
Review of the PhD thesis of Mgr. Silvie Vrbkové with the title  

 

Synthesis of acyclic nucleoside bisphosphonates 
 

PhD thesis of Mgr. Silvie Vrbkové is directed towards the area of novel types of 

nucleoside phosphonic acids. This still “hot topic” has been successfully solved in Prof. 

Holy’s laboratory. The effort invested into the synthesis and biological evaluation of 

nucleoside phosphonic acids has brought excellent results; several compounds are in the 

clinical use as efficient drugs for treatment of serious viral diseases.  

 

With my great pleasure I have to say that the PhD thesis of Mgr. Silvie Vrbkové are one 

of the best doctoral thesis which I have ever red and reviewed. She leaves nothing to 

chance and whole work is very carefully worked-up. Very clearly written Theoretical part 

full of the facts and references together with the straightforward chemistry in the 

Experimental part form unique entity. I am fully satisfied with the extent and quality of 

the experimental work which would rather correspond, by the way, to two doctoral 

theses.  

Concerning the Introduction of the thesis, I was a little bit surprised and confused too 

since except of the common Introduction (Chapter 1), each of five experimental chapters 

which deal with the synthesis of individual nucleoside bis-phosphonic acids has its own 

Introduction. In this respect I would like to know which reasons have led Silvii to make it 

by this manner. I think that none of the prepared type of phosphonic acids is specifically 

directed towards a concrete target and, therefore, one common Introduction would be 

OK. It is true that each Introduction is full of facts and Silvie had to spend a lot of time 

with it but, anyway, I would prefer one common Introduction.    

 

I red carefully whole text and I would have several questions, short comments and a 

critique too. 

Thus,      

 

(1) Page 20. I would not like to control a grammar but the first sentence in chapter 1.2 

starting with “Phosphonate or phosphonic acids …..” is a little bit confusing. One could 

easily conclude that a phosphonate means C-P(O)(OH)2 whereas  the expression C-

P(O)(OR)2 means a phosphonic acid. 

 

(2) Some chemical expressions should be more precisely formulated. For instance, on the 

page 24 in chapter 2.1 -  “…5’-O-phosphonomethyl analogue of ribose…”. What does it 

mean? Could you comment it in short? Similarly on the page 26 –  “…. living group 

(tosyl, mesyl, iodine) ….”. In the context, the tosyl and mesyl moieties are not leaving 

groups. There should be tosyloxy and mesyloxy. 

 

(3) Page 27.  A part of the sentence in chapter 3.1 starting with “To our knowledge …..” 

is difficultly understandable, at least for me. To clarify the sentence, there could be, for 

instance, “… the asymmetric 2,3-bis-phosphonomethoxypropyl-adenine 5, a derivative of 

HPMPA 4, …” instead of  “… the asymmetric 3-phosphonomethyl ether 5 of HPMPA, 9-

[3-hydroxy-2-(phosphonomethoxy)propyl]adenine 4, …” 



 

(4) Page 30. I would understand that the alkylation of uracil and thymine with 

phosphonate synthon 13 containing a secondary tosyloxy group provided a low yield 

(about 15 %) of the desired 1-N-substituted derivatives 31a and 31b, resp., and traces of 

otherwise substituted pyrimidines. The question is why a synthon like 13 but with the 

mesyloxy moiety was not prepared? In this case you should probably obtain more 

reactive alkylating agent. (It is interesting that synthon 19 (page 54), one atom longer congener of 

synthon 13, already contains a primary mesyloxy group and not tosyloxy group!)    
In addition, the yield of 15 % supposes also the presence of some side products. The fact, 

that no substantial amount of otherwise substituted pyrimidine compounds was found, I 

would like to ask what was there? Unreacted pyrimidine and synthon 13? Please, could 

you comment it in more detail? 

 

(5) Experimental section (for each individual group of compounds) contains values of 

UV molar extinction coefficients for acyclic nucleoside phosphonic acids. It is not clear 

for me which molecular weight of the appropriate phosphonic acid was taken for the 

calculation of extinction coefficients; MW from FAB, or elemental analysis? Please, 

could you comment it? 

 

(6) Page 46. Chapter 3.4.3 – “A solution of thymine (0.5 g) …”   The number of mmol is 

missing. 

 

(7) Page 50. First and second sentences of the 2
nd

 paragraph (Chapter 4.1). In contrast to 

acyclovir and ganciclovir I am pretty sure that AHPA and (S)-DHPA do not belong to 

compounds, whose mechanism of action would depend on their phosphorylation. In 

addition, I think that these two latter compounds are not phosphorylated in in vivo. 

 

(8) Page 51. The sentence containing connection “… for treatment of cytomegalovirus 

(CMV) retinitis in HIV …”.  Much better would be the connection “… for treatment of 

CMV-induced retinitis in HIV …” 

 

(9) Page 56. Could you try to comment a relatively low yield of phosphonic acid 32 (Fig. 

4.7). In general, the final transesterification reaction of dialkyl phosphonates with 

bromotrimethylsilane treatment leads usually to almost quantitative yield of phosphonic 

acid. 

 

(10) Page 69. Figure 5.1. Chemical structures of Adefovir dipivoxil and Tenofovir 

diisoproxil are not correct. The appropriate corrections should be done. 

 

(11) Page 71. Figure 5.4. Hard to believe that the treatment of bis-[3-

(hexadecyloxy)propyl] tosyloxymethylphosphonate 6 with lithium azide (DMF, 100 
o
C, 

15 h)!! has led only to a selective removal of one ester group but not also to a 

nucleophilic  displacement of the tosyloxy moiety for azido one. Here I would expect 

more discussion! Do you have any explanation for this phenomenon?  

 

(12) Page 84. Paragraph starting “Alkylation of …” describes a possibility that the 

reaction mechanism could involve a formation of benzoyloxonium intermediate known 



from the sugar chemistry. I think that could not. The reasons for that are as follows: If it 

would be true a nucleophilic attack with a nucleobase should proceed equally on both 

stereocenters – C3 and C4 of the oxonium intermediate under formation of racemate 

(mixture of S,R and R,S diastereoisomers). It would mean that both enantiomeric 

synthons 7 (p.84, Fig. 6.3) and 16 (p.85, Fig. 6.4) would provide, after reaction with a 

nucleobase, an identical mixture of diastereoisomers. But the mirror CD spectra found for 

compounds 28a and 28b and other pairs synthesized from enantiomeric synthons 7 and 

16, and identity of compounds 24a (prepared from synthon 7 with participating benzoyl 

group) and 35 (prepared from synthon 33 with nonparticipating silyl group) exclude, 

therefore, the mechanism involving the formation of benzoyloxonium intermediate. In 

this respect, therefore, I do not understand the the sentence on the 5
th

 line from the 

bottom on the page 85: “Since only product was isolated the mechanism was not still 

certain”? Please, could you comment the proposed reaction mechanism?  

 

(13) Page 87. Figure 6.6. Structures III-V are incorrect. There has to be benzoyl group 

instead of the benzyloxycarbonyl one in compounds III and V. In addition, the 

intermediate IV has to contain benzoyloxonium moiety instead of the orthoester one. The 

appropriate corrections should be done. 

 

(14) Page 89. Chapter 6.3, last line. There are mentioned stereocenters C2 and C3. 

According to numbering of the molecule showed on the page 92, C2 is not but C4 is the 

stereocenter. 

 

(15) Concerning the prepared bis-phosphonic acids, I think that these compounds should 

be tested for their potential inhibition activity towards nucleoside phosphorylases, i.e., 

thymidine, uridine and purine nucleoside phosphorylases - synthesized bis-phosphonates 

could be bi-substrate inhibitors of the enzymes. 

 

(16) Why do you think that just substituted methylene bis-phosphonic acid derivatives 

containing a nucleobase could be compounds preventing osteoporosis?     

 

 

Despite of my criticism mentioned above, I am convinced that Silvie’s PhD thesis 

represents an excellent work. I would like to point out that Silvie demonstrated that she is 

truly professional. During her PhD study she acquired very good theoretical knowledge 

and outstanding experimental know-how.  

In addition, the PhD thesis is breakthrough indicating new areas in the chemistry of 

acyclic nucleoside phosphonic acids. I recommend unambiguously this PhD thesis for 

further processing. 

 

 

 

Prague 24.12.2007 

 

       Ivan Rosenberg, PhD.  

  


