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Abstract 

Heteroaromatic Schiff base was synthesized by the reaction of 2-amino-6-methyl-4,5,6,7-

tetrahydrobenzo[b]thiophene-3-carbonitrile with 2,3-dihydroxybenzaldehyde. Titled compound 

was characterized by elemental analysis, FT-IR, 1H-NMR, 13C/APT-NMR and X-ray diffraction 

methods. Imine compound was crystallized in triclinic crystal system with space group P-1. X-

ray studies reveal that our molecule is stabilized by O-H···N and C-H···O hydrogen bonds and 

intermolecular π∙∙∙π interactions. The molecular structure of Schiff base was optimized by density 

functional theory (DFT) method using B3LYP/6-311+G(2d,p) quantum set in Gaussian 09W 

software program. The chemical shifts and geometrical parameters were also computed by the 

same quantum level and compared with the experimental results of (E)-2-(2,3-dihydroxy)-

benzylidene)amino)-6-methyl-4,5,6,7-tetrahydrobenzo[b]thiophene-3-carbonitrile. 
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1. INTRODUCTION  

Numerous reports on the synthesis of aminothiophenes in literature have been emerged, recently. 

Substituted alkyl 2-aminothiophene-3-carbocylate are versatile main constituent for the synthesis of 

agrochemicals, dyes [1], and pharmacologically active compounds [2−4].  A lot of substituted thiophene 

derivatives are important heterocycles used in drug design [5], biodiagnostics [6], conductivity-based 

sensors [7] and biological studies [8-11] such as antioxidant [12], antifungal [13], antitumor [14], 

antibacterial [15], anti-inflammatory [16] and antitubercular activities. However, some studies have been 

done on Imine compounds and complexes derived from aminothiophenes including cycloalcylthiophene 

[17]. Imine compounds have been extensively used as starting materials in the synthesis of important drugs 

such as antibiotics, anti-allergic, anticancer and enzyme inhibitor owing to their biological activities [18–

27]. Computer-aided drug design uses computational chemistry to discover, develop or investigate drugs 

and related biologically active molecules. The most important aim is to predict whether molecule will bind 

to a target and, if so, how strongly [28]. 

 

In this study, a novel Schiff base was prepared by the reaction of 2-amino-6-methyl-4,5,6,7-

tetrahydrobenzo[b]thiophene-3-carbonitrile with 2,3-dihydroxybenzaldehyde and characterized by using 

elemental analysis,  1H-NMR, 13C/APT-NMR, FT-IR and X ray diffraction methods. Theoretical 

calculations invoking structural optimization, geometrical parameters (bond lengths and angles) and 

chemical shifts  for the title compound were performed at the B3LYP methods with the 6-311+G(2d,p) 

basis set. These studies are precious for providing insight into molecular properties of Schiff base. 
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2. EXPERIMENTAL 

 

2.1. Physical Measurements and Chemicals 

 

Elemental analyses (C, H, N and S) was carried out on a LECO-CHNS-O 932 instrument. Melting points 

were measured without corrections on a Gallenkamp apparatus using a capillary tube, Infrared spectra 

(4000–400 cm-1) were recorded using a Thermo Nicolet 6700 FT-IR spectrometer on ATR. 1H-NMR 

spectra was recorded with a Bruker AVANCE III 400 MHz and 13C/APT-NMR spectra was recorded with 

a Bruker AVANCE III 100 MHz using TMS as an internal standard in d6-CDCl3. The reagents of analytical 

grade were purchased from Sigma-Aldrich and used without any further purification. 

 

2.2. The synthesis of 2-amino-6-methyl-4,5,6,7-tetrahydrobenzo[b]thiophene-3-carbonitrile (1) 

 

Amine compound was prepared according to the procedure described by Gewald [29,30]. A mixture of 

malononitrile (0.66 g, 0.01 mol), 4-methylcyclohexanone (1.12 g, 0.01 mol)  and sulfur (0.32 g, 0.01 mol), 

morpholine (0.87 g, 0.05 mol)  and 15 mL of ethanol were mixed at 50 °C until  crude product was 

precipitated. The reaction mixture was poured into the water, then the resulting solid was collected and 

recrystallized from ethanol. Yield: 74. Mp: 138-140 °C [31]. 

 

2.3. The synthesis of 2-((2,3-dihydroxybenzylidene)amino)-6-methyl-4,5,6,7-tetrahydrobenzo[b] 

thiophene-3-carbonitrile: general procedure (2)  

 

A mixture of 2-amino-6-methyl-4,5,6,7-tetrahydrobenzo[b]thiophene-3-carbonitrile (1.92 g, 0.010 mol)  

and 2,3-dihydroxybenzaldehyde (1.38 g, 0.01 mol) in 15 mL of ethanol was refluxed for 2 hours at 50 oC 

and cooled at room temperature. The precipitated solid was collected, then washed with cold ethanol and 

recrystallized from ethanol. The general synthetic route used to prepare imine compound is illustrated in 

Figure 1.  

 

Yield: 66 %, Mp: 220-221°C. FW: 312.39 g/mol. Anal. Calc. for C17H16N2O2S (%): C 65.36, H 5.16, N 

8.97, S 10.26. Found: C 68.84, H 4.88, N 8.33, S 9.97. FT-IR (ATR, cm-1): 3399 cm-1 –OH, 2970 cm-1 and 

2919 cm-1 aliphatic C-H, 2220 cm-1 CN, 1619 cm-1 C=N. 1H NMR (400 MHz, CDCI3, ppm): 12.22 (b, 2H, 

OH), 8.49 (s, 1H, CH=N), 7.10 (dd, 1H, Ar-H), 6.97 (dd, 1H, Ar-H), 6.88 (t, 1H, Ar-H), 2.54-2.85 and 2.33 

(m, 4H, CH2CH2), 1.95 (m, 2H, CH2), 1.45 ppm (m, 1H, CH), 1.11 ppm (d, 3H, CH3). 13C APT NMR (100 

MHz, CDCI3, ppm): Positive amplitude: 24.20, 30.20, 33.12, 106.88, 114.01, 117.99, 132.69, 134.98, 

144.96, 147.90, 156.81. Negative amplitude: 21.24, 29.27, 118.99, 119.99, 123.32, 160.79 ppm.  

 

 
 

                                           Figure 1. Synthesis route of Schiff base  
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2.4. X-Ray diffraction analysis 

 

Suitable crystals of Schiff base were selected for data collection which was performed on a D8-QUEST 

diffractometer equipped with a graphite-monochromatic Mo-Kα radiation at 100 K. The structures were 

solved by direct methods using SHELXS-97 [32] and refined by full-matrix least-squares methods on F2 

using SHELXL-97 from within the WINGX [33] suite of software. All non-hydrogen atoms were refined 

with anisotropic parameters. H atoms of hydroxyl groups were located in a difference map refined subject 

to a DFIX restraint. Other H atoms were located from different maps and then treated as riding atoms with 

C-H distances of 0.93-0.98 Å. The large s.u. values and displacement parameters of some C atoms are 

caused by the disorder of the benzothiophene. This disorder was modeled as two different orientations with 

occupancy factors of 0.605(5) and 0.395(5), respectively. Molecular diagrams were created by using 

MERCURY [34]. Supramolecular analyses were made and the diagrams were prepared with the aid of 

PLATON [35].  

 

2.5. Computational methods 

 

Computational studies were performed by density functional theory (DFT) by Becke’s three-parameter 

hybrid functional combined with the Lee–Yang–Parr correlation functional (B3LYP) [36-38]. The 

optimized geometries, chemical shifts and geometrical parameters (bond lengths and angles) were 

determined using 6-311+G(2d,p) basis set. All calculations were performed with Gaussian 09 software 

package and GaussView molecular visualization program. 

 

3.   RESULTS AND DISCUSSION 

 

This study has been occurred in two stages. In the first stage, we synthesized 2-amino-6-methyl-4,5,6,7-

tetrahydrobenzo[b]thiophene-3-carbonitrile as amine compound (1). In the second stage, we obtained 

Schiff base by the reaction of 2-amino-6-methyl-4,5,6,7-tetrahydrobenzo[b]thiophene-3-carbonitrile with 

2,3-dihydroxybenzaldehyde.   

 
3.1. FT-IR spectra 

 

Vibrational spectroscopy is one of the most useful tools for characterization of the chemical compounds in 

terms of experimental studies. In the FT-IR spectra of Schiff base; (E)-2-((2,3-dihydroxy 

benzylidene)amino)-6-methyl-4,5,6,7-tetrahydrobenzo[b]thiophene-3-carbonitrile, OH stretching band 

was observed at 3399 cm-1, the aliphatic C-H band was observed  at 2970 cm-1 and 2919 cm-1, the C-N band 

was observed 2220 cm-1, the C=N band was observed at 1619 cm-1. In the FT-IR spectra of imine compound, 

the absorption bands at 1622 cm-1 and 1619 cm-1 which is typical for the stretching vibrations of imine 

(CH=N) groups [39]. The FT-IR spectra and wavenumbers of Schiff base are given in Figure 2. 
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Figure 2. FTIR spectra of Schiff base 

 
3.2. NMR spectra 

 

The 1H-NMR and 13C/APT-NMR spectrum of newly synthesized Schiff base has been carried out in d6-

CDCl3 at room temperature (Figure 3) The chemical shift values were resoluted for each group for the first 

time by us. The OH protons at 12.22 ppm as broad peak, imine (CH=N) proton at 8.49 ppm as a singlet 

[40], aromatic protons at 7.10-6.88 ppm, aliphatic protons at 2.85-1.11 ppm are observed, respectively. The 

attached proton test (APT) experiment is used as an aid to assignment by separating carbons signals. In 13C 

NMR spectra, C and CH2 are observed at positive amplitude, CH and CH3 are observed at negative 

amplitude. The experimental 1H and 13C/APT-NMR spectral data of imine compound are summarized in 

Table 1.  

 

 
(a) 
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(b) 

Figure 3. 1H-NMR (a) and 13C/APT-NMR (b) spectrum of Schiff base 

 
Table 1. The experimental 1H and 13C/APT- NMR data of Schiff base 

                                         
Experimental chemical shifts δ (ppm) 

1H NMR 
 

12.22 (b, 2H, OH), 8.49 (s, 1H, CH=N), 7.10 (dd, 1H, Ar-H), 6.97- 6.88 (m, 2H, Ar-H), 2.54-

2.85 and 2.33 (m, 4H, CH2CH2), 1.95 (m, 2H, CH2), 1.45 (m, 1H, CH), 1.11 (d, 3H, CH3) 

13C-APT NMR  Positive amplitude: 24.20, 30.20, 33.12, 106.88, 114.01, 117.99, 132.69, 134.98, 144.96, 

147.90, 156.81 

Negative amplitude: 21.24, 29.27,118.99, 119.99, 123.32, 160.79 

Theoretical chemical shifts (δ, ppm) 

1H NMR 
 

9.30 (2H, OH), 8,33 (1H, CH=N), 6.95 (1H, Ar-H), 6.73 (2H, Ar-H), 2.58-2.84 and 2.30 (4H, 

CH2CH2), 1.82 (2H, CH2), 1.30 (1H, CH), 1.03 (3H, CH3) 

13C-APT NMR  Positive amplitude: 28.10, 35.45, 36.85, 113.98, 117.46, 128.43, 141.02, 144.12, 147.98, 

152.57, 152.82 

Negative amplitude: 22.97, 34.07, 118.23, 123.05, 125.65, 171.32 

 
3.3. Description of the crystal structure  

 

The molecular structure of Schiff base with the atom numbering schemes are shown in Figure 4. The N2-

C16 bond distance [1.151 (3) Å ] is typical N≡C triple bond while the N1-C7 bond distance 1.293 (2) Å is 

typical N═C double bond.  
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Figure 4. The crystal  structure of Schiff base showing the atom numbering scheme  

 

Crystal data and structure refinement parameters of Schiff base are given in Table 2. The experimental and 

calculated bond lengths and bond angles of compound are presented in Table 3. Schiff base is connected to 

other molecules through O-H···N and C-H···O atoms by hydrogen bonds (Table 4) [41]. Atom O1 atom 

acts as hydrogen-bond donor via atom H1 to atom N2 in the molecule at (-x+1, -y, -z), forming a 

centrosymmetric R2
2(22) ring centered at (1/2, 0, 0). Similarly, C3 atom acts as hydrogen-bond donor via 

atom H3, to atom O1 in the molecule at (-x, -y, -z-1), forming centrosymmetric R2
2(8) ring centered at (n+1, 

0, n+1/2) (n = zero or integer). The combination of hydrogen bonds generate edge-fused R2
2(8)R2

2(22)  

rings which is running parallel to the [101] direction (Fig. 5). The imine compound also contains two π∙∙∙π 

interactions and all of π∙∙∙π interactions give one-dimensional framework which is running parallel to the 

[001] direction (Fig. 6 and Table 5).  

 
Figure 5. Crystal structure of Schiff base with the formation of edge-fused R2

2(8)R2
2(22) 

 

 
Figure 6. Crystal structure of Schiff base with formation of chain along [001]generated by π···π 

interactions 
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Table 2. Crystal data and structure refinement parameters of Schiff base 

Empirical formula C17H16N2O2S Z 2 

Formula weight(g/mol) 312.38 Dc (g cm-3) 1.394 

Crystal system Triclinic μ (mm-1) 0.23 

Space group P-1 T (K) 100 

a (Å) 8.4285 (5) θ range (º) 3.4-28.3 

b (Å) 9.3960 (5) Measured refls. 28673 

c (Å) 10.5957 (5) Independent refls. 2916 

α (º) 115.317 (2) Rint 0.024 

 (º) 95.932 (3) S 1.08 

γ (º) 95.944 (2) R1/wR2 0.046/0.111 

V (Å3) 744.21 (7) max/min (eÅ-3) 0.67/-0.68 

 

 

Table 3. Selected bond lengths and angles of Schiff base 
 Assign.                     Exp.             Calc.*       Assign.                    Exp.             Calc.*      Assign.                        Exp.                  Calc.* 

              bond lengths (Å)  

C1—O2                  1.358 (2)        1.361 C5—C6                   1.408 (3)        1.407      C8—N1                     1.385 (2)          1.362 

C1—C2                  1.402 (3)        1.400 C6—C7                   1.445 (3)        1.455      C15—S1                    1.7324 (18)     1.744 

C1—C6                  1.409 (3)        1.402 C7—N1                   1.293 (2)        1.285      C8—S1                      1.7381 (19)     1.768 

C2—O                   1 1.369 (2)     1.378 C14—C15               1.498 (3)        1.499      C16—N2                   1.151 (3)          1.154 

C2—C3                  1.384 (3)        1.382 C8—C9                   1.377 (3)        1.385      C10—C15                 1.360 (3)          1.362 

C3—C4                  1.395 (3)        1.398 C9—C10                 1.430 (2)        1.434      C10—C11                 1.504 (2)          1.505 

C4—C5                  1.376 (3)        1.380 C9—C16                 1.433 (3)        1.421      C11—C12                 1.521 (3)          1.5348 

                                                                                          

                                                                                         bond angles  (º) 
O2—C1—C2         116.82 (17)     119.84 C5—C6—C1         119.13 (17)     118.75 C10—C15—C14       125.07 (17)         125.21 

O2—C1—C6         123.26 (16)     120.19 C5—C6—C7         119.51 (17)     121.67 C15—C10—C9         111.77 (16)         123.40 

C2—C1—C6         119.92 (17)     119.97 C1—C6—C7         121.36 (17)     119.58 C10—C15—S1         112.31 (14)         112.21 

O1—C2—C3         119.35 (17)     124.54 N1—C7—C6         122.49 (17)     121.75 C15—C10—C11       122.34 (17)        122.20 

O1—C2—C1         120.90 (17)     114.86 C9—C8—N1         124.51 (17)     123.95 C14—C15—S1          122.59 (14)       122.59 

C3—C2—C1         119.74 (18)     120.59 C9—C8—S1          110.18 (14)     109.51 C9—C10—C11         125.89 (16)        125.40 

C2—C3—C4         120.58 (17)     119.71 N1—C8—S1          125.30 (14)     126.54 N2—C16—C9           177.0 (2)            177.39 

C5—C4—C3         120.31 (18)     120.19 C8—C9—C16       123.00 (17)     122.69 C10—C11—C12       111.88 (16)        111.43 

C4—C5—C6         120.31 (18)     120.71 C10—C9—C16     123.09 (16)     123.14 C15—S1—C8            91.81 (9)            91.71 
* by  DFT/ B3LYP/6–311+G(2d,p) quantum set 

   

 

Table 4. Hydrogen bonds parameters (Å) for Schiff base  

D-H···A D-H H···A D···A D-H···A 

C3-H3···O1i  0.93 2.58 3.497 (2) 168 

O1-H1···N2ii  0.83 (2) 2.17 (2) 2.907 (2) 148 

O2-H2···N1  0.834 (2) 1.91 (2) 2.655 (2) 149 

Symmetry codes: (i) −x, −y, −z−1; (ii) −x+1, −y, −z 

 

 

Table 5. π···π interactions distances (Å) for Schiff base 

Cg(1) Cg(1)i 4.094 3.569 

Cg(1) Cg(2)ii 3.505 3.366 

Symmetry codes: (i) 1-x, 1-y, 1-z; (ii) 1-x, 1-y, -z; Cg(1)=S1/C8/C9/C10/C15; Cg(2)=C1-C6 
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