
 

      

 

   

   

       

         

     

     

   

   

 

  

  

    

   

      

   


         

       

́   ́     ́      

            ı́   

                ı́

 ̃     ̃   ̃      

        

         

      

         

          

             

           

          

            

            

          

             

          
               

  

        

       

        

      

        

       

        

        

       

      

         

         

       

        

           

           

        

         

       

        

       

         

        

        

    

        

            



       

       

        

        

         

         

        

         

      

           

            

       

   

  

       

       

        

            

          

           

           

        

     0
         

          

        

      



          

              

          

           

            

        

         

        

         

      

          

       

           

          

        

         

       

          

        

         

       

         

          

      

  

          

      

             

        

           

      
  

       

     
    

  

        

          

 

          

 
         
        

 
    

            
       
       
       
       
       

   ;þ ;þ   ;; þ   þ 

; þ 


;þ 




 þ ;þ ;þ 

 
            



     

           

         

          

           

         

       

       

        

        

        

   

       

         

        

      

           

         

         

         

        

        

         

          

           

          

     

 

       

        

             

       



            
         

         
            
   

           
           
       

         
             

   
              

  
      ı         
    ıı        

            
   

           
           

  
             
       

          
       

 

          

 
           


        

 
 

 
  
 
     
  
          
   
    
 
   
  
       

 
    
     

 
   
    

    
  

 
  

 


          
   
   
    
      

         
        



             
 

             
      

             
        

           
            
  

             
   

              
  

          
            
  

           
         

           
      

            
           

          
         


            
       

       
          

          
            

  

            
     

            


            
     

           
          

  ı           
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Crystal structure of 1-(1,3-benzothiazol-2-yl)-3-(4-bromobenzoyl)thiourea
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Ellena, Mohamed Gaye and Zenixole Tshentu

Computing details 

1-(1,3-Benzothiazol-2-yl)-3-(4-bromobenzoyl)thiourea 

Crystal data 

C15H10BrN3OS2

Mr = 392.29
Monoclinic, P21/n
a = 13.5009 (5) Å
b = 6.4130 (2) Å
c = 17.9147 (7) Å
β = 103.606 (4)°
V = 1507.54 (10) Å3

Z = 4

F(000) = 784
Dx = 1.728 Mg m−3

Mo Kα radiation, λ = 0.71073 Å
Cell parameters from 9123 reflections
θ = 3.1–33.9°
µ = 3.01 mm−1

T = 100 K
Block, light colourless
0.10 × 0.06 × 0.06 mm

Data collection 

XtaLAB Synergy, Dualflex, HyPix 
diffractometer

Detector resolution: 10.0000 pixels mm-1

ω scans
Absorption correction: gaussian 

(CrysAlisPro; Rigaku OD, 2022)
Tmin = 0.804, Tmax = 0.986
18792 measured reflections

3074 independent reflections
2581 reflections with I > 2σ(I)
Rint = 0.041
θmax = 26.4°, θmin = 3.1°
h = −16→16
k = −8→8
l = −22→21

Refinement 

Refinement on F2

Least-squares matrix: full
R[F2 > 2σ(F2)] = 0.024
wR(F2) = 0.057
S = 1.03
3074 reflections
199 parameters
0 restraints
Primary atom site location: dual

Hydrogen site location: inferred from 
neighbouring sites

H-atom parameters constrained
w = 1/[σ2(Fo

2) + (0.0191P)2 + 1.3729P] 
where P = (Fo

2 + 2Fc
2)/3

(Δ/σ)max = 0.001
Δρmax = 0.35 e Å−3

Δρmin = −0.30 e Å−3

Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; 
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
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Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å2)

x y z Uiso*/Ueq

Br1 0.07298 (2) −0.50717 (3) 0.27034 (2) 0.01865 (7)
S1 0.24869 (4) 0.98772 (8) 0.63447 (3) 0.01659 (12)
S2 0.10718 (4) 0.61809 (8) 0.59446 (3) 0.02191 (13)
O1 0.29683 (11) 0.3918 (2) 0.43225 (8) 0.0182 (3)
N3 0.16341 (14) 0.3897 (3) 0.48987 (10) 0.0172 (4)
H3 0.106967 0.322341 0.490909 0.021*
N1 0.38000 (13) 0.9461 (3) 0.54899 (10) 0.0155 (4)
N2 0.26397 (13) 0.6774 (3) 0.52923 (10) 0.0148 (4)
H2 0.298111 0.627829 0.496902 0.018*
C10 0.18323 (16) 0.1035 (3) 0.40497 (12) 0.0145 (4)
C11 0.24401 (17) 0.0071 (3) 0.36228 (12) 0.0183 (4)
H11 0.307296 0.068130 0.359855 0.022*
C8 0.18301 (16) 0.5657 (3) 0.53592 (12) 0.0167 (4)
C9 0.22053 (16) 0.3057 (3) 0.44251 (12) 0.0152 (4)
C13 0.12063 (17) −0.2631 (3) 0.32704 (12) 0.0162 (4)
C6 0.40504 (15) 1.1298 (3) 0.59049 (11) 0.0139 (4)
C4 0.49993 (17) 1.4411 (3) 0.62991 (13) 0.0208 (5)
H4 0.553913 1.533414 0.626970 0.025*
C12 0.21305 (17) −0.1773 (3) 0.32321 (13) 0.0199 (5)
H12 0.254784 −0.243387 0.294303 0.024*
C14 0.05956 (16) −0.1731 (3) 0.37025 (13) 0.0178 (4)
H14 −0.003263 −0.235813 0.372947 0.021*
C3 0.43652 (17) 1.4872 (3) 0.67971 (13) 0.0200 (5)
H3A 0.448160 1.611081 0.709576 0.024*
C2 0.35797 (17) 1.3570 (3) 0.68620 (12) 0.0196 (5)
H2A 0.315825 1.387679 0.720416 0.023*
C1 0.34260 (16) 1.1782 (3) 0.64059 (12) 0.0158 (4)
C7 0.30166 (16) 0.8612 (3) 0.56641 (12) 0.0144 (4)
C15 0.09165 (17) 0.0100 (3) 0.40956 (13) 0.0185 (4)
H15 0.050806 0.072576 0.439944 0.022*
C5 0.48474 (16) 1.2633 (3) 0.58523 (12) 0.0179 (4)
H5 0.527660 1.232504 0.551582 0.021*

Atomic displacement parameters (Å2) 

U11 U22 U33 U12 U13 U23

Br1 0.02144 (12) 0.01489 (11) 0.01875 (12) −0.00221 (8) 0.00297 (8) −0.00376 (8)
S1 0.0190 (3) 0.0164 (2) 0.0168 (3) −0.0037 (2) 0.0090 (2) −0.0033 (2)
S2 0.0203 (3) 0.0227 (3) 0.0263 (3) −0.0068 (2) 0.0127 (2) −0.0073 (2)
O1 0.0163 (8) 0.0172 (7) 0.0223 (8) −0.0017 (6) 0.0071 (6) −0.0016 (6)
N3 0.0164 (9) 0.0160 (9) 0.0212 (10) −0.0064 (7) 0.0087 (8) −0.0048 (7)
N1 0.0149 (9) 0.0163 (8) 0.0154 (9) −0.0014 (7) 0.0036 (7) 0.0004 (7)
N2 0.0159 (9) 0.0147 (8) 0.0158 (9) −0.0021 (7) 0.0074 (7) −0.0038 (7)
C10 0.0162 (11) 0.0115 (10) 0.0150 (11) −0.0002 (8) 0.0020 (9) 0.0018 (8)
C11 0.0174 (11) 0.0187 (11) 0.0199 (11) −0.0035 (9) 0.0070 (9) −0.0006 (9)
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C8 0.0173 (11) 0.0165 (10) 0.0160 (11) −0.0008 (8) 0.0035 (9) 0.0001 (8)
C9 0.0150 (11) 0.0161 (10) 0.0136 (11) 0.0012 (8) 0.0014 (9) 0.0034 (8)
C13 0.0204 (12) 0.0114 (9) 0.0147 (11) −0.0012 (8) −0.0002 (9) −0.0008 (8)
C6 0.0139 (11) 0.0141 (10) 0.0123 (10) 0.0006 (8) 0.0004 (8) 0.0003 (8)
C4 0.0182 (12) 0.0189 (11) 0.0231 (12) −0.0050 (9) 0.0004 (9) 0.0008 (8)
C12 0.0209 (12) 0.0195 (11) 0.0210 (12) 0.0005 (9) 0.0086 (10) −0.0024 (9)
C14 0.0147 (11) 0.0166 (10) 0.0233 (12) −0.0020 (8) 0.0066 (9) 0.0003 (8)
C3 0.0231 (12) 0.0151 (10) 0.0185 (11) −0.0018 (9) −0.0016 (9) −0.0037 (8)
C2 0.0219 (12) 0.0198 (11) 0.0161 (11) 0.0002 (9) 0.0026 (9) −0.0021 (8)
C1 0.0158 (11) 0.0171 (10) 0.0142 (11) −0.0009 (8) 0.0029 (9) 0.0011 (8)
C7 0.0155 (11) 0.0152 (10) 0.0124 (10) −0.0002 (8) 0.0031 (8) 0.0013 (8)
C15 0.0187 (11) 0.0175 (10) 0.0210 (12) −0.0002 (9) 0.0081 (9) −0.0018 (9)
C5 0.0155 (11) 0.0184 (10) 0.0197 (11) −0.0024 (8) 0.0037 (9) −0.0008 (8)

Geometric parameters (Å, º) 

Br1—C13 1.894 (2) C11—C12 1.388 (3)
S1—C1 1.745 (2) C13—C12 1.380 (3)
S1—C7 1.751 (2) C13—C14 1.383 (3)
S2—C8 1.663 (2) C6—C1 1.403 (3)
O1—C9 1.220 (2) C6—C5 1.396 (3)
N3—H3 0.8800 C4—H4 0.9500
N3—C8 1.386 (3) C4—C3 1.406 (3)
N3—C9 1.383 (3) C4—C5 1.380 (3)
N1—C6 1.392 (3) C12—H12 0.9500
N1—C7 1.291 (3) C14—H14 0.9500
N2—H2 0.8800 C14—C15 1.386 (3)
N2—C8 1.335 (3) C3—H3A 0.9500
N2—C7 1.390 (3) C3—C2 1.376 (3)
C10—C11 1.391 (3) C2—H2A 0.9500
C10—C9 1.492 (3) C2—C1 1.395 (3)
C10—C15 1.394 (3) C15—H15 0.9500
C11—H11 0.9500 C5—H5 0.9500

C1—S1—C7 87.61 (9) C5—C4—H4 119.6
C8—N3—H3 115.6 C5—C4—C3 120.8 (2)
C9—N3—H3 115.6 C11—C12—H12 120.6
C9—N3—C8 128.78 (18) C13—C12—C11 118.89 (19)
C7—N1—C6 109.74 (17) C13—C12—H12 120.6
C8—N2—H2 115.6 C13—C14—H14 120.6
C8—N2—C7 128.81 (17) C13—C14—C15 118.80 (19)
C7—N2—H2 115.6 C15—C14—H14 120.6
C11—C10—C9 116.96 (18) C4—C3—H3A 119.3
C11—C10—C15 119.18 (19) C2—C3—C4 121.5 (2)
C15—C10—C9 123.85 (18) C2—C3—H3A 119.3
C10—C11—H11 119.7 C3—C2—H2A 121.3
C12—C11—C10 120.6 (2) C3—C2—C1 117.4 (2)
C12—C11—H11 119.7 C1—C2—H2A 121.3
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N3—C8—S2 118.68 (15) C6—C1—S1 110.00 (15)
N2—C8—S2 125.92 (16) C2—C1—S1 128.16 (16)
N2—C8—N3 115.40 (17) C2—C1—C6 121.83 (19)
O1—C9—N3 121.88 (19) N1—C7—S1 117.69 (15)
O1—C9—C10 122.19 (18) N1—C7—N2 118.04 (18)
N3—C9—C10 115.92 (18) N2—C7—S1 124.26 (15)
C12—C13—Br1 119.98 (16) C10—C15—H15 119.7
C12—C13—C14 121.79 (19) C14—C15—C10 120.69 (19)
C14—C13—Br1 118.22 (16) C14—C15—H15 119.7
N1—C6—C1 114.95 (18) C6—C5—H5 120.7
N1—C6—C5 125.29 (18) C4—C5—C6 118.65 (19)
C5—C6—C1 119.76 (18) C4—C5—H5 120.7
C3—C4—H4 119.6

Br1—C13—C12—C11 176.90 (16) C12—C13—C14—C15 1.1 (3)
Br1—C13—C14—C15 −177.46 (16) C14—C13—C12—C11 −1.7 (3)
N1—C6—C1—S1 −0.6 (2) C3—C4—C5—C6 0.0 (3)
N1—C6—C1—C2 179.95 (19) C3—C2—C1—S1 −178.55 (17)
N1—C6—C5—C4 179.7 (2) C3—C2—C1—C6 0.8 (3)
C10—C11—C12—C13 0.4 (3) C1—S1—C7—N1 0.05 (18)
C11—C10—C9—O1 5.2 (3) C1—S1—C7—N2 −178.98 (19)
C11—C10—C9—N3 −174.74 (18) C1—C6—C5—C4 0.0 (3)
C11—C10—C15—C14 −2.0 (3) C7—S1—C1—C6 0.32 (16)
C8—N3—C9—O1 −4.8 (3) C7—S1—C1—C2 179.7 (2)
C8—N3—C9—C10 175.1 (2) C7—N1—C6—C1 0.7 (3)
C8—N2—C7—S1 1.2 (3) C7—N1—C6—C5 −179.1 (2)
C8—N2—C7—N1 −177.8 (2) C7—N2—C8—S2 −2.1 (3)
C9—N3—C8—S2 −173.64 (17) C7—N2—C8—N3 178.90 (19)
C9—N3—C8—N2 5.5 (3) C15—C10—C11—C12 1.5 (3)
C9—C10—C11—C12 −177.60 (19) C15—C10—C9—O1 −173.8 (2)
C9—C10—C15—C14 177.0 (2) C15—C10—C9—N3 6.2 (3)
C13—C14—C15—C10 0.7 (3) C5—C6—C1—S1 179.10 (16)
C6—N1—C7—S1 −0.4 (2) C5—C6—C1—C2 −0.3 (3)
C6—N1—C7—N2 178.69 (17) C5—C4—C3—C2 0.5 (3)
C4—C3—C2—C1 −0.8 (3)

Hydrogen-bond geometry (Å, º) 

D—H···A D—H H···A D···A D—H···A

N3—H3···S2i 0.88 2.96 3.6102 (19) 132
N2—H2···O1 0.88 1.90 2.633 (2) 139
C14—H14···S2ii 0.95 2.95 3.779 (2) 146
C2—H2A···S1iii 0.95 3.00 3.908 (2) 161
C5—H5···N1iv 0.95 2.68 3.604 (3) 165

Symmetry codes: (i) −x, −y+1, −z+1; (ii) −x, −y, −z+1; (iii) −x+1/2, y+1/2, −z+3/2; (iv) −x+1, −y+2, −z+1.


