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Summary 

'H labeled rifamycin L 105, a potential new intestinal di- 

sinfectant, was synthesized according to the Wilzbach me- 

thod with the aim of performing radiopharmacological stu- 

dies. 

Keywords : 3H-2-Amino-4-rnethyl-pyridine, 3H-Rifamycin L 105, 

Tritiation Wilzbach method, Radio HPLC 

Introduction 

Rifamycins are well-known antibiotics very active on 

Gram-positive bacteria arid on mycobacteria through the 
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i n h i b i t i o n  of t h e  bac te r ia l  enzyme DNA-dependent RNA polyme- 

r a s e  . Many hundreds  o f  s e m i s y n t h e t i c  d e r i v a t i v e s  o f  

t h e  n a t u r a l  compounds have been p r e p a r e d  w i t h  t he  a i m  of 

i n c r e a s i n g  t h e i r  i n t r i n s i c  a c t i v i t y ,  o f  o b t a i n i n g  a wide r  

spectrum o f  a c t i o n ,  and o f  modifying t h e i r  pha rmacok ine t i c  

t h e r a p y :  t h e y  are r i f a m y c i n  S V 6 )  and r i f a m p i c i n 7 )  ( F i g .  1 ) .  

The f o r m e r ,  when a d m i n i s t r e d  p e r  o s ,  i s  r a p i d l y  e x c r e -  

t e d  w i t h  b i l e ,  and i t s  u s e  i s  t h e r e f o r e  l i m i t e d  t o  t h e  the-  

r a p y  of b i l i a r y  i n f e c t i o n s  and t o  t o p i c a l  a p p l i c a t i o n s .  The 

l a t t e r ,  i n s t e a d ,  i s  w e l l  a b s o r b e d  and r e p r e s e n t s  a d r u g  o f  

c h o i c e  i n  t h e  t h e r a p y  of  t u b e r c u l o s i s .  

1-3) 

Two of  t h e s e  compounds a r e  nowadays used  i n  

H3COCO 

OH OH 

0 

/?/famyon SV R = H 
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Ascorbic acid - 

Scheme 1 

A new r i f a m y c i n  h a s  been r e c e n t l y  p r e p a r e d  i n  t h e  l a b o r a -  

t o r i e s  of A l f a  R i c e r c h e ,  Bologna, and b e s i d e  b e i n g  a p o t e n t  

a n t i b a c t e r i a l  a g e n t ,  d i s p l a y s  t h e  p e c u l i a r  p h a r m a c o k i n e t i c  

b e h a v i o r  o f  n o t  unde rgo ing  b i l i a r y  e x c r e t i o n  and n o t  b e i n g  

a b s o r b e d  l i k e  t h e  o t h e r s .  T h i s  new compound, named rifarny- 

c i n  L 10S8) (4) (Scheme l), a p p e a r s  as a p r o m i s i n g  p o t e n -  

t i a l  i n t e s t i n a l  d i s i n f e c t a n t  and h a s  a l r e a d y  p r o v i d e d  v e r y  

good r e s u l t s  i n  p h a r m a c o l o g i c a l  and c l i n i c a l  t r i a l s .  

I n  o r d e r  t o  enhance t h e  s e n s i t i v i t y  o f  t h e  pha rmaco log ica l  

t e s t s  c a r r i e d  out; t o  d e t e r m i n e  t h e  e x t e n t  of a b s o r p t i o n  

o f  t h e  a n t i b i o t i c  i n  t h e  body,  i ts  l o c a l i z a t i o n  i n  t h e  

o r g a n s  and f l u i d s ,  and i t s  r e c o v e r y ,  r a d i o a c t i v e  r i f a m y c i n  

L 105 w a s  r e q u i r e d .  
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The choice of the labeling method 

In planning the preparation of labeled (4) several conside- 
rations had to be taken into account. In fact, a compound 

with high specific activity had to be prepared in the light 

of the known structure-activity relationships4' 5), bringing 

about as little modifications as possible and without affec- 

ting its pharmacological properties. The balance of these 

rationals lead to the choice of labeling with tritium the 

precursor of the benzo-imidazo moiety of the antibiotic, 

namely the 2-amino-4-methyl-pyridine (z), prior to its con- 
densation to 3-bromorifamycin S (1) (Scheme 1). 
In fact, any interfering modification induced by the labe- 

ling procedure merely yields by-products from which tritia- 

ted ( 2 )  can be easily separated. On the contrary, the 
direct labeling of ( 2 )  would yield a mixture of closely 
related products much more difficult to separate. In addi- 

tion, during the condensation reaction, no loss of activity 

from non-labile positions of the picoline occurs. Furthermo- 

re, first, the site of the rifamycin molecule at which the 

benzo-imidazo moiety is located, does not seem to be invol- 

ved in the inhibitory activity. Second, the net replacement 

of hydrogen with tritium should not vary, in principle, the 

pharmacologycal properties of a molecule. 

Therefore (2) was labeled with tritium according to the 
simple and rapid Wilzbach exposure method'), largely experi- 

mented on aromatic compounds . The labeled (1) was 
then reacted as outlined in Scheme 1 for the preparation of 

tritiated (4). 

10,ll) 

Synthesis and purification of 3H-2-amino-4-me thyl-pyri dine 

(2) __ 

Since our aim was to obtain a high radiochemical yield of 

an intermediate product and no specific labeling was requi- 

red, we chose to follow the charcoal absorption method re- 

ported by Evans'' as an efficient modification of Wilzba- 

ch procedure 9) 
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Fig. 2 

T h e r e f o r e ,  135 .29  mg ( 1 . 2 5  mmol) o f  ( z ) ( A l d r i c h )  were ground 

w i t h  325.73 mg o f  c h a r c o a l .  The r e s u l t i n g  powder w a s  

i n t r o d u c e d  i n t o  a Pyrex r e a c t i o n  v e s s e l  ( F i g .  2 )  t o  which 

an  a m p o u l e c o n t a i n i n g  2.60 C i  o f  t r i t i u m  g a s  (Amersham) w a s  

p r e v i o u s l y  s e a l e d  w i t h  seal-wax t h r o u g h  t h e  ground c o n i -  

c a l  j o i n t s  D and E .  The r e g i o n  between t h e  r e s t r i c t i o n  B 

and t h e  g r e a s e l e s s  j o i n t  A w a s  f i l l e d  w i t h  g l a s s w o o l .  The 

a p p a r a t u s  w a s  c o n n e c t e d  t h r o u g h  A t o  a h i g h  vacuum l i n e ,  

e v a c u a t e d ,  and s e a l e d  a t  B .  The f r a g i l e  p o i n t  G w a s  b roken  

by t h e  g l a s s  r o d  F by s h a k i n g  and t h e  v e s s e l  w a s  s t o r e d  

for 21 d a y s .  Now and t h e n  d u r i n g  t h i s  p e r i o d  t h e  v e s s e l  

w a s  shaken  manua l ly .  A f t e r w a r d s ,  t h e  v e s s e l  w a s  c o n n e c t e d  

t o  a h i g h  vacuum l i n e  t h r o u g h  t h e  g r e a s e l e s s  j o i n t  G ,  t h e  

f r a g i l e  p o i n t  H w a s  b roken  by t h e  i r o n  rod I d r i v e n  by an  

e x t e r n a l  magnet ,  and he l ium g a s  w a s  a d m i t t e d  i n t o  t h e  v e s -  

s e l .  The u n r e a c t e d  t r i t i u m  g a s  and he l ium were e v a c u a t e d  

by a T o e p l e r  pump. S e v e r a l  washings w i t h  he l ium were c a r -  

r i e d  o u t .  A t  t h e  e n d ,  a t  a t m o s p h e r i c  p r e s s u r e  t h e  v e s s e l  

w a s  d i s c o n n e c t e d  from t h e  vacuum l i n e .  b roken  i n s i d e  a bea-  
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ker, and washed w i t h  50 m l  o f  m e t h a n o l .  The o r g a n i c  s o l u -  

t i o n  w a s  s e p a r a t e d  f rom t h e  c h a r c o a l  powder by f i l t e r i n g  on 

C e l i t e ,  and  e l u t i n g  w i t h  m e t h a n o l .  The volume o f  t h e  f i n a l  

s o l u t i o n  w a s  200 ml. 

M e t h y l  a l c o h o l  w a s  chosen  as a s o l v e n t  b e c a u s e  of  i ts  hydro-  

xyl  hydrogens  which i n d u c e  hydrogen  i s o t o p e  exchange  w i t h  

t r i t i u m  a toms i n c o r p o r a t e d  i n  t h e  l a b i l e  p o s i t i o n s  o f  t h e  

p r o d u c t s  . T h e r e f o r e ,  i t  w a s  e x c p e c t e d  t h a t  t h e  r e c o v e r e d  

r a d i o a c t i v e  p r o d u c t s  were l a b e l e d  a t  t h e  p y r i d i n e  r i n g  and  

a t  t h e  methyl g roup  and  n o t  a t  t h e  amino g roup .  Methyl a l c o -  

hol was removed u n d e r  vacuum w i t h  a r o t a t o r y  e v a p o r a t o r ,  

and t,he r e s i d u e  was washed s e v e r a l  t imes w i t h  p o r t i o n s  of 

m e t h a n o l .  The f i n a l  s o l i d  w a s  d i s s o l v e d  w i t h  a c e t o n e  and  

p u r i f i e d  by column ch romatography  on 2 0  g S i l i c a  g e l  60 

( M e r c k ) ,  e l u t e d  w i t h  a c e t o n e .  The f r a c t i o n s  were a s s a y e d  by 

TLC on s i l i c a  g e l  and  by l i q u i d  s c i n t i l l a t i o n  c o u n t i n g .  The 

f r a c t i o n s  c o n t a i n i n g  r a d i o a c t i v e  (2) were c o l l e c t e d ,  and  

t h e  s o l v e n t  w a s  e v a p o r a t e d  y i e l d i n g  1 1 3 . 2 7  mg of  r a d i o a c t i -  

ve  ( 2 ) .  

12 j 

3 
a E t h e s i s  o f  ~ H - r i f ' a ~ ! , y c i r i  L 105(4) 

390.(? mg of  (1) ( 0 . 5  mmoles) ,  p r e p a r e d  a c c o r d i n g  t o  t h e  

l i t e r a t u r e ,  were d i s s o l v e d  i n  10 m l  o f  c h l o r o f o r m ,  and  

108.0 mg o f  t r i t i a t e d  ( 2 )  ( 1 . 0  mmoles) were added .  

The s o l u t i o n  was s t i r r e d  for two h o u r s  a t  room t e m p e r a t u r e ,  

t h e n  washed w i t h  0 .1  N h y d r o c h l o r i c  a c i d  and f i n a l l y  wit ,h 

w a t e r .  The o r g a n i c  phase  w a s  dried with a n h y d r o u s  sodium sul- 

p h a t e ,  f i l t e r e d  and  e v a p o r a t e d  u n d e r  vacuum. The r e m a i n i n g  

s o l i d  was p u r i f i e d  by columm chromatography  on 2 5  g o f  S i l i -  

c a  g e l  60 ( M e r c k )  e l u t e d  w i t h  c h l o r o f o r m - e t h y l  a c e t a t e  

( 1  :1). The f r a c t i o n s  were c o n t r o l l e d  by TLC and c o l l e c t e d  

a c c o r d i n g l y ;  300.0 mg o f  t r i t i a t e d  ( 2 )  i n  t h e  q u i n o n i c  form 

( 2 )  (Scheme 1 )  were r e c o v e r e d .  T h i s  compound w a s  d i s s o l v e d  

i n  4 ml o f  methanol and  1 ml o f  25% aqueous  s o l u t i o n  o f  
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a s c o r b i c  a c i d  w a s  added .  The m i x t u r e  was s t i r r e d  f o r  

f i f t e e n  m i n u t e s  a t  room t e m p e r a t u r e ,  t h e n  added w i t h  50 rnl 

o f  c h l o r o f o r m  and washed w i t h  b r i n e .  The o r g a n i c  phase w a s  

d r y e d  on anhydrous  sodium s u l p h a t e ,  f i l t e r e d  and e v a p o r a t e d  

unde r  vacuum t o  g i v e  258.21 mg o f  t r i t i a t e d  ( 4 ) .  

Chemical and r a d i o c h e m i c a l  p u r i t y  and  y i e l d  of ( 4 ) .  

The chemica l  and r a d i o c h e m i c a l  p u r i t y  o f  t r i t i a t e d  (4 )  w a s  

c o n t r o l l e d  by r a d i o  HPLC. 

A Perkin-Elmer 3 B  Chromatograph equ ipped  w i t h  a columm 

4 X 250 mm L i c h r o s o r b  RP8 1 0  p (Merck)  w a s  u s e d .  The e f -  

f l u e n t  from t h e  column f lowed  t h r o u g h  a U . V .  Perkin-Elmer 

LC 75 r e c o r d e r  w i t h  A u t o c o n t r o l ,  s e t  a t  289  nm f o r  mass 

a n a l y s i s ,  a n d ,  a f t e r w a r d s ,  t h r o u g h  a Packa rd  T R I - C A R B  RAM 

7500 s o l i d  s c i n t i l l a t i o n  chamber for r a d i o c h e m i c a l  a n a l y -  

s i s .  Dead volumes and c o n n e c t i n g  t u b e s  were r e d u c e d ,  s o  

t h a t ,  p r a c t i c a l l y ,  s i m u l t a n e o u s  r e c o r d s  o f  t h e  U . V .  and 

r a d i o c h e m i c a l  t r a c e s  o c c u r r e d .  

A t y p i c a l  chromatogram i s  p r e s e n t e d  i n  F i g .  3 .  The i d e n t i -  

f i c a t i o n  o f  r i f a m y c i n  t r i t i a t e d  (4)  w a s  e s t a b i l i s h e d  by t h e  

comparison o f  i t s  r e t e n t i o n  volume w i t h  t h a t  o f  a n  au then-  

t i c  sample and by t h e  a d d i t i o n  method. Fu r the rmore ,  U . V .  

s p e c t r a  ( F i g .  4 )  o f  t h e  ch romatograph ic  peaks  o f  l a b e l e d  

and u n l a b e l e d  (4) were r e c o r d e r e d  by s c a n n i n g  on t h e  peaks  

w i t h i n  t h e  r a n g e  200-600 nm i n  t h e  s t o p - f l o w  method and 

compared. 

Radio HPLC a n a l y s e s  were r e p e a t e d  s e v e r a l  t i m e s  unde r  d i f f e -  

r e n t  c o n d i t i o n s  and w i t h  t h e  d e t e c t o r s  s e t  a t  v a r i o u s  l e -  

v e l s  o f  s e n s i t i v i t y .  I t  w a s  c o n c l u d e d  t h a t  b o t h  t h e  chemi- 

c a l  and r a d i o c h e m i c a l  p u r i t y  o f  t h e  'H r i f a m y c i n  L 105 w a s  

b e t t e r  t h a n  98%. 

S p e c i f i c  a c t i v i t y  d e t e r m i n a t i o n  

1 0 ,  50, and 100 pl of  a c e t o n i t r i l e - w a t e r  (6:4) s o l u t i o n  o f  

t r i t i a t e d  (4) whose c o n c e n t r a t i o n  w a s  d e t e r m i n e d  by U . V .  

t i t  rat i o n ,  - 1 2 , 6 5 0 ,  were a s s a y e d  by l i q u i d  s c i n t i l l a -  '450 - 
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Fig. 3 Radio HPLC of 3H riramycin L 105; retentiorl 

volume 5.4 ml; flow-rate 1 r n l / m i n ;  chart speed 

5 mm/min. Solid Line: U.V .  trace; broken line 

r a d i o  trace. 

tion counting. A Packard instrument was employed and the 

counting parameters were set to give a standard deviation 

of u =  0.2. A toluene-based scintillation cocktail was 

used, and the measures were repeated at different times to 

evaluate possible solubility effects on counting effi- 

ciency. Quenching curves were also drawn in the concentra- 

tion and counting ranges of interest using acetonitrile-wa- 

ter solutions of inactive antibiotic and 'H benzene of 

known specific activity. 
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F i g .  4 Absorbance U . V .  spectrum of  r i f a m y c i n  L 105 ( 5 )  i n  

a c e t o n i t r i l e - w a t e r  ( 6 : 4 )  

The r e s u l t i n g  s p e c i f i c  a c t i v i t y  o f  1-abe led  ( 2 )  w a s  33.79 

Ci/mg. S i n c e  258.21 mg o f  a n t i b i o t i c  w a s  s y n t h e s i z e d ,  t h e  

t o t a l  a c t i v i t y  r e c o v e r e d  i n  t h e  p r o d u c t  w a s  8 .72 2 3% m C i .  

T h e r e f o r e ,  0.33% of t h e  o r i g i n a l  t r i t i u m  a c t i v i t y  w a s  found 

as i n c o r p o r a t e d  i n  t h e  f i n a l  p r o d u c t .  C o n s i d e r i n g  t h e  decay 

r a t e  of  t r i t i u m ,  t h e  r a d i o a c t i v i t y  i n c o r p o r a t e d  a c c o u n t s  

f o r  more t h a n  90% of t h e  decay e v e n t s  o c c u r r e d  i n  t h e  

21 e x p c s u r e  d a y s .  
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