. Hence, following the broader 
biological and pharmacological importance of bisindolylmethanes and in continuation of our efforts to 
investigate novel bio active molecules [18-22], we report herein the synthesis, characterization and 
crystal structure studies of the title compound. 
 

MATERIALS AND METHODS 
 

The melting points were measured on a Boetius-Mikroheiztisch the company “VEB” weighing. 
Rapido Radebeul / VEB NAGEMA "measured and are uncorrected. TLC was performed by using 
aluminium foil fluorescent indicator from Merck KGaA (silica gel 60 F254, layer thickness 0.2 mm). 
Rf -values (run level relative to the solvent front). 1H-NMR spectra were recorded on a "Gemini 
2000" (400/100 MHz). The ATR spectrum was recorded on a FT-IR   spectrometer "IFS 28" by 
"Bruker". Crystal structure was recorded by Bruker X8 Proteum Single-crystal X-ray diffractometer. 
 

RESULTS AND DISCUSSION 
 

The synthesis of 3,3'-[(5-methylthiophen-2-yl)methanediyl]bis(1H-indole) is depicted in  Scheme-1. 
The 3,3'-[(5-methylthiophen-2-yl)methanediyl]bis(1H-indole) was obtained by reaction between 
commercially available indole and 5-methylthiophene-2-carbaldehyde under stirring in glacial acetic 
acid as catalyst and solvent. Thus the resulted crude product was purified by recrystallization using 
methanol as solvent to furnish 3,3'-[(5-methylthiophen-2-yl)methanediyl]bis(1H-indole) (3) as 
colorless crystals. The product structure was established by IR and 1H NMR spectral analysis. 
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Scheme:1Synthesis of 3,3'-[(5-methylthiophen-2-yl)methanediyl]bis(1H-indole).

 
General procedure: In a flask containing 5 ml of glacial acetic acid and indole (2 mmol, 0.23 g) was 
added under stirring until all the indole was dissolved. Then 5-methylthiophene-2-carbaldehyde (1 
mmol, 0.123 g) was added under vigorous stirring. The reaction mixture was allowed to stir over 4 to 
6 hr, where the reaction solution turned from light yellow to light pink and then to dark red colour. 
The product was detected by TLC (100 % CH2Cl2). After, completion of the reaction, the reaction 
mixture was added to the ice cold water.  The product separated out from the reaction mixture was 
filtered and washed with water. The crude product was further purified by recrystallization by using 
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methanol as solvent to furnish white crystals of 3,3'-[(5-methylthiophen-2-yl)methanediyl]bis(1H-
indole) in good yield (80.5%). M.P=150-1520C.   
Spectral Characterization: IR (KBr) (vmax/cm-1): 3464 (N-H), 3062 (C-H), 1237(C-N), 756 (C-S) 
1H-NMR (400 MHZ, DMSO): 10.994 (s, 2H, NH), 7.448 (t, 1H),  7.301-7.334 (d, d, 2H J=4.8 HZ), 
7.001-7.032 (d, d, 2H, J=2.4 HZ), 6.872-6.879 (t, 3H, J=2.8 HZ), 6.652 ( d, 1H, J=2.8 HZ), 
6.574(d,1H),5.954(s,1H),2.331(s,3H=CH3). 
 
X-ray diffraction studies: A white colored rectangle shaped single crystal of dimensions 
0.29×0.26×0.25 mm of the title compound was chosen for an X-ray diffraction study. The X-ray 
intensity data were collected at a temperature of 296 K on a Bruker Proteum2 CCD diffractometer 
equipped with an X-ray generator operating at 45 kV and 10 mA, using CuKα radiation of wavelength 
1.54178 Å. Data were collected for 24 frames per set with different settings of φ(0° and 90°), keeping 
the scan width of 0.5°, exposure time of 2 s, the sample to detector distance of 45.10 mm and 2θvalue 
at 46.6°. A complete data set was processed using SAINT PLUS [23]. The structure was solved by 
direct methods and refined by full-matrix least squares method on F2 using SHELXS and SHELXL 
programs [24].  
 

 
 

Figure 1. ORTEP diagram of the molecule with thermal ellipsoids drawn at 50% probability 
 
All the non-hydrogen atoms were revealed in the first difference Fourier map itself. All the hydrogen 
atoms were positioned geometrically and refined using a riding model. After several cycles of 
refinement, the final difference Fourier map showed peaks of no chemical significance and the 
residuals saturated to 0.0861. The geometrical calculations were carried out using the program 
PLATON [25].The molecular and packing diagrams were generated using the software MERCURY 
[26]. The details of the crystal structure and data refinement are given in Table-1.  The list of selected 
bond lengths and bond angles are given in Tables-2 and 3. Figure 1 represents the ORTEP of the 
molecule with thermal ellipsoids drawn at 50% probability.   
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Table 1. Crystal data and structure refinement details. 
 

Empirical formula C22H18N2S 
Formula weight 342.44 
Temperature 296(2) K 
Wavelength 1.54178 Å 
Reflections for cell determination 1522 
 range for above 4.82o to 64.22o 
Crystal System Monoclinic 
Space Group C2/c 

Cell dimensions 

a = 26.282(4) Å 
b = 10.3274(14) Å 
c = 17.671(2) Å 
β = 130.254(8)o 

Volume 3660.5(9) Å3 
Z 8 
Density (calculated) 1.243 Mgm-3 
Absorption coefficient 1.597 mm-1 
F000 1440 
Crystal size 0.29 x 0.26 x 0.25 mm 

Index ranges 
-30 ≤ h ≤ 30 
-12 ≤ k ≤ 10 
-20 ≤ l ≤ 19 

Reflections collected 17067 
Independent reflections 3009 [Rint = 0.1332] 
Absorption correction Multi-scan 
Refinement method Full matrix least-squares on F2 
Data / restraints / parameters 3009 / 0 / 228 
Goodness of fit on 0.959 
R indices [ I > 2s(I)] R1 = 0.0878, ωR2 = 0.1994 
R indices (all data) R1 = 0.1452, ωR2 = 0.2531 
Extinction coefficient 0.0050(7) 
Largest diff. Peak and hole 0.591 and -0.301 e Å-3 

 
Table 2. Bond lengths (Å)  

Atoms Length Atoms Length 

S1-C5 1.710(5) C16-C15 1.523(6) 

S1-C2 1.714(6) C17-C18 1.342(6) 

N19-C20 1.359(6) C5-C4 1.356(6) 

N19-C18 1.376(6) C15-C7 1.361(7) 

N8-C9 1.354(6) C4-C3 1.380(7) 

N8-C7 1.372(6) C24-C23 1.381(7) 

C25-C24 1.389(6) C9-C10 1.380(7) 

C25-C20 1.407(6) C13-C12 1.381(7) 

C25-C17 1.422(6) C21-C22 1.366(8) 

C14-C13 1.371(7) C23-C22 1.392(8) 

C14-C9 1.413(7) C2-C3 1.350(8) 

C14-C15 1.436(6) C2-C6 1.491(8) 

C20-C21 1.380(7) C10-C11 1.358(8) 

C16-C5 1.495(6) C11-C12 1.405(8) 

C16-C17 1.523(6) - - 
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Table 3. Bond angles (o) 

Atoms Angle Atoms  Angle 
C5-S1-C2 93.5(3) C7-C15-C14 107.0(4) 
C20-N19-C18 108.6(4) C7-C15-C16 127.8(5) 
C9-N8-C7 109.0(4) C14-C15-C16 125.1(5) 
C24-C25-C20 118.9(4) C5-C4-C3 114.5(5) 
C24-C25-C17 133.8(4) C23-C24-C25 118.1(4) 
C20-C25-C17 107.3(4) N8-C9-C10 129.5(5) 
C13-C14-C9 119.1(5) N8-C9-C14 108.5(4) 
C13-C14-C15 135.1(5) C10-C9-C14 122.1(5) 
C9-C14-C15 105.8(5) C14-C13-C12 118.8(6) 
N19-C20-C21 130.1(4) C22-C21-C20 117.6(5) 
N19-C20-C25 107.2(4) C15-C7-C8 109.7(5) 
C21-C20-C25 122.6(5) C24-C23-C22 122.0(5) 
C5-C16-C17 112.3(3) C3-C2-C6 128.9(6) 
C5-C16-C15 111.1(4) C3-C2-S1 109.0(4) 
C17-C16-C15 111.4(4) C6-C2-S1 122.0(5) 

 

 
Figure 2. 1H-NMR Spectrum of 3, 3’-[(5-methylthiophen-2-yl)methanediyl]bis(1H-indole) 
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Figure 3. IR Spectrum of 3, 3’-[(5-methylthiophen-2-yl)methanediyl]bis(1H-indole) 

Crystal structure studies: Both the indole ring systems are essentially planar with dihedral angles of 
0.97(1)º and 2.77(1)º between the two fused ring systems N8/C7-C15 and N19/C17-C25 respectively. 
These values are in good agreement with those reported for 2-[(4-chlorophenyl)(1H-indol-3-
yl)methyl]-1H-indole [27]. The indole ring systems makes a dihedral angle of 89.88(19)° with respect 
to each other indicating that they are orthogonal to each other. The thiophene ring is nearly 
perpendicular to the indole ring system N8/C7-C15 as indicated by the dihedral angle values of 
86.3(3)° whereas it makes a dihedral angle of 69.5(3)° with the other indole ring system  N19/C17-
C25 respectively. The packing of the molecules when viewed down along the c axis indicate that the 
molecules form a tunnel like structure (Figure 4a) whereas when viewed down along the b axis it 
forms a one dimensional sheet (Figure 4b). 

 

 

a 
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Figure 4. The packing of the molecules when viewed down along the c axis indicate that the molecules form a tunnel  

like structure (a), whereas when viewed down along the b axis it forms a one dimensional sheet(b). 
 

APPLICATIONS 
 

 The structure of the compound was establish by X-ray crystallographic studies. The indole ring 
systems makes a dihedral angle of 89.880 with respect to each other indicting that they are ortho gonal 
to each other.  The thiophene ring is nearly perpendicular to the indole ring system N8/C7-C15 as 
indicated by the dihedral angle values of 86.330 where as it makes a dihedral angle of 69.530 if the 
other indole ring system N19/C17-C25. 

 
CONCLUSIONS 

 
Aqueous acetic acid (30%) was served as potential catalyst and solvent for a synthesis of 3, 
3’-[(5-methylthiophen-2-yl)methanediyl]bis(1H-indole) with good yields. The compound 
obtained was characterized spectroscopically and finally the structure of the compound was 
established by X-ray crystallographic studies. 
 

ACKNOWLEDGEMENTS 
 

The authors are thankful to Institution of Excellence, University of Mysore, Manasagangotri, 
Mysuru 570 006, India for providing the single-crystal X-ray diffractometer facility and 
DST-FIST for providing financial support under the research grant scheme SR/FST/ETT-
378/2014. Anil Kumar R. acknowledges to UGC, New Delhi for the financial support from 
BSR fellowship received by UGC New Delhi No: F-25-1/2013-14 (BSR)/7-229/2009 (BSR) 
dt 30.07.2014. 

REFERENCES 
 

[1]. M. Jorge Beltrá, Concepción Gimeno, R. P. Herrera, Beilstein J. Org. Chem., 2014, 10, 2206-
2214. 

[2]. J. A. Joule, Indole and its Derivatives. In Science of Synthesis; Thomas, E. J., Ed.; Houben-Weyl 
Methods of Molecular Transformations, Vol. 10; Thieme: Stuttgart, 2000; chapter 10.13  

[3]. G. R. Humphrey, J. T. Kuethe, Chem. Rev., 2006, 106, 2875–2911. 
[4]. M. Bandini, A. Melloni, S. Tommasi, A. Umani-Ronchi, Synlett., 2005, 1199–1222. 
[5]. E. Marqués López, A. Diez Martinez, P. Merino, R. P. Herrera, Curr. Org. Chem., 2009, 13 

1585-1609. 

b 



 S. Naveen et al                                           Journal of Applicable Chemistry, 2018, 7 (2):353-360 

www. joac.info                                                                    360 

 

[6]. M. Bandini, A. Eichholzer, Angew. Chem. Int. Ed., 2009. 48, 9608–9644.  
[7]. V. Terrasson, R. M. de Figueiredo, J. M. Campagne, Eur. J. Org. Chem. 2010, 14, 2635–2655. 
[8]. M.  Zeng, S. –L. You, Synlett, 2010, 1289–1301. 
[9]. P. Chauhan, S. S. Chimni, RSC Adv.,2012, 2, 6117–6134. 

[10]. M. Lounasmaa, A. Tolvanen, Nat. Prod. Rep., 2000, 17, 175–191. 
[11]. S. Hibino, T. Choshi, Nat. Prod. Rep., 2001, 18, 66–87. 
[12]. Y. –J.  Wu, Top. Heterocycl. Chem., 2010, 26,1–29. 
[13]. U. Pindur, T. Lemster, Curr. Med. Chem., 2001, 8, 1681–1698. 
[14]. [14] Kochanowska, A. J. Karamyan, M. T. Hamann, Chem. Rev., 2010, 110, 4489–4497. 
[15]. S. Safe, S. Papineni, S. Chintharlapalli, Cancer Lett., 2008, 269, 326–338. 
[16]. C. Hong, G. L. Firestone, L. F. Bjeldanes, Biochem. Pharmacol. 2002, 63,1085–1097. 
[17]. H. T. Le, C. M. Schaldach, G. L. Firestone, L. F. Bjeldanes, J. Biol. Chem., 2003, 278,21136–

21145. 
[18]. G. K. Nagaraja, V. P.  Vaidya, K. S. Rai, K. M. Mahadevan, Phosphorus, Sulfur and Silicon, 

2006, 181 (12), 2797-2806. 
[19]. K. M. Mahadevan, V. P. Vaidya, H. M. Vagdevi, Ind. J. Chem. Sect. B,  2003, 42(8), 1931-1936. 
[20]. [B. P. Nandeshwarappa, D. B. Aruna Kumar, H. S. Bhojya Naik, K. M. Mahadevan, 

Phosphorus, Sulfur and Silicon,2006, 181 (9), 1997-2003. 
[21]. M. A. Goudar, H. Jayadevappa, A. Sudhakara, K. M. Mahadevan, Letters in Organic Chemistry, 

2008,5 (8), 628-632. 
[22]. A. Srinivasa, K. M. Mahadevan, V. Hulikal, Monatshefte für Chemie-Chemical Monthly, 2008, 

139 (3), 255-259. 
[23]. Bruker, 2004, APEX2, SAINT-Plus and SADABS. Bruker AXS Inc., Madison, Wisconsin, USA. 
[24]. G. M. Sheldrick, Acta Cryst.,2015, A71, 3-8. 
[25]. A. L. Spek,  Acta. Cryst.,1990, A46, C34-C37. 
[26]. C. F. Macrae, I. J. Bruno, J. A. Chisholm, P. R. Edgington, P. McCabe, E. Pidcock, L. 

Rodriguez-Monge, R. Taylor, J. van de Streek, P. A. Wood, J. Appl. Cryst., 2008, 41, 466-470. 
[27]. R. Anil Kumar, S. Naveen, T. O. Shrungesh Kumar, K. M. Mahadevan, M. N. Kumara, N. K. 

Lokanath, Der Pharma Chem., 2016, 8(13), 190-199. 
 


