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SUMMARY 

C h e m i c a l l y  and r a d i o c h e m i c a l l y  e f f i c i e n t  s y n t h e s e s  o f  N-(2-hydro~y-Z-[~H]ethyl)- 

2-  ( 2 - n i  t r o i m i d a z o l - 1 - y l )  a c e t a m i d e  and N- ( 2 - h y d r o x y - 2 - [  ' H l e t h y l  ) - 2 -  ( 2 - n i  t r o -  

i m i d a z o l - 1 - y l ) a c e t a n i i d e ,  i s o t o p o m e r s  of  t h e  h y p o x i c  c e l l  r a d i o s e n s i t i s e r  

e t a n i d a z o l e  ( S R  2508) ,  have  been a c h i e v e d  b y  r e d u c t i o n  of  t h e  c o r r e s p o n d i n g  

a l d e h y d e  w i t h  i s o t o p i c a l l y  l a b e l l e d  sod ium b o r o h y d r i d e .  The p r i m a r y  k i n e t i c  

d e u t e r i u m  i s o t o p e  e f f e c t  f o r  t h e  p r o c e s s  i s  1 . 5 .  
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.INTRODUCTIQjj 

E t a n i d a z o l e  ( S R  2508; J,; F i g u r e  1) ( 2 , 3 )  i s  a member o f  t h e  second g e n e r a t i o n  o f  

e l e c t r o n - a f f i n i c  compounds based on 2 - n i t r o i m i d a z o l e ,  d e s i g n e d  f o r  t h e  

s e n s i t i s a t i o n  o f  h y p o x i c  tu inou r  c e l l s  t o  r a d i a t i o n .  P a r t i c u l a r l y ,  i t  e l i c i t s  

l e s s  n e u r o t o x i c i t y  t h a n  t h e  a r c h e t y p e  m i s o n i d a z o l e  ( 2 ) .  I t  i s  a l s o  s i g n i f i c a n t l y  

more p o l a r  t h a n  t h e  l a t t e r .  I t  was t h e r e f o r e  o f  i n t e r e s t  t o  assess  t h e  

s e l e c t i v i t y  o f  u p t a k e  and c o v a l e n t  r e t e n t i o n  o f  1 i n  h y p o x i c  and o x i c  r e g i o n s  o f  

t umours  and i n  n o r m a l  t i s s u e s ,  i n c l u d i n g  b r a i n .  R a d i o l a b e l l e d  m a t e r i a l  was 

r e q u i r e d  f o r  t h i s  p u r p o s e  . 
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We have reported (1) the efficient and rapid incorporation of ‘H and ’H by the 

reduction of a doubly activated ketone by the appropriate isotopically labelled 

sodium borohydride. It was therefore considered highly likely that the analogous 

reduction of the activated aldehyde 1 would be successful in providing the 

required isotopically labelled materials. 

Synthesis of 2 was achieved in four steps as shown in Scheme 1. 2-Nitroimidazole 

(a) was alkylated with i-butyl bromoacetate under basic conditions in refluxing 

dimethylformamide and the imidazoleacetic acid 5 was formed by treatment of the 

intermediate i-butyl ester 4 with anhydrous trifluoroacetic acid. This route was 

found to avoid many of the previously reported problems (4) of isolation and 

purification associated with the great aqueous solubility and acid strength of 

5. The acid chloride of 5 proved to be difficult to form and to be unstable, so 

a carbodiimide method was used to couple this acid with 2 , Z - d i m e t h o x y e t h y l a m i n e ,  

albeit in modest yield. Hydrolysis of the acetal function of 6 was achieved 

using an ion-exchange resin as catalyst. The resultant aldehyde 1 was found to 

be highly electrophilic, being extensively hydrated in water and forming fully 

the corresponding hemiacetal 2 when an attempt was made to record the 1H NMR 

spectrum in solution in [‘H,]methanol. The dinitrophenylhydrazone U. was 

prepared for characterisation. 

For the purpose o f  the reductions with sodium boro[‘H]hydride. I was not 
isolated but was used as the neutral aqueous solution given by removal of the 

catalytic resin by filtration; the [‘HI-primary alcohol B was obtained in good 

yield. T o  determine the kinetic isotope effect for this reduction step, the 

aqueous solution o f  1 was reduced with an excess of an equimolar mixture of 
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SCHEME 1. 

NaBlH, and NaBZH4.  A n a l y s i s  o f  t h e  r e s u l t i n g  m i x t u r e  o f  i s o t o p o m e r s  by NMR was 

f a c i l i t a t e d  b y  a c e t y l a t i o n ,  t h u s  r e m o v i n g  t h e  o v e r l a p p i n g  o f  t h e  NCIH!,CIHZHOH 

and NC1H2C1H2HOH resonances  i n  t h e  s p e c t r u m  o f  8 .  Compar ison o f  t h e  i n t e g r a l s  o f  

s i g n a l s  a t  8 3 .45  (CONC'H,) and d 4.10 (C1H2HOAc + CIY,OAc) e n a b l e d  t h e  

e s t i m a t i o n  k[1H]/k[ 'H] = 1 . 5  f o r  t h e  r e d u c t i o n  s t e p .  To a v o i d  p o s s i b l e  poor 

i n c o r p o r a t i o n  o f  'H f r o m  sod ium b o r o [ ' H ] h y d r i d e  t h r o u g h  u n f a v o u r a b l e  c o m p e t i t i o n  
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with 1H, the 'cold chaser' technique (1) was used and the radiochemical yield of 

9. was excellent. Interestingly, Coleman &.,d (5) report that the corresponding 

unlabelled acetate ester is a good prodrug for 1. 

The development of this facile and high-yielding preparation of radiolabelled 

etanidazole permits studies of selectivity in uptake and retention of the drug 

and its metabolites in normal tissues and in tumours. The results of these 

experiments will be published elsewhere. 

EXPERIMFNTAI 

OMF refers to dimethylformamide. Tetrahydrofuran (THF) was distilled from 

calcium hydride before use. Solutions were dried with anhydrous sodium sulphate 

and were filtered prior to evaporation of the solvents under reduced pressure. 

Melting points are uncorrected. NMR spectra were obtained using a Jeol PMX60SI 

spectrometer with tetramethylsilane as internal standard. IR spectra were 

recorded using a Philips PU9510 instrument. Determinations of the radioactivity 

were carried out by the liquid scintillation method using Beckman LS2800 and 

Beckman LS5000CE instruments. The radiochemical purity o f  9 was checked by 

scraping appropriate portions of an analytical thin layer chromatography plate 

(silica gel; CHC1,: MeOH, 4 : l )  and assaying radioactivity by liquid 

scintillation counting. Sodium boro[*H]hydride was obtained from Aldrich 

Chemical Co. and sodium boro[ 'Hlhydride was obtained from Amersham International 

PLC. 

t-Butvl 2-(2-nitroimidazol-l-vl)acetate (41 .  - 2-Nitroimidazole (a; 4.57 g, 

40.4 mmol) was stirred at reflux i n  OMF (40 ml) with potassium i-butoxide 

(4.85 g, 43.3 mmol) for 5 min before being cooled to 120°C. i-Butyl bromoacetate 

(7.90 g, 40.5 mmol) was added and the whole was stirred at reflux for a further 

5 min. The cooled mixture, in ethanol (100 ml) was filtered and the solvents 

were evaporated at 1 torr. The residue, i n  dichloromethane, was washed with 

water (4 x) and saturated aqueous sodium chloride before being dried. The 
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s o l v e n t  was e v a p o r a t e d  t o  g i v e  4 ( 6 . 3 8  g ,  70 X )  as a p a l e  y e l l o w  o i l ;  b (CDC1,) 

1 . 4 5  ( 9  H, S ,  C(CH,),), 5.02 ( 2  H, S ,  CH,), 7.1 (2 H, b r .  2 x i m i d a z o l e - H ) .  

2-f7-Nitroimidazol-l-vllacet i c  ac i d  ( Q . -  The i - b u t y l  e s t e r  4 ( 6 . 2 9  g, 

27.7 mmol) was s t i r r e d  w i t h  t r i f l u o r o a c e t i c  a c i d  ( 4 0  m l )  f o r  16 h b e f o r e  

e v a p o r a t i o n  o f  t h e  r e a g e n t .  The r e s i d u a l  s o l i d  was washed w i t h  a m i x t u r e  o f  

d i e t h y l  e t h e r  and hexane  (1:l) t o  a f f o r d  5 (4.74 g, q u a n t . )  a s  a p a l e  y e l l o w  

s o l i d  m.p.  145-146oC ( l i t .  ( 4 )  m.p. 159-16OoC ( e x p l . ) ) ;  6 (CDC1,) 5.20 ( 2  H, s ,  

CH,), 7.52 (1 H, d, J = 1 . 5  Hz, i m i d a z o l e - H ) ,  7 . 5 8  (1 H ,  d, J = 1 . 5  Hz, 

i m i d a z o l e - H ) .  

N - ( 7  7 -O ime tho  xvethvll-2-(2-nitroimidazol-l-vl)aceta m i d e  ( 6 1  . -  The c a r b o x y l i c  

a c i d  5 (510 mg, 3 mmol) was s t i r r e d  w i t h  N,N'-dicyclohexylcarbodiimide ( 6 3 0  mg, 

3 mmol) and 2 , 2 - d i m e t h o x y e t h y l a m i n e  ( 3 6 0  mg, 3 mmol) i n  THF ( 1 3  m l )  f o r  3 days 

b e f o r e  t h e  m i x t u r e  was f i l t e r e d  and t h e  s o l v e n t  was e v a p o r a t e d .  C e n t r i f u g a l l y -  

a c c e l e r a t e d  p r e p a r a t i v e  l a y e r  ch romatog raphy  ( s i l i c a  g e l ,  e t h y l  a c e t a t e : h e x a n e ,  

1:1, f o l l o w e d  by e t h y l  a c e t a t e )  gave  a c r u d e  s o l i d  w h i c h  was r e c r y s t a l l i s e d  f r o m  

e t h y l  a c e t a t e : h e x a n e  t o  a f f o r d  6 as an o f f - w h i t e  s o l i d  111.p. 116-117OC; 6 (CDC1,: 

(CD,),CO, 1 : 2 )  3 . 3 0  ( 6  H, s ,  2 x OCH,), 3 .35 ( 2  H, t ,  J = 5 Hz, NCH,CH), 4 .35 

(1 H, t, J = 5 Hz, NCH,CY), 5 . 1 5  ( 2  H, s,  i r r i idazole-CH,) ,  7.07 (1 H, d, J = 1 . 5  

Hz, i m i d a z o l e - H ) ,  7.17 (1 H, d, J = 1 . 5  Hz, i m i d a z o l e - H ) ,  7 . 5 5  (1 H, b r ,  NH). 

N - ( 2 - H v d r o x v - 2 - r 2 H j e t h v l  )-2-(Z-nitroimidazol-l-v1 j a c e t a  m i d e  ( 8 )  and N - 2 -  

A c e t  ox v - 7 - 1. H] e t  h v 1 1 - 7 - ( 2 - n i t r o i m i  d az o 1 - 1 - v 1 ) ac e t  a in ide f 1 0 2 . -  The a c e t a l  6 

(258  mg, 1 mmol) was b o i l e d  u n d e r  r e f l u x  w i t h  Dowex 50x4 (H+ fo rm;  300 mg) i n  

THF ( 5  n i l )  and w a t e r  ( 3  ml) f o r  1 h b e f o r e  t h e  s u s p e n s i o n  was f i l t e r e d  t o  g i v e  a 

s o l u t i o n  t h e  a l d e h y d e  1. Sodium b o r ~ [ ~ H ] h y d r i d e  (NaB'H,; 42 ing, 1 riirriol), i n  

w a t e r  (2 n i l )  was added t o  t h e  c o o l e d  f i l t r a t e  and t h e  m i x t u r e  was s t i r r e d  f o r  

5 n i i n  b e f o r e  a d d i t i o n  o f  a c e t o n e  ( 3  n i l ) .  A f t e r  a f u r t h e r  16 h ,  t h e  s o l v e n t s  were 

e v a p o r a t e d  and t h e  r e s i d u e ,  i n  w a t e r  ( 5  m l ) ,  was a p p l i e d  t o  a s h o r t  coluinn o f  

A i r i b e r l i t e  IRA-400 (-OH f o r m ;  1.0 9 )  and was e l u t e d  w i t h  a w a t e r  (10 m l ) .  T h i s  

o f  
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e l u a t e  was t h e n  passed  t h r o u g h  a s h o r t  co lumn o f  Oowex 50x4 (Ht f o r m ;  1 .0  g )  and 

t h e  w a t e r  was e v a p o r a t e d  f rom t h e  f i n a l  e l u a t e  t o  g i v e  8 ( 1 6 0  mg, 74 % )  as an 

o f f - w h i t e  s o l i d  m.p. 133-136oC; v max ( N u j o l  m u l l )  3400, 3300,  2120 , 1665 cm-1; 

d CDC1, + (CD,),SO; 1:l) 3 . 2 - 3 . 6  ( 3  H, in,  NCH,CHD), 5 .15  ( 3  H, b r s ,  i m i d a z o l e -  

CH, + OH), 7 .10 (1 H, b r s ,  i m i d a z o l e - H ) ,  7 . 4 5  (1 H, b r  i m i d a z o l e - H )  and 8 . 2 0  

(1 H. b r t ,  J = 6 Hz, NH). A s m a l l  sample was t r e a t e d  w i t h  a c e t i c  a n h y d r i d e  and 

p y r  d i n e  t o  a f f o r d  J& as a p a l e  y e l l o w  s o l i d  2 .02 ( 3  H, s ,  COCH,), 3 . 4 5  ( 2  H, t ,  

J = 7 Hz (becomes d, d = 7 Hz on  d e c o u p l i n g  a t  d 8 . 3 2 ) ,  CONCH,), 4 . 1 0  (1 H ,  

b r t ,  J = 7 Hz, CHD), 5 . 1 5  ( 2  H, s ,  imidazole-CH,) ,  7 . 1 3  (1 H. b r s ,  i m i d a z o l e - H ) ,  

7 .43  (1 H, b r s ,  i m i d a z o l e - H )  and 8 . 3 0  (1 H ,  b r t ,  J. = 6 Hz, NH). 

N - f 2 - H v d r o x v - 2 - ~ ’ H l e t h v l ~ - 2 - ~ ? - n i t r o i m i d a ~ o l - l - v l  ) a c e t a  m i d e  f , 9 1 . -  A c e t a l  

(136  mg, 0 . 5 1  mmol) was h y d r o l y s e d  w i t h  Dowex 50x4 i n  aqueous THF and t h e  r e s i n  

was removed b y  f i l t r a t i o n  as d e s c r i b e d  above.  Sodium b o r o h y d r i d e  (1 mg, 0.026 

mmol) was added, f o l l o w e d  a f t e r  5 m i n  b y  an  aqueous s o l u t i o n  o f  sodium 

b o r o [ ’ H ] h y d r i d e  (0.0005 mmol, 2 . 5  m C i ;  0 . 5  m l ) .  A f t e r  a f u r t h e r  5 min, sodium 

b o r o l i y d r i d e  ( 1 9  mg, 0 . 5  mmol) was added and t h e  m i x t u r e  was s t i r r e d  f o r  15 m in  

b e f o r e  a d d i t i o n  o f  a c e t o n e  ( 2  m l ) .  A f t e r  a f u r t h e r  16 h, t h e  s o l v e n t s  were 

e v a p o r a t e d  and t h e  r e s i d u e ,  i n  w a t e r  ( 5  m l ) ,  was a p p l i e d  t o  a s h o r t  co lumn o f  

A m b e r l i t e  IRA-400 (-OH fo rm;  0.7 g )  and was e l u t e d  w i t h  a w a t e r  ( 7  m l ) .  T h i s  

e l u a t e  was t h e n  passed  t h r o u g h  a s h o r t  co lumn o f  Dowex 50x4 ( H +  f o r m ;  1 .0  9 )  and 

t h e  w a t e r  was e v a p o r a t e d  f r o m  t h e  f i n a l  e l u a t e  t o  g i v e  9 ( 9 5  mg, 2.0 m C i ,  

c h e m i c a l  y i e l d  87 %, r a d i o c h e m i c a l  y i e l d  8 0  X )  w i t h  TLC p r o p e r t i e s  i d e n t i c a l  t o  

t h o s e  o f  an a u t h e n t i c  sample o f  1 ( s i l i c a  g e l ,  CHCl,:MeOH, 4:1,  R f  0 . 2 ) .  The 

r a d i o c h e m i c a l  p u r i t y  was > 97 % and t h e  s p e c i f i c  a c t i v i t y  was 4 . 5  m C i  mmol-I. 

N-~2-0xoethvl~-7-~2-nitroimidazol - -  1 v 1 ) a c e t a  m i  de  2 . 4 - D i n i  t r o o h e n v l  h v d r a z o n e  

u.- A s o l u t i o n  o f  t h e  a l d e h y d e  1 ( 0 . 7  mmol) was p r e p a r e d  b y  h y d r o l y s i s  o f  6 

w i t h  Dowex 50x4 i n  aqueous THF as d e s c r i b e d  above.  T r e a t m e n t  w i t h  2,4-  

d i n i t r o p h e n y l h y d r a z i n e  (150 mg, 0 .75  mmol) i n  e t h a n o l  f o r  5 m i n  a f f o r d e d ,  a f t e r  

r e c r y s t a l l i s a t i o n  f r o m  w a t e r ,  14 as b r i g h t  y e l l o w - o r a n g e  c r y s t a l s  m.p.  239- 

242OC; d ((CD,),SO) 4.05 (2 H, dd, J = 5 Hz, d = 3 . 5  Hz (becomes d ,  J = 5 Hz on 
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d e c o u p l i n g  a t  6 8.00; becomes d, d = 3 . 5  Hz on d e c o u p l i n g  a t  6 8 . 7 5 ) ,  NCH,CHN), 

5.25 (2 H, s ,  im idazo le -CH, ) ,  5 . 7  (1 H, b r ,  A r N H ) ,  7 .25  (1 H, d, d = 1 Hz, 

i m i d a z o l e - H ) ,  7 .70 (1 H, d, i! = 1 Hz, i m i d a z o l e - H ) ,  7 .95  (1 H, d ,  J = 9 Hz, A r  

6-H) ,  8.00 (1 H, m (becomes s on d e c o u p l i n g  a t  6 4 . 0 5 ) ,  NCH,CHN), 8 . 4 0  (1 H, dd, 

J = 9 Hz, J = 2 Hz, A r  5 -H) ,  8 .75  (1 H, t ,  d = 5 Hz (becomes s on d e c o u p l i n g  a t  

6 4 . 0 5 ) ,  CONfiCH,), 8.85 (1 H, d, J = 2 Hz, A r  3 - H ) .  

F x o e r i m e n t  t o  d e t e  r m i  ne  kr -1H l / k [ZH2  f o r  t h e  r e d u c t  i o n  o f  7 . -  A c e t a l  6 was 

h y d r o l y s e d  w i t h  Dowex 50x4 i n  aqueous THF, r e d u c e d  and t r e a t e d  w i t h  a c e t i c  

a n h y d r i d e  i n  p y r i d i n e  as above, e x c e p t  t h a t  t h e  r e d u c t a n t  was an e x c e s s  o f  an 

e q u i m o l a r  m i x t u r e  o f  NaBlH, and NaB'H, ( 9 8  atom % ) .  The r e s i d u e  was shown b y  NMR 

t o  c o m p r i s e  a m i x t u r e  o f  i s o t o p o m e r s  o f  N-(2-acetoxyethyl)-2-(2-nitroimidazol-l- 

y 1 ) a c e t a r n i d e .  I n t e g r a t i o n  o f  t h e  t r i p l e t  c e n t r e d  a t  6 4 . 1 0  showed t h a t  t h e  

m i x t u r e  c o n t a i n e d  65  % o f  t h e  'H-compound and 35 % o f  t h e  'H-compound. From 

t h e s e  d a t a  i t  was c a l c u l a t e d  t h a t  k [ l H ] / k [ ' H ]  = 1 . 5  f o r  t h e  r e d u c t i o n  s t e p .  
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