
 

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

 

   

   

     

́  ́ ́

  

   

    



  

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

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

      

    
      


  ́         

     

    ı́ ı́   ́  ı́ ́ 

 ı́ ı́            
  ı́    ́        

ı́  ̃     ̃    ̃    

 

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

        

     

  

   


   

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

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

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

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

            

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

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

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

   

  

   

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

    

        

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

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

       

   

         

       

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

        
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        

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

         

        

    ́  



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

       

      

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

        

         



     
  

        

     

        

  ́    

        

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

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

           

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

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

   ́     

        

        

        

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

 

  

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

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

     

    
         

         

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

          

          

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

        

        

        

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

  

        

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

        

          

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

         

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

       

        

         
          

         

      

          

        

  

       

       

         

           

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

          

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

          

        

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

           

 

   ́    


    

 
         

           
          
            

 
         
            



          

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

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

 

    
   

    
   

           

         

           

      

              

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

          

           

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

       

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

       


       

         

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

        

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

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

           
 

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

       

        

         

 
   

        

      

          
         

        

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

 

  

          

     

        

         

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

        

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


        

       

        

     
 

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

        



   

          

         

       

        

           

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

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

          

       

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

        

          

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

     

      

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

        

      

       

         

 

    ́    


   

 
       
         
  

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

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

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


  ;þ 


; þ 


    ; ;  

 þ ; ; 



           

        

         

      

          

            

          

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

         

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

        

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

       

         

          

        

       

         

          

        

        

         

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

         

         

          

         

          

       

         

         

        

       

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

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

    

      

 

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

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

        

         

          

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

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

         

           



       

       

      

 

        

  ı́  ́    

́         

         

        

 ı́  ́    



         
     

             
 

           
     

           
           
  

        
        
             
           


            
   

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

        
       

 

   ́    


    

 
 

 
  




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

 
    

 
     

 
   
    

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

 
  

 

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

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



     
   



             
     

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

́             
́          

́            
  

́              
  

           
   

           
   

             
            
        

        ı́      
        

             
 

́  ́   ́      


       
       
            
            
  

         
            
           
  

        

 

    ́    


   
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Supramolecular assembly of mebendazolium and dihydrogen phosphate ions in 

a new anthelmintic salt
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and Javier Ellena

Computing details 

5-Benzoyl-2-[(methoxycarbonyl)amino]-1H-1,3-benzodiazol-3-ium dihydrogen phosphate–phosphoric acid 

(1/1) 

Crystal data 

C16H14N3O3
+·H2O4P−·H3O4P

Mr = 491.28
Monoclinic, P21/c
a = 4.7217 (3) Å
b = 26.167 (2) Å
c = 16.7888 (12) Å
β = 98.082 (5)°
V = 2053.7 (3) Å3

Z = 4

F(000) = 1016
Dx = 1.589 Mg m−3

Cu Kα radiation, λ = 1.54178 Å
Cell parameters from 9651 reflections
θ = 3.2–72.3°
µ = 2.55 mm−1

T = 302 K
Prism, clear light colourless
0.18 × 0.07 × 0.03 mm

Data collection 

Bruker D8 VENTURE dual wavelength Mo/Cu 
diffractometer

Radiation source: microfocus sealed X-ray tube, 
Incoatec Iµs HB

Multilayer mirrors monochromator
Detector resolution: 7.39 pixels mm-1

ω and φ scans
Absorption correction: multi-scan 

(SADABS; Krause et al., 2015)

Tmin = 0.647, Tmax = 0.754
30433 measured reflections
4094 independent reflections
3363 reflections with I > 2σ(I)
Rint = 0.076
θmax = 72.4°, θmin = 2.7°
h = −5→5
k = −32→31
l = −20→20

Refinement 

Refinement on F2

Least-squares matrix: full
R[F2 > 2σ(F2)] = 0.044
wR(F2) = 0.105
S = 1.06
4094 reflections
348 parameters
19 restraints
Primary atom site location: dual
Hydrogen site location: difference Fourier map

Only H-atom coordinates refined
w = 1/[σ2(Fo

2) + (0.0387P)2 + 1.4065P] 
where P = (Fo

2 + 2Fc
2)/3

(Δ/σ)max < 0.001
Δρmax = 0.29 e Å−3

Δρmin = −0.32 e Å−3

Extinction correction: SHELXL-2019/1 
(Sheldrick 2015b), 
Fc*=kFc[1+0.001xFc2λ3/sin(2θ)]-1/4

Extinction coefficient: 0.00153 (15)
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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.
Refinement. Refined as a 2-component twin. Single crystal X-ray diffraction data (φ scans and ω scans with κ and θ 
offsets) were collected on a Bruker D8 Venture κ-geometry diffractometer equipped with a Photon II CPAD detector and 
a IµS 3.0 Incoatec Cu Kα (λ = 1.54178 Å) microfocus source. A suitable crystal for the compound was chosen and 
mounted on a Kapton fiber with a MiTeGen MicroMount using immersion oil. The APEX 4 software was used for the 
unit cell determination and data collection (Bruker AXS Inc, 2021). The data reduction and global cell refinement were 
made using the Bruker SAINT+ software package (Bruker AXS Inc, 2019), and a multi-scan absorption correction was 
performed with SADABS (Krause et al., 2015). Using the Olex2 (Dolomanov et al., 2009) interface program to the 
SHELX suite, the structure was solved by the intrinsic phasing method implemented in ShelXT (Sheldrick, 2015b), 
allowing the location of most of the non-hydrogen atoms. The remaining non-hydrogen atoms were located from 
difference Fourier maps calculated from successive full-matrix least-squares refinement cycles on F2 with ShelXL 
(Sheldrick, 2015a) and refined using anisotropic displacement parameters.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å2)

x y z Uiso*/Ueq

P2 0.43419 (16) 0.27652 (3) 0.23599 (4) 0.03209 (18)
P1 0.81274 (16) 0.23835 (3) 0.50120 (4) 0.03376 (19)
O5 0.2739 (5) 0.31777 (8) 0.17736 (11) 0.0365 (5)
H5 0.205 (8) 0.3072 (13) 0.1312 (14) 0.055*
O6 0.6963 (4) 0.25750 (9) 0.20482 (12) 0.0418 (5)
O4 0.4896 (5) 0.30257 (9) 0.31664 (12) 0.0437 (5)
O10 1.0793 (4) 0.21012 (9) 0.53275 (12) 0.0411 (5)
O9 0.7150 (5) 0.27629 (8) 0.56206 (13) 0.0433 (5)
H9A 0.714 (10) 0.2646 (14) 0.6095 (14) 0.065*
O8 0.8674 (5) 0.26953 (10) 0.42774 (13) 0.0486 (6)
H8 0.726 (7) 0.2791 (15) 0.392 (2) 0.073*
O11 0.5673 (5) 0.20050 (9) 0.47561 (15) 0.0479 (6)
H11 0.412 (6) 0.2044 (16) 0.494 (2) 0.072*
O7 0.2289 (5) 0.23040 (9) 0.23605 (16) 0.0494 (6)
H7A 0.054 (5) 0.2366 (16) 0.239 (3) 0.074*
O2 0.4932 (6) 0.43652 (10) 0.20414 (14) 0.0556 (6)
O1 0.7119 (6) 0.39991 (10) 0.10761 (14) 0.0548 (6)
O3 0.6908 (6) 0.49929 (9) 0.63826 (14) 0.0555 (7)
N2 0.7646 (6) 0.42602 (10) 0.35453 (15) 0.0386 (6)
H2 0.617 (6) 0.4437 (12) 0.3285 (19) 0.046*
N3 1.1169 (6) 0.37031 (10) 0.36730 (16) 0.0408 (6)
H3 1.242 (7) 0.3475 (11) 0.353 (2) 0.049*
N1 0.8972 (6) 0.38874 (10) 0.23461 (16) 0.0413 (6)
H1 1.022 (7) 0.3686 (12) 0.216 (2) 0.050*
C2 0.6798 (8) 0.41106 (12) 0.18303 (19) 0.0422 (7)
C3 0.9242 (7) 0.39500 (12) 0.31555 (19) 0.0384 (7)
C5 1.0829 (7) 0.38557 (12) 0.44514 (18) 0.0375 (7)
C4 0.8619 (7) 0.42140 (11) 0.43686 (18) 0.0373 (7)
C9 0.7723 (7) 0.44463 (12) 0.5018 (2) 0.0417 (7)
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H9 0.616 (6) 0.4676 (11) 0.501 (2) 0.050*
C7 1.1270 (8) 0.39411 (13) 0.5865 (2) 0.0431 (7)
H7 1.233 (7) 0.3861 (13) 0.6386 (14) 0.052*
C6 1.2188 (7) 0.37141 (13) 0.5200 (2) 0.0435 (7)
H6 1.365 (6) 0.3460 (11) 0.528 (2) 0.052*
C8 0.9056 (7) 0.43107 (12) 0.57789 (19) 0.0400 (7)
C11 0.8572 (7) 0.43390 (12) 0.72951 (19) 0.0420 (7)
C10 0.8103 (7) 0.45728 (12) 0.64807 (19) 0.0418 (7)
C16 0.8251 (10) 0.38162 (13) 0.7409 (2) 0.0563 (10)
H16 0.761 (9) 0.3601 (13) 0.6951 (17) 0.068*
C13 0.9560 (12) 0.44489 (16) 0.8727 (2) 0.0694 (12)
H13 0.994 (10) 0.4680 (14) 0.9179 (19) 0.083*
C15 0.8548 (12) 0.36190 (15) 0.8181 (2) 0.0670 (12)
H15 0.821 (10) 0.3261 (8) 0.827 (3) 0.080*
C12 0.9165 (9) 0.46542 (14) 0.7965 (2) 0.0556 (10)
H12 0.930 (9) 0.5011 (8) 0.787 (2) 0.067*
C14 0.9251 (11) 0.39306 (16) 0.8836 (2) 0.0652 (12)
H14 0.944 (10) 0.3788 (15) 0.9370 (15) 0.078*
C1 0.4836 (12) 0.4184 (2) 0.0479 (3) 0.0725 (13)
H1A 0.296 (7) 0.408 (2) 0.061 (3) 0.109*
H1B 0.523 (12) 0.4067 (19) −0.0048 (18) 0.109*
H1C 0.495 (12) 0.4556 (8) 0.054 (3) 0.109*

Atomic displacement parameters (Å2) 

U11 U22 U33 U12 U13 U23

P2 0.0239 (4) 0.0416 (4) 0.0303 (4) 0.0020 (3) 0.0024 (3) 0.0008 (3)
P1 0.0265 (4) 0.0441 (4) 0.0302 (4) 0.0004 (3) 0.0022 (3) 0.0038 (3)
O5 0.0369 (11) 0.0417 (11) 0.0290 (10) 0.0030 (9) −0.0014 (9) −0.0010 (8)
O6 0.0257 (11) 0.0621 (14) 0.0380 (11) 0.0064 (10) 0.0057 (9) −0.0029 (10)
O4 0.0454 (13) 0.0566 (13) 0.0272 (10) 0.0116 (11) −0.0019 (9) −0.0038 (9)
O10 0.0295 (11) 0.0587 (13) 0.0348 (11) 0.0086 (10) 0.0029 (9) 0.0083 (9)
O9 0.0470 (13) 0.0449 (12) 0.0387 (11) 0.0064 (10) 0.0082 (10) −0.0002 (9)
O8 0.0385 (13) 0.0701 (15) 0.0361 (12) −0.0018 (12) 0.0013 (9) 0.0203 (11)
O11 0.0290 (12) 0.0548 (14) 0.0613 (15) −0.0072 (10) 0.0111 (11) −0.0141 (11)
O7 0.0294 (12) 0.0437 (12) 0.0744 (16) −0.0031 (10) 0.0047 (11) 0.0111 (11)
O2 0.0539 (16) 0.0607 (15) 0.0509 (14) 0.0188 (13) 0.0026 (12) −0.0070 (12)
O1 0.0538 (15) 0.0708 (16) 0.0403 (13) 0.0102 (13) 0.0080 (11) 0.0001 (11)
O3 0.0720 (18) 0.0470 (13) 0.0474 (13) 0.0184 (13) 0.0077 (13) −0.0015 (10)
N2 0.0352 (15) 0.0418 (14) 0.0391 (14) 0.0089 (11) 0.0061 (11) −0.0013 (11)
N3 0.0354 (15) 0.0442 (15) 0.0434 (15) 0.0087 (12) 0.0077 (12) −0.0018 (12)
N1 0.0404 (16) 0.0458 (15) 0.0388 (14) 0.0064 (12) 0.0096 (12) −0.0027 (11)
C2 0.0442 (19) 0.0423 (17) 0.0412 (17) 0.0010 (15) 0.0098 (15) −0.0005 (13)
C3 0.0347 (17) 0.0396 (16) 0.0419 (17) −0.0012 (13) 0.0081 (13) −0.0035 (13)
C5 0.0353 (17) 0.0396 (16) 0.0387 (16) 0.0023 (13) 0.0092 (13) −0.0013 (12)
C4 0.0368 (17) 0.0372 (15) 0.0376 (16) 0.0037 (13) 0.0040 (13) 0.0000 (12)
C9 0.0429 (19) 0.0389 (16) 0.0438 (17) 0.0101 (14) 0.0076 (14) −0.0011 (14)
C7 0.0413 (19) 0.0462 (17) 0.0408 (17) 0.0070 (15) 0.0021 (14) 0.0022 (14)



supporting information

sup-4Acta Cryst. (2025). E81   

C6 0.0366 (18) 0.0449 (17) 0.0487 (19) 0.0088 (14) 0.0050 (15) 0.0017 (14)
C8 0.0416 (19) 0.0366 (15) 0.0423 (17) 0.0032 (13) 0.0071 (14) −0.0019 (13)
C11 0.047 (2) 0.0396 (16) 0.0391 (17) 0.0048 (14) 0.0068 (14) 0.0006 (13)
C10 0.046 (2) 0.0373 (16) 0.0417 (17) 0.0057 (14) 0.0038 (14) −0.0026 (13)
C16 0.077 (3) 0.0429 (19) 0.049 (2) −0.0025 (18) 0.011 (2) 0.0005 (15)
C13 0.102 (4) 0.058 (2) 0.046 (2) −0.002 (2) 0.002 (2) −0.0045 (18)
C15 0.100 (4) 0.050 (2) 0.055 (2) 0.001 (2) 0.023 (2) 0.0097 (18)
C12 0.072 (3) 0.0444 (19) 0.048 (2) 0.0001 (18) 0.0008 (18) −0.0010 (16)
C14 0.090 (3) 0.062 (2) 0.045 (2) 0.009 (2) 0.012 (2) 0.0082 (18)
C1 0.079 (3) 0.089 (3) 0.046 (2) 0.021 (3) 0.000 (2) 0.004 (2)

Geometric parameters (Å, º) 

P2—O5 1.580 (2) C5—C4 1.395 (4)
P2—O6 1.495 (2) C5—C6 1.379 (4)
P2—O4 1.506 (2) C4—C9 1.366 (4)
P2—O7 1.548 (2) C9—H9 0.950 (19)
P1—O10 1.491 (2) C9—C8 1.389 (4)
P1—O9 1.541 (2) C7—H7 0.968 (18)
P1—O8 1.531 (2) C7—C6 1.386 (5)
P1—O11 1.539 (2) C7—C8 1.417 (4)
O5—H5 0.843 (18) C6—H6 0.956 (19)
O9—H9A 0.854 (19) C8—C10 1.487 (4)
O8—H8 0.869 (19) C11—C10 1.486 (4)
O11—H11 0.842 (19) C11—C16 1.393 (5)
O7—H7A 0.851 (19) C11—C12 1.391 (5)
O2—C2 1.197 (4) C16—H16 0.966 (19)
O1—C2 1.329 (4) C16—C15 1.384 (5)
O1—C1 1.448 (5) C13—H13 0.966 (19)
O3—C10 1.236 (4) C13—C12 1.376 (5)
N2—H2 0.899 (18) C13—C14 1.379 (6)
N2—C3 1.339 (4) C15—H15 0.965 (19)
N2—C4 1.399 (4) C15—C14 1.371 (6)
N3—H3 0.897 (19) C12—H12 0.952 (19)
N3—C3 1.333 (4) C14—H14 0.964 (19)
N3—C5 1.397 (4) C1—H1A 0.98 (2)
N1—H1 0.879 (19) C1—H1B 0.98 (2)
N1—C2 1.377 (4) C1—H1C 0.98 (2)
N1—C3 1.357 (4)

O6—P2—O5 110.91 (12) C4—C9—H9 127 (2)
O6—P2—O4 114.70 (13) C4—C9—C8 118.0 (3)
O6—P2—O7 106.86 (13) C8—C9—H9 115 (2)
O4—P2—O5 104.97 (12) C6—C7—H7 117 (2)
O4—P2—O7 112.45 (14) C6—C7—C8 121.4 (3)
O7—P2—O5 106.72 (12) C8—C7—H7 121 (2)
O10—P1—O9 113.59 (13) C5—C6—C7 117.4 (3)
O10—P1—O8 108.71 (13) C5—C6—H6 123 (2)
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O10—P1—O11 110.19 (14) C7—C6—H6 119 (2)
O8—P1—O9 106.93 (14) C9—C8—C7 120.0 (3)
O8—P1—O11 108.89 (14) C9—C8—C10 117.6 (3)
O11—P1—O9 108.40 (13) C7—C8—C10 122.4 (3)
P2—O5—H5 116 (3) C16—C11—C10 121.7 (3)
P1—O9—H9A 115 (3) C12—C11—C10 119.1 (3)
P1—O8—H8 121 (3) C12—C11—C16 119.0 (3)
P1—O11—H11 118 (3) O3—C10—C8 119.2 (3)
P2—O7—H7A 118 (3) O3—C10—C11 119.7 (3)
C2—O1—C1 114.4 (3) C11—C10—C8 121.1 (3)
C3—N2—H2 122 (2) C11—C16—H16 119 (2)
C3—N2—C4 107.5 (3) C15—C16—C11 119.7 (4)
C4—N2—H2 130 (2) C15—C16—H16 120 (2)
C3—N3—H3 124 (2) C12—C13—H13 118 (3)
C3—N3—C5 108.3 (3) C12—C13—C14 120.3 (4)
C5—N3—H3 128 (2) C14—C13—H13 121 (3)
C2—N1—H1 121 (2) C16—C15—H15 120 (3)
C3—N1—H1 117 (2) C14—C15—C16 120.7 (4)
C3—N1—C2 122.4 (3) C14—C15—H15 119 (3)
O2—C2—O1 126.3 (3) C11—C12—H12 117 (2)
O2—C2—N1 124.4 (3) C13—C12—C11 120.4 (3)
O1—C2—N1 109.3 (3) C13—C12—H12 123 (2)
N2—C3—N1 125.6 (3) C13—C14—H14 120 (3)
N3—C3—N2 110.8 (3) C15—C14—C13 119.8 (4)
N3—C3—N1 123.6 (3) C15—C14—H14 120 (3)
C4—C5—N3 106.4 (3) O1—C1—H1A 111 (3)
C6—C5—N3 132.5 (3) O1—C1—H1B 108 (3)
C6—C5—C4 121.1 (3) O1—C1—H1C 104 (3)
C5—C4—N2 107.1 (3) H1A—C1—H1B 114 (5)
C9—C4—N2 130.9 (3) H1A—C1—H1C 107 (5)
C9—C4—C5 122.1 (3) H1B—C1—H1C 113 (4)

N2—C4—C9—C8 177.9 (3) C7—C8—C10—O3 156.5 (3)
N3—C5—C4—N2 1.2 (3) C7—C8—C10—C11 −23.3 (5)
N3—C5—C4—C9 −179.7 (3) C6—C5—C4—N2 −178.1 (3)
N3—C5—C6—C7 −179.0 (3) C6—C5—C4—C9 1.0 (5)
C2—N1—C3—N2 −5.9 (5) C6—C7—C8—C9 1.1 (5)
C2—N1—C3—N3 173.8 (3) C6—C7—C8—C10 −177.8 (3)
C3—N2—C4—C5 −1.1 (3) C8—C7—C6—C5 −1.1 (5)
C3—N2—C4—C9 180.0 (3) C11—C16—C15—C14 −2.2 (8)
C3—N3—C5—C4 −0.9 (4) C10—C11—C16—C15 −176.3 (4)
C3—N3—C5—C6 178.3 (4) C10—C11—C12—C13 178.9 (4)
C3—N1—C2—O2 −2.0 (5) C16—C11—C10—O3 141.1 (4)
C3—N1—C2—O1 177.9 (3) C16—C11—C10—C8 −39.1 (5)
C5—N3—C3—N2 0.3 (4) C16—C11—C12—C13 3.0 (7)
C5—N3—C3—N1 −179.5 (3) C16—C15—C14—C13 2.5 (8)
C5—C4—C9—C8 −0.9 (5) C12—C11—C10—O3 −34.6 (5)
C4—N2—C3—N3 0.5 (4) C12—C11—C10—C8 145.2 (4)
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C4—N2—C3—N1 −179.7 (3) C12—C11—C16—C15 −0.6 (6)
C4—C5—C6—C7 0.1 (5) C12—C13—C14—C15 0.0 (8)
C4—C9—C8—C7 −0.1 (5) C14—C13—C12—C11 −2.8 (8)
C4—C9—C8—C10 178.9 (3) C1—O1—C2—O2 −4.3 (6)
C9—C8—C10—O3 −22.4 (5) C1—O1—C2—N1 175.9 (3)
C9—C8—C10—C11 157.8 (3)

Hydrogen-bond geometry (Å, º) 

D—H···A D—H H···A D···A D—H···A

O5—H5···O10i 0.84 (2) 1.74 (2) 2.578 (3) 175 (4)
O9—H9A···O6ii 0.85 (2) 1.72 (2) 2.568 (3) 177 (5)
O8—H8···O4 0.87 (2) 1.68 (2) 2.544 (3) 171 (4)
O11—H11···O10iii 0.84 (2) 1.79 (2) 2.629 (3) 178 (4)
O7—H7A···O6iii 0.85 (2) 1.79 (2) 2.594 (3) 157 (4)
N2—H2···O2 0.90 (2) 2.10 (3) 2.680 (4) 122 (3)
N3—H3···O4iv 0.90 (2) 1.82 (2) 2.717 (3) 177 (3)
N1—H1···O5iv 0.88 (2) 1.96 (2) 2.831 (3) 174 (3)

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


