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THE S-IS OF TRITIIPI-LN3ELLED MISOEU'IDAZOLE 
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SUNGRY 

The synthesis of tritium-labelled misonidazole via the 
NaB3H4. reduction of 1- (3-methoxy-2~xopropyl) -2-nitro-1H- 
imidazole is described. Purification of labelled misoni- 
dazole was accqlished by recrystallization. The purity of 
the labelled cmpund was verified by HPLC. 

Key Words: I4isonidazole, Radiosensitizer, NaE 3 B4, 1- (3-rwthoxv-2-oxopropyl) -2- 
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JNTRODIJCION 

Misonidazole , 1- (2-hydroq-3-mthoxypropyl) -2-nitro-lH-imidazole (2) , i.s a 
2-nitroimidazole which is undergoing clinical trials to evaluate its effective- 

ness as a hypxic cell radiosensitizer'' '. Misonidazole also causes periphera.1 

neuropathy , it is preferentially toric to hypoxic cells , and it is mutagenic . 
The biochemical mechanism of the toxi.city of misonidazole to hypxic cells has 

not keen conclusively determined, but reduced metabolites have been implicatd 

in the mutaqenicity and toxicity of the coqmund. To facilitate metabolic 

studies, we have devised a method to synthesize 'H-L with high spci fic activit-y 

via the reduction of 1- ~3-~thoxy-2-oxopropyl) -2-nitro-1H-imidazole (2) wi.th 

NaB H4, as shown below. 
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Ultraviolet spectra were obtained from a Pcrkin-Elmer Coleman me1 174 

spectrometer. Radioactive disinteqrations were masured on a I3ecla7lan H e 1  IS 
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100 liqujd scjnt i l la t ion counter. High p r f o m c e  liquid chromtqraphy was 

done en a Varian &del (5000) chromat.oqraph equipped with J. V a r i a n  Micropak 

M - 1 0  column. The W absorbance of the column effluent was monitored a t  330 m 

with a Varian Vari-Chrom detector We1 VW-10. Wlting points were determined 

on a T h m s  Hoover apparatus and are uncorrected. NMR s p c t r a  w e r e  determined 

on a Perkin-Elmer Hatachi E.'ncel R24B using TEE as the i n t e r n a l  standard. I R  

spectra w e r e  obtained on a Beckman Model Accu-lab 6. 

Misonickzole was a a i f t  from D r .  W. E. Scott, Hoffnan-IaRoche, Inc., 

(Nutley, NJ) . sodim bra[ Hlhvdride was purchased f r o m  Amrsham (Chicago, IL) . 
1- (3-~thory-?-oxopropy~) -2-nit.ro-1H-imidazole (2) was prepared by the 

oxidati-on cf 1 with Jones reagent as described hv Beaman, et a1.6 MP 67"-68' 

[lit. 65O-67'1 '€1 PDR (Cncl,) 67.21 (s , l) ,  67.05 ( s , l ) ,  65 .43  ( s , 2 ) ,  64 .19  

( s , 2 ) ,  63.51 (s,3). 

3 

I R  (1k1iol) 1725 m-l. 

3 Synthesis of 2- H-l(2-hy&~xy-3lnethoxypropyl)-2-nitro-1H-imidazole (1) 
A v ia l  of NFiB H4 (100 mi., 1 4  C i / m l )  was opned and 150 p l  of absolute 

ethanol containing 8 q (0.4 ml) 2 was  added t o  the contents of the vial .  The 

top portion of the vi.al was washed with 100 p1 of ethanol which was added t o  the 

3 

reaction mirture. and 2 produced an k d i a t e  

violet color which did not dissipate. After two and one-half hours a t  r m  

tpmperature, the reaction mirture w a s  f i l t e red  throuuh glass wool into a test 

tube which contained 250 r q  (1..24 ml) 1. The @ass wool was washed w i t h  700 

p1 of ethanol and the resultinu mixture heated in  a water bath t o  produce a 

vellm solution. This solution w a s  cooled i r ?  an ice bath to  insure complete 

crystallization. The crystals were removed and labelled lo t  one. The supr -  

natant from lo t  one w a s  similarly treated t o  yield a second crop of crystals 

(lot. two). The crystals frcnn hoth lo t s  were dried i n  vacuo and then dissolved 

in 7 ml absolute ethanol. 

The cambination of the N d H  4 

The concentrat-ion of 1. in  each lo t  of raterial was determined spectro- 

The m u n t  of 1. in  lo t s  one and two were 0.166 m l  photawtrically a t  330 m. 

and 0.189 ml respectively. 
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3 Synthesis of H-Labelled MisonidazoZe 

Lot one contained 81.8 mCi  of activity and lo t  two contained 11.1 mCi  of 

The specific act ivi t ies  of the two lo t s  were 69.9 m2i/mn>l and 8.41 activity. 

mCi /ml ,  respectively. 

The radiochemical purity of each lo t  was determined by HPLC. A 1 ~1 

aliquot was dissolved in  25 ml of non-radioactive 1 x 10-4M - 1, and then 

chrmt&aphed a t  a 1 m l / m i n  flow rate  using a methanol:H20 gradient which was 

in i t ia l ly  0% mEthanol and changed linearly t o  20% ~ t h a n o l  a t  twcnty minutes, 

and then t o  100% rrethanol a t  forty minutes. One-half ml fractions were 

collected and the radioactivity determined. 'ihe t r i t i um labelled misonidazole 

eluted from the column in fractions 53 through 57. Minor radiochemical 

impurities eluted i n  fractions 33, 46 and 47. The only peak ohserved by 

mnitorinq the absorbance of the effluent a t  330 nm was that of _1 which had a 

retention time identical t o  the mjo r  radiochemically labelled peak. The radio- 

chemical purity was 99.48% for l o t  one and 97.83% for l o t  two. 

The stabi l i ty  of radiolabeled 1 a t  varj-cus temperatures and pH's was 

evaluated t o  insure the appropriateness of the label for dmq metabolism 

studies. A sample of lo t  n&r one was diluted w i t h  0. htN 2 and added t o  the 

appropriate buffer (.01M, phosphate) and following an incubation period, the 

mte r i a l s  were chraroatographed using the conditions reported for the determina- 

tion of radiochemical purity. The results of these e x p r k n t s  are l is ted i n  

Table 1. 
TAE3LE 1. The effect  of temperature and pH on the radiochemical purity of 

2- ["HI 4sonidazole .  
% Radiochexipl 

pH Time Temperature Purity 

2.3 4 h  37°C 99.3 

2.3 10 min l00"C 98.45 

7.4 4 h  37oc 99.34 

7.4 10 min lO0OC 97.8 

9.0 4 h  37OC 99.1: 

"he in i t i a l  radiochemical purity was 99.48 8. 
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DISCUSSION 

3 The NaB H4 reduction of 2 provides exce l len t  y ie lds  of high s p c i f i c  

ac t iv i tv  tritium labelled 1. The lack of s t e rospec i f i c i ty  of the hrohydri.de 

reduct-ion procedure produces tritim l a k l l e d  1 which is racemic a s  i s  the  1 
u t i l i zed  as a radjosensit izer.  The radiochemical pur i ty  of lo t  one was greater 

than 99%, the  secc i f i c  activj.ty of the prcduct w a s  69.9 m C i / m l .  Total 

incorporation of the 3H from NaB H, w a s  qrea te r  than 90%. 3 

The lahe l led  miscnidazole is  appropriate f o r  m t a h o l i c  s tud ies ,  as 3H- 

exchange does not occur under physiological conditions or a t  ac id ic  o r  basic 

pHs. Furthermore, our i n i t i a l  investiuations using p r f u s e d  rat  l i v e r s  have 

demclnstrated that II-exchange from misonidazole mstablites also does not cccur 

(B. R. .Smith and J. L. Born, unpublished r e s u l t s ) .  The compund is less stable 

at. elevated teqratures,  hawever, and h i l i n a  samples i n  i n  v i t r o  s tud ies  to  

s top  enqwat ic  reacti.ons is not  recmmnded. 

3 
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