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NEW BISPHOSPHONATES, SYNTHESIS AND REACTIONS 

H. GROSS, S .  OZEGOWSKI, S. HAUSSDOHFER, I. KEIThL, 
M. SCHNELL and B. COSTISELLA 
Zentralinstitut fur Organische Chernie der Akadernie 
der Wissenschaften der DDH, Rudower Chaussee 5 ,  
Berlin, 1199-DCR 

Abstract The synthesis and reactions of new bis- 
phosphonates with different substituents in d-posi- 
tion as well as a new type of trisphosphonate Eire 
described. 

Methanebisphosphonic acid and its derivatives are used 
as cornplexing agents, diagnostics and therapeutics and 
show interesting virustatic properties. For that reason 
we synthesized a number of  new bisphosphonates snd 
investigated their chemical properties. 
Pirst we prepared compounds with rigid structure of 
phosphonyl groups, e. Q .  1, starting from pyrocatechol- 
d ich lo ro rne thy lenee the r .  Compound ,2 wss prepared by 
cycloalkylation of methanebisphoephonate. 
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1 1 d 
Bisphosphonates 2 may have different substituents in 
&-position. First we tried to extend the procedure of 
converting arninopyridines with orthoformate and diethyl 
phosphite (DEP) into bisphosphonates . 
only aromatic arnines with electron-attracting groups 
gave the bisphosphonates 3, which allowed to change the 
functional groups. So the p-nitroderivative of 4 was 
reduced to the arnine and then with diethoxy-THF the 

As a result, 1 
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192 H. GROSS et al. 

pyrrolo derivative 2 was formed. The pyrrolo derivative ,6 

4 - 5 6 

we prepared from L. Maier's * 
nate. 

On treatment with triethyl phosphite (TEP) the 
c hloroforrntimidine 1 primarily formed via internal redox 

aminome t hane bi e phospho- 

,N:CHCI 
CI3C -cp 

CI 

F1 
,PIOR)? 

k 

0 F1 

il 0 0  

,FIOE t I 2  ,P(OEt)2 

'PiOE t I1 iEtO)& 'ciOEt)2 
- CIZCZCH-NZC - CI2C-CH-N-CH 

- 9 1s1 
reaction the phosphonate g, which is converted via 2 to 
the bisphoephonate LO. The last step is analogous to the 
rearrangement we observed wher, we tried to prepare the 
trisphosphonate 11 and isolated the bisphosphonate 2 
instead. 

iEtOl2k 
0 
1 12. 

Similar rearrangement or splitting off a phosphonyl- 
group took also place on other systems. Thus, the bis- 
phoephonate 3 prepared by W. Steglich3 
when treated with ammonia, while sodium ethoxide 
formed 2 and triethyl phosphate. 

formed 2 
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!/ 
,PlOEt)2 

!? 

6 8 

0 / PlOEtl2 
Ac-NH-CH2-PIOEt12 C- Ac-NH-CH - Ac-N 

\ 
‘P(OEtI2 CH2-PlOEtl2 

l3 I4 15 
When we tried to hydrolyse V. P. Kuchar’e trisphos- 

one phosphono group was removed, forming phonate lJ4 
the bisphosphonic acid 16. By N-methylation of lJ we 

R !/ R 

:(OH12 PIOEtI2 )(e PIOEtl2 
0 8 ii 
- 16 1z Ik 

rIOEtl2 / PIOH), y(OEt)z 
MQN-C\H - Mc2N-~-P10110Et)2 4 Me&-PlOXOEtl~ 

observed removal of one phosphonyl group to 3, if X- 
is a nucleophilic anion. AS a tosylate, 18 is stable, but 
dissolving it in ethanol affords trialkyl phosphate and 

9 

X O  0 

19 3 

,PlOEt)2 

Q \~lOEtl2 ‘rIOEt12 

13 
,PIOEtl2 

MeaN-CH - 18 - Me3N-CB 

the stable N-ylide 20, which we previously prepared by 
deprotonation of 3. 
Special structural requirements allow Arbusov-reactions 
with normally unreactive ol-halobenzylphosphonates:  the 
p-hydroxyphenylmethenephosphonate 2 with NBS and TEP 

gave the bisphosphonate 22. Hydrolysis of 22 yields 
different products depending on the method used; e. g. 
with hydrochloric acid the tert.-butyl groups are 
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194 H. GROSS e t  al .  

removed, forming  t h e  4-hydroxyphenylmethanebisphosphonic 
a c i d  a, which can be f u r t h e r  s u b s t i t u t e d  i n  t h e  aro- 
m a t i c  r i n g .  By o x i d a t i o n  of  t h e  phosphonate  2 o r  22 we 
prepa red  t h e  quinonemeth ides  3 o r  3, r e s p e c t i v e l y .  

,PIOEtI2 H O P :  P(OEtI2 -P(OUOEt)2 op CH- F1 PlEtI2 .o:” EIOEtl2 0 8 kOEtl2 

26 - 25 - 24 - 
T r e a t i n g  24 w i t h  DEP, t h e  b i sphosphona te  22 was formed. 
S i m i l a r l y ,  3 was conver t ed  t o  t h e  t r i s p h o s p h o n a t e  26, 
a remarkably  s t a b l e  p r o d u c t ,  which i s  t h e  o n l y  known 
phosphonate  o f  t h i s  t ype .  
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