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1. Spectroscopic Data 

         Phenylene-1,4-di(aminomethylenebisphosphonic) acid (1)  
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 Cyclohexane-1,3-di(aminomethylenebisphosphonic) acid (6) 

 



 

 
 

 



 

    (trans)-Cyclohexane-1,4-di(aminomethylenebisphosphonic) acid (7) 

 



 

 



 

  (1S,2S)-cyclohexane-1-amino-2-aminomethylenebisphosphonic acid [(1S,2S)-8] 

  



 

 



 

  (1R, 2R)-(-)Cyclohexane-1-amino-2-aminomethylenebisphosphonic acid [(1R,2R)-8] 
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 (±)-(trans)-Cyclohexane-1-amino-2-aminomethylenebisphosphonic 

acid (trans-8)    

 

 



 

 

 



 

 

 

 



   Racemic cyclohexane-1-amino-2-aminomethylenebisphosphonic acid [(rac)-8] 

 

 

 



 

 

 

 



  (1S,2S)-Cyclopentane-1-amino-2-aminomethylenebisphosphonic acid [(1S,2S)-9] 

 

 

 



 

 

 

 

 

 



(1S,2S)(+)- 4-Cyclohexene-1-amino-2-aminomethylenebisphosphonic acid [(1S,2S)-10] 

 

 

 



 

 

 

 
 



 (1R,2R)- 4-Cyclohexene-1-amino-2-aminomethylenebisphosphonic acid [(1R,2R)-10] 

 

 

 



 

 

 

 



 (±)-(trans)-4-Cyclohexene-1-amino-2-aminomethylenebisphosphonic acid 

[(trans)-10]  

 

 



 

 

 

 

 



  Piperaz-1,4-diylmethylenebisphosphonic acid (11) 

 

 

 

N

N

P(O)(OH)2(HO)2(O)P

P(O)(OH)2(HO)2(O)P



 

 

 

 



  Piperaz-1-ylmethylenebisphosphonic acid (12) 
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   2,5-trans-Dimethylpiperaz-1,4-diylmethylenebisphosphonic acid [(trans)-13] 
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  2,5-cis-Dimethylpiperaz-1,4-diylmethylenebisphosphonic acid [(cis)-13] 
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   2,6-cis-Dimethylpiperaz-1,4-diylmethylenebisphosphonic acid [(cis)-14] 
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   2,6-Dimethylpiperaz-1,4-diylmethylenebisphosphonic acid [(rac)-14] 
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    Heksylene-di(aminomethylenebisphosphonic acid) (16) 

 

 

H
N

N
H

(HO)2(O)P

P(O)(OH)2

P(O)(OH)2

P(O)(OH)2



 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  micture of 15 and17 
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Figure S1. Histology (Delafield staining) 

 

 

 

 

 

c 
b 

a 

 

Fragment of femur shaft. From left to right: (a) area 

of osteogenesis at periosteum side, (b) central 

area, (c) bone lamella at endosteum site. Arrow 

shows micropore resulting from osteoresorption. 



Figure S2. Examples of erosion bays  

    

Total hip of femour (magnification 200x)                                   Proximal tibial epiphysis (magnification 400x) 

Figure S3. Dysfunctional course of collagen fibres of tibia (magnification 600x) 

 

Figure S4. Bone repair (magnification 400x) 

 

(a) Femur, fragment of intensive reconstruction of bone issue. Arrows indicates multinuclar osteoclast. 

Osteoclasts are accompanied by angiogenic and ostogenic cells. (b) Tibial bone at endosteum site. Arrow 

indicates intensive formation of bone lamella. 
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