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BISPHOSPHONATES. VI. METHYLENEBISPHOSPHONIC ACID 
PARTIAL ESTERS AND AMIDES 

E. POHJALA", H. NUPPONENa', J. VEPSALAINENb, 
H. NIKANDER", AND M-L. HEIKKILA-HOIKKAa2 
aLeiras Oy, IP.O.Box 33, SF-33721 Tampere, ,P.O.Box 
415, SF-20101, Turku, Finland. bUniversity of Kuopio, 
P.O.Box 1627, SF-70211 Kuopio, Finland 

Abstract Syntheses and properties of various partial 
esters and amides 2-5 of some established methylene- 
bisphosphonic acids 1 have been examined. 

INTRODUCTION 

Methylenebisphosphonates (MBP), characterized by a stabile 
P-C-P moiety (Table 11, are synthetic analogues of natural 
pyrophosphate. MBP tetraacids 1 (MBPA) bind strongly to 
hydroxyapatite (HA) and inhibit effectively the formation 
and dissolution of crystals of HA. Up to 50 % of a given 
dose of MBPA is taken up by the skeleton. The rest is 
excreted within hours in the urine. The half-life in bone 
is very long, one year or m0re.l 

TABLE 1 MBPA and partial derivatives 

MBPA Q1 Q2 S truc tur es Type f OH, - OH 
A Clodronate C1 C1 1 -  21-4 

B Etidronate OH CH, O,, /zl 2 Mono Z1 Z 2 - 4  
C Tiludronate H 4-CIPhS Q1 ',Z2 3 Asym.Di Z 1 * ,  Z 3 r 4  

E Alendronate OH (CH,),NH, o ' \ z 4  5 Tri 
F Risedronate OH 3-PyCH2 6 Tetra Z1-4 

21-3 24 
D Pamidronate OH (CH,),NH, Q2,p,Z3 x 4 Sym Di Z113 Z2*4 

Zn = NRR' or OR; R,R '  = H, C,H, 

MBPA inhibit the osteoclastic bone resorption via 
physicochemical interaction with bone mineral and via bio- 
chemical effects on cellular metabolism. Their properties 
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vary greatly from one MBPA to another. N o  clear structure- 
activity correlation has been found. Known MBPA (1) bind 
merely too tightly to bone. Some of them block mineraliza- 
tion causing dose-dependent side-effects. As very polar 
compounds they also suffer from a low bioavailability. 
Many MBPA are well tolerated with relatively few adverse 
events, specific for each. The clinical conditions of 
malignancy treated with MBPA include, e.g. osteolytic bone 
metastases, hypercalcemia, Paget' s disease and ectopic 
calcification. MBPA are further investigated for benign 
diseases, especially osteoporosis and arthritis. In 
general they reduce the pain, lesions and fractures 
associated and improve the quality of life of patients.' 

RESULTS AND DISCUSSION 

The P-C-P backbone of MBP allows variations either by 
changing the two groups (Q' and Q2) on the central carbon 
and/or those (Zl, Z2, Z3 and Z 4 )  on two phosphorus atoms. 
According to the literature about 3000 MBP have sofar been 
reported. A part of them have been biologically tested. 
Nearly all are MF3PA carrying different groups Q while only 
few partial derivatives (2-5) ( 2  # OH) of MBPA are known. 

SCHEME Stepwise cleavage of tetraesters of A 

A4 

A5 A 3  A2 
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BISPHOSPHONATES [ 42 1 I/ 16 1 

TABLE 2 Partial derivatives of MBPA 

21 22 2 3  2 4  Yielda 31P NMR 

A 

2a 
2b 
3a 
3b 
4a 
4b 
4c 
4d 
5a 
5b 
5c 
5d 

OH Z~ 
ONa 
ONa 
ONa 
O H ~ B ~  
O H ~ B ~  
ONa 
O H ~ B ~  
ONa 

ONMeBu 
ONa 
OMeP y 

ONa 
ONa 
ONa 
ONa 
OMe 
OEt 
OEt 
OiPr 
OMe 
OMe 
OEt 
OMe 

ONa 
ONa 
OEt 
OHex 
OH~B: 

ONa 
O H ~ B ~  
OMe 
OMe 
OEt 
OiPr 

OH2B 

OMe 
OiPr 
OEt 
OHex 
OMe 
OMe 
OEt 
OiPr 
OMe 
OMe 
OEt 
OiPr 

55 12.95 9.17 1 5 . 1  
80 10.95 9.54 16 .6  
4 1  16.27 7.20 16.0 
95 1 1 . 0 1  6.48 14.7 
95 9.70 ' 

84 10.03 8.74 15.5 
8 1  9.20 
83 7 .86  

090 16 .46  3.42 19 .6  
0100 15 .50  4.25 16.6 

-80  13.47 5.58 17.0 
080 11.12 4.85 17.3 

~ ~ ~ ~ ~ _ _ _ ~  ~~ ~~~ 

aIsolated, or from 31P NMR spectra. Based on 6 
bSeveral chromatographic or crystallization steps 
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Comoounds 
I n  o r d e r  t o  exp lo re  t h e  b i o l o g i c a l  p r o p e r t i e s  of  some new 
p a r t i a l  derivatives of MPBA t h e  esters and amides 2-5 wi th  
d e s i r e d  b e t t e r  abso rp t ion  and c o n t r o l l e d  a f f i n i t y  f o r  bone 
w i t h  p re se rved  r e s o r p t i o n  i n h i b i t i o n  were prepared .  Thus 
t he  selective c leavage  of tetraesters, -amides and -amide 
esters 6 t he i r  P-C-P backbone be ing  c o n s t r u c t e d  from 
s u i t a b l e  monophosphonic p a r t s  gave, e .g .  p a r t i a l  esters 
(=-AS) of  c lod rona te  (A) as d e p i c t e d  i n  Scheme. Reac t ions  
from te t raac id  A1 o r  -acid c h l o r i d e  and f u r t h e r  t r a n s -  
format ions  o f  =-A5 were a l s o  e x p l o i t e d .  P a r t i a l  amides 
and amide esters (A12-A’5) of A were ana logous ly  ob ta ined .  

Other p a r t i a l  a l k y l  es ters  2-5 syn thes i zed  i n  t h i s  
s tudy  were t h o s e  of o t h e r  MBPA a l r e a d y  c l i n i c a l l y  a p p l i e d  
(B, D) o r  i n  advanced r e s e a r c h  phase (C, El F), as  w e l l  as 

p a r t i a l  esters of a series of MBPA w i t h  re la ted Qland  Q 2 .  

Represen ta t ive  s t r u c t u r e s ,  y i e l d s  and 31P NMR data  f o r  
p a r t i a l  derivatives of A, A’, B and C are shown (Table 2 ) .  

P r o o e r t i e s  
Hydro ly t i c  c leavage  a p t i t u d e s  of t e t r a  compounds 6 and 
each subsequent p a r t i a l  d e r i v a t i v e  (2-5) were s u r p r i s i n g l y  
g r e a t l y  depending on d i f f e r e n c e s  i n  s u b s t i t u e n t s  Q and Z, 
t h e  best method f o r  each  group and combination vary ing .  

Phosphorus-31 NMR a t  1 0 1  MHz p rovided  a powerful 
means t o  fo l low t h e  p rogres s  of r e a c t i o n s  and t o  check t h e  
f i n a l  p u r i t y  of t h e  p roduc t s .  The s t r u c t u r e s ,  s u b s t i t u t i o n  
p a t t e r n  and n a t u r e  were obta ined  from coupled s p e c t r a .  

Mono d e r i v a t i v e s  2 complex s t i l l  w i t h  calcium b u t  
t h i s  be ing  reduced towards t h e  h ighe r  d e r i v a t i v e s  ( 3 - 5 ) .  

Binding t o  HA and i n h i b i t i o n  of  p r e c i p i t a t i o n  were not 
e s s e n t i a l  t o  r e s o r p t i o n  i n h i b i t i o n  i n  v i t r o  o r  i n  v ivo .  
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