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1 Introduction 
 

My doctoral work focused on the synthesis of α-hydroxymethylene-bisphosphonic acid 

derivatives. I joined in an ongoing research work, which is carried out in cooperation with 

Gedeon Richter. My doctoral work was carried out with Prof. György Keglevich and with 

consultants Dr. Alajos Grün and Dr. István Greiner at the Department of Organic Chemistry 

and Technology in Laboratory of Phosphorus-Chemistry. 

My task was studying the synthesis of some non-nitrogen containing dronates, such as 

etidronate, fenidronate and benzidronate. Furthermore we were studying also the synthesis of 

some nitrogen-containing dronates such as pamidronate, alendronate, ibandronate and also the 

synthesis of some heteroaryl-substituted dronates, such as risedronate and zoledronate. 

 

 
 

Dronates/dronic acids are important drugs in the treatment of osteoporosis and related 

illnesses, such as the Paget-disease, hypercalcemia and they are also effective drugs in bone 

oncology.  

On the one hand we wished to adapt the method, developed before at our Department and 

applying only phosphorus trichloride as the reagent for the preparation of other dronates. On 

the other hand we were studying the reactionmechanism of the synthesis of dronates starting 

from carboxylic acid. 
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2 Experimental methods 
 

The data of the yields and the purities are obtained from at least three parallel 

experiments. 

The dronate content of the samples was determined by potentiometric acid-base 

titrations on a Mettler DL77 potentiometric titrator. The titration was carried out with 0,1 M 

sodium-hydroxide solution. The purity was calculated from the mass of the sample mass and 

the consumption of the sodium-hydroxide solution. In all cases there were carried out three 

parallel measurements. 

The dronic acid/dronate samples were identified by 
31

P, 
13

C és 
1
H NMR and in some 

cases by LC-MS. The NMR spectras were obtained on a Bruker AV-300 spectrometer. MS 

was performed on an Agilent 1200-LC-MS instrument. To identify our samples we prepared 

the appropriate analytical pure dronate standards.  

The water content of the dronic acid/dronate samples was determined with TG and DSC 

measurements (on Setaram DSC92 instrument). 

3 Results 
 

The most widespread synthetic method for dronic acids/dronates involves the reaction of 

the suitably substituted acetic acid (or in the simplest cases acetic acid or benzoic acid) with 

phosphorus trichloride and phosphorous acid in different solvents 

According to the procedure, developed before at our Department, heteroaryl-substituted 

dronic acids, zoledronic acid and risedronic acid may be best prepared by the reaction of the 

corresponding heteroaryl-acetic acid with 3.2 equivalents of phosphorus trichloride in 

methanesulfonic acid (MSA) at 75 °C for 3 h followed by hydrolysis and pH adjustment by 

aqueous sodium hydroxide and, in the case of zoledronic acid, by recrystallization from 

aqueous HCl. We wished to see if this simplified synthesis is of general value. 

In our experiments, the formation of dronates (pamidronate (2a), alendronate (2b), 

ibandronate (2c), etidronate (2e), fenidronate (2f)) was tested applying phosphorous acid and 

phosphorus trichloride in different ratios in MSA at 75 °C. It was found that in these cases 

phosphorous trichloride is also the real reagent and there was no need to use of phosphorous 

acid. Dronates may be synthesized in a simplified way applying only 3.2 equivalents of 

phosphorus trichloride and fully omitting phosphorous acid in the reaction with the 

corresponding carboxylic acids at 75 °C for 12 h in MSA followed by hydrolysis and a 



Thesis 

3 

suitable work-up. We can say that we developed a general, effective method for the synthesis 

of donates. 

 

 

The main impurity of the crude products was MeSO3Na deriving from the reaction of 

MSA with NaOH. We worked out the suitable purification procedure in all cases. Our 

products were identified with 
31

P, 
13

C and 
1
H NMR spectroscopy. The dronate content of the 

samples was determined by potentiometric acid-base titrations and LC-MS. 

Synthesis of dronates applying phophorus-trichloride in methanesulfonic acid 

Dronate Purification 
Purity 

(%) 

Yield 

(%) 
Titration 

Pamidronate 

dihydrate 

(2a) 

digestion (MeOH), 

precipitation (pH=5,5-6), 

digestion (MeOH) 

99 57 monoNa→diNa 

Alendronate 

trihydrate 

(2b) 

recrystallization 

from H2O (pH=4,5) 
98 57 monoNa→triNa 

Ibandronate 

(2c) 

3x precipitation from 

H2O (with MeOH) 
99 46 monoNa→diNa 

Etidronate 

disodium 

(2d) 

2x precipitation from 

H2O, then 3x digestion 

(MeOH:H2O 94:6) 

90 36 diNa→triNa 

Fenidronate 

disodium 

(2e) 

2x precipitation from 

H2O, then 3x digestion 

(MeOH:H2O 94:6) 

>99 42 diNa→triNa 

 

It was shown that in MSA, starting from a carboxylic acid, only phosphorous trichloride 

is necessary as the reactant and its optimum quantity is 3.2 equivalent. Our idea was that 1 

equivalent of the phosphorus trichloride is needed to convert the carboxylic acids (1) to the 
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corresponding acid chlorides (3). These chlorides (3) can be one of the key intermediate of the 

synthesis. 

To prove this, risedronic acid (2f) was prepared via 3-pirydylacetyl-chlorid (3f) in a two-

step reaction using toluene as solvent. This experiment led to a modest yield, but the 

formation of risedronic acid (2f) in the reactions can be regarded as an evidence for the 

intermediacy of 3-pyridylacetyl chloride (3f). The 3-pyridylacetyl chloride (3f) was identified 

by converting them into esters and amides. 

In all cases the two-step procedure was also carried out using 1.1 equivalent of 

phosphorus trichloride or thionyl chloride or triphosgene in the first step, then following the 

synthesis of dronates applying 2.2 equivalents of phosphorus trichloride as above. It was 

found that in MSA it is also possible to form a mixed anhydride RC(O)O(O)2SMe 4, either by 

the reaction of acid chloride (3) with MSA, or by the reaction of carboxylic acid (1) with 

methanesulfonyl chloride formed „in situ” in the mixture. 

 

 

 

To avoid the formation of MeSO3Na ballast at the pH adjustment we tried to replace the 

MSA with other solvent. Therefore we were studying the synthesis of pamidronate (2a) in 

sulfolane and 1,4- dioxane and we were also interested in exploring further mechanistic 

details. This is the first case that the role of the solvent was pointed out in the selection of the 

suitable set of the P-reagents and in the course of the reaction. The optimized syntheses may 

afford pamidronic acid (2a) in a yield of 63% in sulfolane and in a yield of 31% in dioxane or 

sodium pamidronate dihydrate (2a) in a yield of 57%. Both products were obtained in a pure 

form. In the context of literature data, our yields are reasonable. A novel mechanisms was 

suggested on the basis of the optimum set and molar ratio of the P-reactants. While in MSA, 

Cl2P-O–S(O)2Me 5 may be the P-nucleophile (route A), then in sulfolane, 
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(HO)2P-O-PCl-O-P(OH)2 9 or (HO)2P–O–PCl2 12 may be the active species reacting further 

with the first acid chloride intermediate (3a) (route B) whose presence was proved by a 

separate two-step syntheses. Our results provide a better understanding of the formation of 

dronates in the reaction of carboxylic acids and P-reagents and make possible to select the 

optimum conditions. 

 

A 

 

B 

 To broaden the sphere of dronates, we intended to study also the synthesis of 

benzidronate. According to the literature, benzidronate was mainly synthesized from α- 

oxophosphonates (obtained by the Arbuzov reaction) by the addition of the P-species (e.g. 

dimethyl phosphite or trimethylsilyl phosphite) on the carbonyl group followed by hydrolysis. 

Not much data can be found on the synthesis of benzidronate starting from phenylacetic acid 

and P-reagents, such as phosphorus trichloride and phosphorous acid. We studied the 

formation of benzidronate (that is the disodium salt of benzidronic acid) in the reaction of 

phenylacetic acid, phosphorus trichloride and phosphorous acid performed in methanesulfonic 

acid (MSA). The optimum set involved the use of 3 equivalents of phosphorus trichloride and 

1 equivalent of phosphorous acid at 85 °C. The favorable role of phosphorous acid in this 
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particular case, may be to form (HO)2P–O–PCl2 (12) as an active P-species toward mixed 

anhydride PhCH2C(O)OSO2Me as a possible intermediate as substantiated by our 

experimental data. We also found that in this case the predominant intermediate can be the 

mixed anhydride and not the phenylacetyl chloride. We can say that we developed an 

effective synthesis, which ensure the high yield of benzidronate. 

We were also studying the synthesis of risedronate (2f) and alendronate trihydrate (2b) 

applying with phosphorus oxychloride and phosphorous acid in MSA. It was recognized that 

the interaction of phosphorus oxychloride and phosphorous acid may lead to the formation of 

phosphorus trichloride. Our independent experiments confirmed that indeed this is the case. 

This is the first case that the reaction sequence starting from the corresponding substituted 

acetic acids and phosphorus oxychloride along with phosphorous acid as the P-reagents was 

interpreted. The 3:3 or 2:3 mixture of phosphorus oxychloride and phosphorous acid were 

found to be efficient reagents in the synthesis of risedronic acid and alendronate. According to 

our explanation, the real reagent may be phosphorus trichloride formed “in situ” from the 

other two P-reagents. 

4 Thesis 
 

1. We developed a general, effective method for the synthesis of donates. With this 

procedure we prepared pamidronate dihydrate, alendronate trihydrate, ibandronate, 

etidrinate and fenidronate. We found that dronates may be synthesized in a simplified 

way applying only 3.2 equivalents of phosphorus trichloride and fully omitting 

phosphorous acid in the reaction with the corresponding carboxylic acids in 

methanesulfonic acid followed by hydrolysis and a suitable work-up.[2-5] 

2. We worked out the suitable efficient purification procedure in all cases.[2-5] 

3. With accomplishment of two-step reactions using toluene as solvent we proved, that 

the first intermediates in the first step of the formation of dronic acids are the acid 

chlorides, formed by the reaction of carboxylic acid and phosphorous trichloride. The 

other intermediates are the RC(O)O(O)2SMe mixed anhydrides, formed either by the 

reaction of acid chloride with methanesulfonic acid, or by the reaction of carboxylic 

acid with methanesulfonyl chloride. In the first step of the synthesis this mixed 

anhydrides are the predominant intermediates and not the acid chlorides.[1,6] 
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4. We optimized the preparation of derivatives of pamidronic in different solvents. The 

optimized syntheses may afford sodium pamidronate dihydrate in methanesulfonic 

acid and pamidronic acid in sulfolane and in dioxane.[5] 

5. A novel mechanism was suggested on the basis of the optimum set and molar ratio of the 

P-reactants. While in sulfolane, (HO)2P-O-PCl-O-P(OH)2 or (HO)2P–O–PCl2 is the P-

nucleophile, then in methanesulfonic acid, Cl2P-O–S(O)2Me is the active species reacting 

further with the first acid chloride intermediate. According to this we modified the 

mechanism at the synthesis applying methanesulfonic acid as the solvent and we 

suggested a new route at the synthesis applying sulfolane as the solvent.[5] 

6. We developed an effective synthesis, which ensure the high yield of benzidronate. The 

optimum set involved the use of 3 equivalents of phosphorus trichloride and 1 

equivalent of phosphorous acid. This is an excellent result in synthesis of dronates. The 

favorable role of phosphorous acid in this particular case, is due to form (HO)2P-O–PCl2 

as an active P-species toward mixed anhydride PhCH2C(O)OSO2Me as a possible 

intermediate as substantiated by our experimental data.[6] 

7. Regarding the synthesis of risedronate and alendronate applying phosphorus 

oxychloride and phosphorous acid, the 3:3 or 2:3 mixture of phosphorus oxychloride 

and phosphorous acid were found to be efficient reagents. According to our 

explanation, the real reagent may be phosphorus trichloride formed “in situ” from the 

other two P-reagents. This is the first case that the reaction sequence starting from the 

corresponding substituted acetic acids and phosphorus oxychloride along with 

phosphorous acid as the P-reagents was interpreted.[7] 

5 Possibilities of application 
 

I have mentioned in the introduction, that dronates/dronic acids are important drugs in the 

treatment of osteoporosis and related illnesses, such as the Paget-disease, hypercalcemia and 

they are also effective drugs in bone oncology. In Hungary these compounds are prepared in 

Richter Gedeon Pharmaceutical Factory. Considering that this compounds have great 

important in pharmaceutical industry, it is a significant result, that we developed a general, 

effective method for the synthesis of them. Suggesting a novel reactionmechanism we provide 

a better understanding of the formation of dronates in the reaction of carboxylic acids and 

P-reagents and make possible to select the optimum conditions. 
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