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The new Schiff base 3 was synthesized by reacting 6-methyl-2-aminobenzothiazole and 2-methoxy-1-naphtaldehyde 

in ethyl L- lactate as a green solvent. Compound 3 was characterized by FT-IR, 1H NMR, 13C NMR, single crystal X-

ray diffraction study and elemental analysis. The compound crystallizes in the monoclinic space group P21/n, with a= 

8.1077(15), b=17.302(3), c=22.790(4) Å, β= 95.799(7), V= 3180.7(1) Å3, absorption coefficient= 0.212 mm-1. The 

asymmetric unit contains two crystallographically independent molecules with intramolecular C-H···N and 

intermolecular C-H···Cg interactions. 
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INTRODUCTION 

The reaction of primary amines with aldehydes 

or ketones leads to Schiff bases containing the 

imine C=N double bond. The Schiff base formation 

reaction was carried out by Hugo Schiff in 1864 

and the compounds obtained from this reaction 

were named Schiff bases [1]. If the aryl group is not 

bound to the carbon or nitrogen atom of the imine 

group, the Schiff base immediately polymerises or 

decomposes [2]. Schiff bases have an important 

role in the development of coordination chemistry, 

since the transition metals easily form stable 

complexes with many species [3-5].  

Schiff bases are the most widely used organic 

compounds both as synthetic intermediates and in 

coordination chemistry [6]. Schiff bases are an 

important ligand that coordinates to metal ions via 

azomethine nitrogen. Some Schiff bases have been 

reported to have antibacterial, antifungal, anticancer 

and diuretic activities. It is also known that Schiff 

bases are widely used in food industry, paint 

industry, analytical chemistry, catalysis, fungicide, 

agricultural chemical and biological activities [7-9]. 

Imines are also intermediates in many enzymatic 

and pharmaceutical reactions. Conventional 

syntheses often require the use of toxic solvents 

such as methylene chloride [10] or refluxing in 

petroleum-based solvents such as toluene as 

azetropic agents [11]. More recently, green 

chemistry solvents are used in imine synthesis [12-

17]. Here, new naphthaldehyde-derivatized Schiff 

bases were synthesized using ethyl lactate as a 

solvent and the process was identified as green 

synthesis. Water was used as a cosolvent. By 

optimizing the solvent polarity, the formation of the 

product is accelerated. 

EXPERIMENTAL 

Materials and Methods 

6-Methyl-2-amino benzothiazole and 2-

methoxy-1-naphthaldehyde were of commercial 

quality or purified before use. Organic solvents 

used were of HPLC grade. The melting point was 

determined using a Gallenkamp apparatus. The 1H 

NMR and 13C NMR spectra were recorded on a 

Bruker DPX FT NMR spectrometer (at 500 MHz 

and 125 MHz, respectively) at 298 K. Chemical 

shifts are given in  (ppm) relative to TMS 

(DMSO-d6) as the internal standard. The infrared 

spectrum was recorded on a Perkin Elmer Precisely 

Spectrum 100 FT-IR spectrophotometer as pressed 

KBr disc. Elemental analysis was performed on 

Elementar Analysensysteme GmbH vario MICRO 

CHNS (Turkish Technical and Scientific Research 

Council Laboratories, Ankara, Turkey). TLC was 

performed on pre-coated silica gel plates (Merck 

60, F254, 0.25 mm). 

Synthesis of (2-methoxy-1-naphthyl methylene)-6-

methyl-benzothiazole-2-yl-amine (3) 

General procedure A for preparation of (2-

methoxy-1-naphthyl methylene)-6-methyl-

benzothiazole-2-yl-amine (3): the Schiff base was 

synthesized by the method given in [18]. A mixture 

of 6-methyl-2-amino benzothiazole (1, 0.082115 g, 

0.5 mmol) and methoxy-1-naphthalene (2, 

0.093105 g, 0.5 mmol) in ethyl lactate - water 
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system (3 mL, 80%) was stirred at room 

temperature for a period of time (Table 1).  

Table 1. Effect of solvent polarity and catalyst on the 

yield for the synthesis of (2-methoxy-1-naphthyl 

methylene)-6-methyl-benzothiazole-2-yl-amined 
 (3)  

Procedure 
Time 

(min) 

Solvent 

(%EL) 
%Yieldc 

A 60 80 77 

B 120 70 72 

C 30 100a 80 

D 10 100b 90 
a Sc(OTf)3  
b Yb(OTf)3 
c isolated yield 
d reactions were carried out at room temperature 

The reaction was terminated by TLC checking 

and left at room temperature overnight. The 

resulting precipitate was filtered off and washed 

with petroleum ether. The resulting crude product 

(3) was recrystallized from a mixture of ethyl 

acetate: n-hexane and ethanol solvent (1:6:0.008). 

Yield 77%. 

General procedure B for preparation of (2-

methoxy-1-naphthyl methylene)-6-methyl-

benzothiazole-2-yl-amine (3): A mixture of 6-

methyl-2-amino benzothiazole (1, 0.082115 g, 0.5 

mmol) and 2-methoxy-1-naphthaldehyde (2, 

0.093105 g, 0.5 mmol) in ethyl lactate - water 

system (3 mL, 70% ) was stirred at room 

temperature for a period of time (Table 1). 
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A: 80% Ethyl L-lactate, room temperature, 60 min, yield 77%
B: 70% Ethyl L-lactate, room temperature, 120 min, yield 72%
C: Ethyl L-lactate, room temperature, 30 min, yield 80%
D: Ethyl L-lactate, room temperature, 10 min, yield 90%  

Scheme 1. Schematic representation of the formation of (2-methoxy-1-naphthyl methylene)-6-methyl-benzothiazole-2-

yl-amine (3) 

The reaction was terminated by TLC checking 

and left at room temperature overnight. The 

resulting crude product (3) was recrystallized from 

a mixture of ethyl acetate: n-hexane and ethanol 

solvent (1:6:0.008). Yield 72%. 

General procedure C for preparation of (2-

methoxy-1-naphthyl methylene)-6-methyl-

benzothiazole-2-yl-amine (3): A mixture of 6-

methyl-2-amino benzothiazole (1, 0.082115 g, 0.5 

mmol) and 2-methoxy-1-naphthaldehyde (2, 

0.093105 g, 0.5 mmol) in ethyl L-lactate - water (3 

mL, 99 %) and Sc(OTf)3 (0.0098432 g, 0.02 mmol)  

was stirred at room temperature for period of time 

(Table 1). The reaction was terminated by TLC 

checking and left at room temperature overnight. 

The resulting crude product (3) was recrystallized 

from a mixture of ethyl acetate: n-hexane and 

ethanol solvent (1:6:0.008). Yield 80% 

General procedure D for preparation of (2-

methoxy-1-naphthyl methylene)-6-methyl-

benzothiazole-2-yl-amine (3): A mixture of 6-

methyl-2-amino benzothiazole (1, 0.082115 g, 0.5 

mmol) and 2-methoxy-1-naphthaldehyde (2, 

0.093105 g, 0.5 mmol) in ethyl L-lactate - water (3 

mL, 99 %) and Yb(OTf)3 (0.012405 g, 0.02 mmol) 

was stirred at room temperature for period of time 

(Table 1). The reaction was terminated by TLC 

checking and left at room temperature overnight. 

The resulting crude product (3) was recrystallized 

from a mixture of ethyl acetate: n-hexane and 

ethanol solvent (1:6:0.008). Yield 90%.  

Elemental analysis (%): Formula C20H16N2SO:  

Found: C- 72.19;  H- 4.79;  N- 8.40;  O- 4.78; S- 

9.61 % ; Calculated: C- 72.26; H- 4.85; N- 8.43; O- 

4.81; S- 9.65% ; IR (KBr): 3012.72 cm-1 (m, Ar-H),  

2974.14 cm-1 (m, CH3),  2939.43 cm-1 (m, CH3), 

1622.08 cm-1 (m, CH=N), 1585.44 cm-1  (s, Ar-H), 

1512.15 cm-1  (s, Ar-H), 1458.14 cm-1 (s, Ar-H);  
1H-NMR (DMSO-d6, 500 MHz, δ ppm): 1.6 (s, 3H, 

CH3-benzothiazole); 4.1 (s, 3H, OCH3 -

naphthaldehyde);  7.29 (d, J=6.26 Hz, 1H, H4); 

7.33 (d, J=9.10 Hz, 1H, H12); 7.48 (t, J=7.47 Hz, 

1H, H15);  7.66 (s, 1H, H7);  7.7 (t, J=7.79 Hz, 1H, 

H16); 7.83 (d, J=8.03 Hz, 1H, H-17);  7.92 (d, J= 

8.25 Hz, 1H, H5); 8.07 (d, J=9.11 Hz, 1H, H-13); 

9.8 (d, J= 8.68 Hz, 1H, H14); 9.9 (s, 1H, −CH=N−); 
13C-NMR (CDCl3, 125 MHz, δ ppm): 21.63; 56.67; 

112.14; 115.29; 121.46; 122.55; 124.77; 126.56; 

127.80; 128.49; 128.97; 129.59; 132.11; 134.38; 

135.00; 136.72; 150.07; 162.01; 164.06; 172.49.  
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X-Ray Crystallography 

The suitable crystals of the title compound were 

crystallized from  ethyl acetate : n-hexane : ethanol 

(1:6:0.008)  at room temperature. Crystallographic 

data were recorded on a Bruker Kappa APEXII 

CCD area-detector diffractometer using Mo K 

radiation (=0.71073 Å) at T=150(2) K. Multi-scan 

absorption correction  was applied [19]. The 

structure was elucidated by direct methods and 

clarified by full-matrix least squares against F2 

using all data [20]. All of the H atoms were 

anisotropically refined. Methine H atoms, aromatic 

H atoms and methylene H atoms  were 

geometrically located at 0.95 (CH), 0.95 (aromatic) 

and 0.98 (CH3) distances from the parent O and C 

atoms; the Uiso (H) values during refinement 

process were limited to 1.2 Ueq (for aromatic carrier 

atoms) and 1.5 Ueq (for methyl carrier atoms) using 

a sliding model. 

RESULTS AND DISCUSSION 

The novel Schiff base (3) was synthesized 

according to the route shown in Scheme 1. We 

performed an effective synthesis using ethyl lactate, 

a green solvent. The reaction was carried out using 

the ethyl lactate-water system and then the polarity 

of the reaction medium was adjusted with water. In 

the medium where 100% ethyl lactate and Yb 

(OTf)3 were used, it was observed that the reaction 

was very rapid and yielded a product with 

maximum efficiency (Table 1). The structure of 

Schiff base 3 was deterined through spectroscopic 

and elemental analysis. When the IR spectrum of 

compound 3 was examined, it was observed that the 

peak observed at 1622 cm-1 belonged to the 

azomethine group. 1HNMR spectrum of compound 

3 showed a characteristic singlet signal at 9.9 ppm, 

which might be attributed to the CH=N group. Two 

sharp singlets were also observed at  4.1 and 1.6 

ppm for methoxy (OCH3-napht) and methyl protons 

(CH3-benzth), respectively. For the aromatic ring 

protons, two triplets, six doublets and one singlet 

signal were assigned at  7.7, 7.48, 9.8, 8.07, 7.33, 

7.83 and 7.66 ppm, corresponding to H16, H15, 

H14, H13, H12, H17 and H7 protons, respectively 

(Scheme 1). In the 13C NMR spectrum of the 

compound 3, the signals observed at 56.67 and 

21.63 ppm were assigned to methoxy and methyl 

carbons, respectively. Furthermore, one downfield 

signal observed at 172.49 ppm was assigned to 

azomethine carbon (C=N). Finally, by single crystal 

X-ray analysis of compound 3, the relative 

stereochemical outcome was determined. 

X-Ray Structure 

The crystal structure of the compound and the 

atomic numbering scheme of the compound are 

shown in Fig. 1. 

 

 
Fig. 1. ORTEP-3 [21] the atom numbering drawing 

scheme of compound 3. Displacement ellipsoids are 

drawn at the 50% probability level. 

Table 2. Crystal data and structure refinement for 

compound 3 

Empirical formula C40H32N4O2S2 

Colour/shape yellow/block 

Formula weight 664.82 

T (K) 99(2) 

Radiation used, graphite monochr. Mo K ( = 0.71073 Å) 

Crystal system Monoclinic 

Space group P 21/n 

a (Å) 8.1077 (15) 

b (Å) 17.302 (3) 

c (Å) 22.790 (4) 

(o) 90 

β(o) 95.799 (7) 

(o) 90 

V (Å3) 3180.7 (1) 

Z 4 

Absorption coefficient (mm-1) 0.212 

calc (mg mm-3) 1.388 

Crystal dimensions (mm) 0.31 × 0.24 × 0.21 

 (Max.) (o) 23.25 

 (Min.) (o) 2.76 

Reflections measured 4535 

Range of h, k, l -8 <h <8 

-19 <k < 19     

-25 <l < 25 

No of reflections with I>2(I) 4222 

Corrections applied Lorentz-polarization 

Structure solution Direct methods 

Treatment of H atoms Geometric calculations 

No. of parameters var 437 

Goodness-of-fit  S 1.079 

R = Fo - Fc/Fo 0.0296 

Rw 0.0867 

Rint 0.0279 

(∆/ρ) max (e Å-3) 0.165 

(∆/ρ) min (e Å-3) -0.257 
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Table 3. Bond lengths (Å), bond angles (o) and torsion angles (o) for compound 3 

S1-C13  1.7340(17) O1-C19  1.427(2) N3-C32  1.301(2)  C11-C1  1.447(2) 

S1-C12 1.7875(18) O2-C22  1.360(2) N3-C38 1.389(2)  C21-C31  1.449(2) 

S2-C33  1.7325(17) O2-C39  1.432(2) C20-C15  1.510(3)  C31-N4  1.290(2) 

S2-C32  1.7840(18) N1-C12  1.295(2)  C12-N2  1.381(2) N4-C32 1.384(2) 

O1-C2  1.362(2) N1-C18 1.390(2)  N2-C11  1.289(2) C35-C40  1.507(3) 

C13-S1-C12  88.46(8) N1-C12-N2  122.35(16) N1-C18-C13  115.90(15) C38-C33-S2  109.59(13) 

C33-S2-C32  88.71(8) N1-C12-S1  115.44(13) O1-C2-C1  116.58(15) N3-C38-C37  125.61(16) 

C2-O1-C19  118.04(14) N2-C12-S1  122.19(13) O1-C2-C3 121.51(16) N3-C38-C33  115.82(15) 

C22-O2-

C39  

118.69(14) C11-N2-C12 117.94(15) C22-C21-C31 116.59(16) O2-C22-C21  116.66(15) 

C12-N1-

C18 

110.48(15) N2-C11-C1  125.88(16) N3-C32-N4  121.81(16) O2-C22-C23  121.44(16) 

C32-N3-

C38  

110.60(15)   N3-C32-S2  115.25(13) N1-C18-C13 115.90(15) 

C14-C13-S1  128.55(14) C2-C1-C11  116.62(15) N4-C32-S2  122.94(13) N1-C18-C17  125.12(17) 

C18-C13-S1  109.64(13) C10-C1-C11  124.87(16) C34-C33-S2  128.60(14) C33-S2-C32-N4 -178.76(15) 

C20-C15-

C14-C13 

179.57(16) N2-C11-C1-

C2 

-174.43(17) C10-C1-C2-

O1 

174.96(15) C33-C34-C35-

C40 

175.32(17) 

C15-C14-

C13-C18  

-1.8(3) N2-C11-C1-

C10 

6.3(3) C11-C1-C2-

O1 

-4.3(2) C32-N3-C38-C37  -178.28(17) 

C15-C14-

C13-S1  

179.85(14) C20-C15-

C16-C17 

-178.04(17) O1-C2-C3-C4 -178.30(17) C32-N3-C38-C33  0.7(2) 

C18-N1-

C12-N2  

-178.23(15) C33-S2-C32-

N3 

1.91(14) C22-C21-

C31-N4 

-179.85(16) S2-C33-C38-C37  179.78(13) 

C18-N1-

C12-S1  

3.21(19) C12-N1-C18-

C13 

-2.4(2) C30-C21-

C31-N4 

0.5(3) C39-O2-C22-C21 175.46(16) 

C13-S1-

C12-N1  

-2.53(14) S1-C13-C18-

C17 

2.3(3) C31-N4-C32-

N3 

-175.67(16) C39-O2-C22-C23  -4.7(2) 

N1-C12-N2-

C11  

161.10(16) C19-O1-C2-

C1 

-178.71(17) C12-N1-C18-

C17  

177.10(17) C12-N2-C11-C1 177.72(16) 

S1-C12-N2-

C11  

-20.4(2) C19-O1-C2-

C3 

1.5(3) C31-N4-C32-

S2  

5.0(2) C21-C31-N4-C32 -178.69(16) 

Table 4. Hydrogen-bond geometry (Å, o) 

D-H···A D-H H···A D···A D-H···A 

C9-H9···N2 0.95 2.28 2.929(2) 125 

C29-H29···N4 

C36-H36···Cg3i 

C36-H36···Cg4i 

0.95 

0.95 

0.95 

2.26 

2.90 

2.98 

2.927(2) 

3.590(2) 

3.777(2) 

126 

130 

142 

Symmetry code: (i) -1+x, y, z. Cg3 and Cg4 are the centroids of the rings C(N1/S1/C12/C13/C18) and D(C13-C18), 

respectively. 

 

The asymmetric unit contains two 

crystallographically independent molecules, while 

the bond lengths and angles are in the normal 

range. The crystallographic data, and the selected 

bond lengths, bond angles and torsion angles are 

given in Tables 2 and 3, respectively. 
The C1-C11=N2-C12 [177.72(16)o] and C21-

C31=N4-C32 [-178.69(16)o] torsion angles show that the 

configurations about the C=N bond s are anti (1E). The 

planar rings A(C1-C5/C10), B(C5-C10), 

C(N1/S1/C12/C13/C18) D(C13-C18) and E(C21-

C25/C30), F(C25-C30), G(N3/S2/C32/C33/C38), 

H(C33-C38) are oriented at dihedral angles of 

A/B=4.65(5)o, C/D=0.95(5)o and E/F=0.35(6)o, 

G/H=2.45(6)o. So, rings C, D and E, F are coplanar. The 

coplanar rings I(N1/S1/C12-C18) and J(C21-C30) are 

oriented with respect to rings A, B and G, H at dihedral 

angles of A/I=15.12(4)o, B/I=2.24(5)o and G/J=5.84(4)o, 

H/J=5.58(4)o. The compound 3 has intramolecular C–

H…N hydrogen bonds (Table 4). 
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Molecules are stacked along the a-axis in the crystal 

structure, extending along the c-axis (Fig. 2). The π···π 

contacts between the rings, Cg3---Cg1i, Cg3---Cg2i, 

Cg7---Cg5, Cg1---Cg1ii and Cg5---Cg8 where Cg1, Cg2, 

Cg3, Cg5, Cg7 and Cg8 are the centroids of the rings A, 

B, C, E, G and H with centroid-centroid distances of 

3.595(1) Å, 3.784(1) Å, 3.600(1) Å, 3.900(1) Å and 

3.554 (1) Å, respectively,  and the C-H···π interactions 

may be effective in the stabilization of the crystal 

packing (Table 4). 

 

Fig. 2. A partial packing scheme that looks down on 

an axis. Hydrogen atoms are omitted for clarity.   
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