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S U M M A R Y  

l-Methyl-2-nitro-1K-imidazolea carrying d i f f e ren t  5-side 

chain. (iaopropyl, hydroxymethylethyl, ethenyl) have been syn- 

t h e b e d  labe l led  with I 4 C  a t  C2 of the  imidazole nucleua. 

I N T R O D U C T I O I  

The n i t r o i d d o t o l e a  have aroused considerable in t e rea t  s ince  

they were found to be ac t ive  not only a s  systemic anti-Trichomg 

n iaa ia  drug8 but a l so  againat i n t ea t ina l  and akin infection. 

with protozoa (leiahnaniaaes, amoebiaaes, giardiaaes) and,recently, 

aa being useful alao f o r  treatment of anaerobic bac ter ia l  in- 

fection. and a. radioaenai t izers  of hypoxic c e l l 8  i n  radio- 

therapy of tumora. 

l a rge  number of s tud ies  aimed a t  c la r i fy ing  the  metaboliam and 

the  mechaniam of act ion of these compounds. 

During the  same period, there  have been a 

The reaeaeh program of our laboratoriea developed aome 2 - n i t r g  

imidatolea with in te rea t ing  pharmacological propertiem. These 

include l-rethyl-~-(l-methylethyl)-2-nitro-l~-inidazole (via), 

which i a  very ac t ive  aa a ayatemic antitrichomonas agent 

5- ( 1 -hydroxy-l -methylethyl ) -1 -methyl -2-nitro-lIJ-imidazole ( VId) , 
which w a s  f i r a t  i ao la ted  i n  the  study of t he  metabolism of VIa 

(1) , 

( 2 )  
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i n  various animal species, and a f t e r  synthesis w a s  found t o  have 

a more favorable therapeut ic  index than t h e  parent compound 

and f ina l ly ,  ~-ethenyl-l-methyl-2-nitro-l€J-imidazole (VIf), 

which has a wide spectrum of antimicrobial and antifungal a2 

t i v i t y  which makes it of i n t e r e s t  a s  a possible top ica l  agent . 
I n  order t o  study the  metabolism of VIa and VId and the  

mechanism of act ion of VIf (5y6), it was necessary t o  syntheeize 

the  compound8 labe l led  with 1 4 C  i n  t h e  2 posi t ion of the  imida- 

zole ring. 

previoualy employed, a s  shown i n  Scheme 1. 

( 3 )  , 

(4)  

This we have done by su i tab ly  adapting the  procedure8 

The intermediate N-methylaminoaldehydes w e r e  prepared as 

follows: IVa, by hydrolysis of t he  N-methylaminoacetal I , 
IVb,  by controlled c a t a l y t i c  reduction and hydrolysis of t he  

N-methylaminobutymnitrile I d 3 ) ;  IVc, by reduction with NaHg 

(1). 

of 3-methylaminodihydro-2-(3a)-furanone hydrochloride I11 (1) . 
The N-methylaminoaldehydes IVa,b and c, obtained i n  aqueous 

solution, w e r e  not isolated.  

culated from unlabelled experiments, they w e r e  t r ea t ed  d i r ec t ly  

with cyanamida-l4C under controlled conditions of pIi t o  give 

the  Corresponding 2-aminoimidatolea- ( 2-14C) Va, b and c. After 

diazotization and treatment with NaN02 i n  the  preesnce of Cu, 

Va gave the  corresponding 2-nitroimidazole-( 2-14C), V I a .  

On t h e  bas i s  of t h e  y ie lds  cal-  

The aame reaction carr ied out with Vb l e d  t o  a mixture of 

the  2-nitroderivative VIb, and the  corresponding hydro- 

derivative,  VId. The reaction mixture wae hydrolyzed with HC1 

t o  give VId i n  f a i r l y  good yield. 

Previous experiments indicated t h a t  treatment of 2 - n i t r ~  

i d d a z o l e s  with thionyl chloride, a i m e d  a t  exchanging a hydroxyl 

group on t he  a lkyl  chains with a chloro group, Caused a 1066 

of t he  n i t r o  group. Therefore, by treatment with thionyl 

chloride i n  benzene, w e  converted t h e  5-(2-hydroxyethyl)-2-aming 

imidarole- ( 2-I4C) V c  i n t o  t h e  corresponding 5- (2-chloroethyl) 

derivative,  Ve, which was transformed i n t o  t h e  2-nitroimidazole- 

d 4 C ) ,  VIe, ae described above. This la t ter  gave the  5- 
ethenyl-2-nitroin1idaaole-( 2-I4C), VIf , when reacted 

potassiura f-butoxide. 

with 
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E X P B R I M B Y T A L  

Cyanan~ide-~~C was obtained f r o m  ICN, Chemical and Redioiaotope 

Division, I rvine,  California (USA). 1-5 m C i  (0.086 mmole) were 

used, di luted with cold cyanamide. Y i e l d s  reported i n  Table I 

a re  bawd on t h e  i n i t i a l  cyana~ide-'~C. 

The rad ioac t iv i ty  of t h e  mamplea, prepared by adding a ao- 

lu t ion  of 10-20 vg of t h e  compound i n  0.1 m l  of CH OH t o  10 m l  

of Insta-gel Packard, waa meaaured with a Intertechnique Scin- 

t i l l a t i o n  Counter model SL/30. The apec i f ic  rad ioac t iv i ty  w a s  

determined by an in te rna l  8tandard method. The radiochemical 

puri ty  w a s  establiahed by TLX on Silica-gel P 
followed by mcanning with a Packard Scanner mod. 7201. I R  and 

W spectra  and Rf (TLC, apota visual ized under W l i g h t  a t  254 M) 
were i n  accordance with those already determined f o r  unlabelled 

standards 

3 

plate8 (Merck) 254 

(1,397) 

3-Mbth~l-2-methslaminobutanal (IVal. 

A solut ion of 0.94 g (5 m o l e )  of 3-methyl-2-methylamino - 
butane1 diethylacetal  (I)") i n  15 m l  of lS$ HC1 w a 6  a t i r r e d  

for 2 hour6 a t  5O.C (bath temperature). 

-10.C was brought t o  pH 4.6 by adding 50% NaOR before w e  f o r  

the next mtep. 

The molution cooled to 

~ - M b t h o x y - 3 - m e t h y l - 2 - m e t h y l a m i n ~  

3-methoxy-3-mthyl-2-aethplearinobutyronitrile (11) ( 3 )  (1 -42 (9, 

10 plmole) was dissolved i n t o  25 m l  of N HC1 cooled t o  0.C. The 

solut ion was hydrogenated over 185 mg of lo$ Pd/C a t  atmo8phz 

r ic  preaeure and room temperature. 

was f i l t e r e d  and the  solut ion w a 6  brought t o  pH 4.6 with 1 N  

NaOH. 

After 3 hour6 the  catalymt 

~-Hydroxy-2-methylaminobutanal (IVc), 

A aolution of 1.89 g (12.5 amole) of 3-methylarinodihydro-2- 

(3Ii)-furanone hydrochloride (111)") i n  7 61 of w a t e r  and 3 m l  
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of EtOH w a s  t r ea t ed  i n  portions with 48.7 g of 2.5% NaAg with 

magnetic s t i r r i n g ,  while t he  temperature was kept a t  5.C. The 

pH w a s  maintained a t  2.5-3.5 by adding 10% HC1. was 

f i l t e r e d  o f f ,  the  aqueous solut ion was t r ea t ed  with charcoal, 

f i l t e r e d  and brought t o  PA 4.6 by adding 1 N  NaOH. 

The Bg 

+Substituted l-Msthyl-l-H-imidazol-( 2-14C)-2-amine hydro- 

chloriderr (Va,b.c). 

To t he  aqueous solut ion of t he  corresponding N-methylamino 

aldehydes (IVa,b,c), obtained a s  previously described, NH214CN 

was added (1 r C i  f o r  IVa and 5 m C i  f o r  I V b  and IVc), and an 

amount of NA2CN corresponding t o  about 0.8 mole/mole of the  

s t a r t i n g  reagents ( I ,  I f ,  111) (see t he  Table). The reaction 

d x t u r e  wan s t i r r e d  a t  50.C f o r  2 hours ( for  Vb the  pH of the  

mixture was maintained a t  4.6 by addition of 10% HC1). 

solvent was evaporated off i n  vacuo. 

and some undefined products were extracted from t h e  rerridue 

with boiling Et20 (3 x 10 m l ) .  

Crude compound I V a  and I V c  were extracted from the  o i l y  

residue with boi l ing absolute EtOH (3 x 20 ml). 

solutionn were evaporated t o  dryness and the  2-aminoiraidazoles- 

(2-14C) were purif ied by dissolving in a f e w  ml of water 

treatment with a solut ion of 2 g of p ic r i c  acid i n  15 ml of 

boi l ing water. On cooling, t he  p ic ra tes  c rys ta l l ized ,  were 

col lected and dissolved i n  20 n l  of 15% BC1. 

heated a t  50.C fo r  5 min. After cooling, the  p i c r i c  acid was 

extracted w i t h  benzene (3 x 20 m l )  and t h e  aqueous solution was 

evaporated t o  dryness, giving Va or Vc. 

The 

The unreacted cyanamide 

The ethanol 

and 

The solut ion was 

Compound Vb was obtained d i r ec t ly  by evaporation of the  

ethanol extract .  

5 - ( 2 -Ch l  oroethyl) - 1 -methyl - 1 H- i m i  da 2014 2-' 4C) - 2 - amine hydro - 
chloride (Vc). 

S O C l z  (2 ml, 27 m o l e )  was added t o  a solut ion of 1.35 g 

(7.6 mmole, 3.6 mCi) of V c  i n  40 ml of benzene. The react ion 
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S c h e m e  1 

CH 
1 3  

H CO-C-CH-CN 
3 I 

CH3 
I =a3 

I1 
H2 -C/ Pd 

1 N HC1 I 
[ R-i:;:;] 

I V a , b , c  

).i,.CN 

NHCH e R C 1  Do 3 
I11 

A 
HC1 a ,  R = - C H ( C H Q ) ~  

b , R = -  
CH 

C ,  R = -CH CH OH 2 2  
d, R I - C ( C H 3 ) 2  

I 
OH V I f  VId 

Pornition of l 4 C  

VIa 
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- 

NHZ-' 4CN 

added 

- 
ompd, 

- 

- 

Va 

yb 

vc 

- 
Via 

VId 

VIf 

- 
R 

T a b l e  I 

- 
mole 

- 

3.51 

8.08 

t0.08 

- 
1.94 

7.05 

7.6 

- 
0.81 

1.96 

1 030 

- 
Va -CH(CH3), 

vb = - (CH3I2 
8CH3 

VC I -CH2-CE20H 

- 
Y i e l d  

% 
- 

55.3 

87.2 

75.4 

- 
23 00 

24.2 

12.8 

- 

lotal 
L C t i  V i t J  

mCi 

1 

5 

5 

0.52 

4.3 

3.6 

tadioch, 
Y i e l d  

% 

52.0 

86.0 

72.0 

24.0 

23.8 

12.4 

R'  

p e C i f i C  
c t i v  t y  m c i j .  
m m o l e  

0.285 

0.61 8 

0.496 

0.268 

0.610 

0.473 

0.296 

0.607 

0.476 

VId -C(CRJ)~ AH 

1)Developed with a 4:l  mixture of benzene-MeOR 

Posi t ion  of I4c 
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mixture was a t i r r e d  f o r  1 hour a t  room temperature, then refluxed 

for 1 hour. 

After cooling, the desired compound warn extracted with water 

(5 x 10 m l ) .  

and evaporated t o  drynesa. 

The aqueous solut ion was t rea ted  with charcoal 

The reaidue waa t r i t u r a t e d  with Me2C0 and f i l t e r ed .  Yield 

1.27 g (6.5 armole, 85.5%; 3.05 m C i ,  84.7%). 

1-Methyl-5- (1 -methylethyl) -2-nitro-l~-iaidazole- ( 2-14C) (VIa1. 

A solut ion of 0.14 g (2 m o l e )  of NaN02 in 1 d of water waa 

added dropwiae a t  -2O.C t o  a mtirred molution of 0.33 g (1.9 

mmole) of Va i n  1.7 m l  of 40% LIBF S t i r r i n g  was countinued 

for 15 min, then the  aolution was maintained a t  -10.C and poured 

i n  

and 0.4 g of Cu powder i n  35 m l  of water, while N2 was 

in. 

solut ion was brought t o  pH 2.5 with 10% HC1 and allowed t o  stand 

for 1 hour under bubbling N2. The reaction mixture was extracted 

with AcOEt  ( 5  x 25 ml),  The ex t r ac t s  w e r e  washed with 10% Na2C03 

solut ion (3 x 20 m l ) ,  then with w a t e r  ( 2  x 20 m l ) ,  dried over 

Na2S04, and evaporated. The residue was diaaolved i n  a f e w  m l  

of EtOAc and purif ied by TLC, developing with a 1:4 mixture of 
MeOH and benzene. 

4' 

portion6 i n t o  a a t i r r e d  mixture of 1.33 g (19 mmole) of NaN02 

bubbled 

the  A f t e r  30 min the  inaoluble material was f i l t e r e d  o f f ,  

The 2-nitro-1tJ-imidazoles- ( 2-14C), VId and VIe, were prepared 

as deacribed above, s t a r t i n g  with 7.05 armole of Vb and 6.5 maole 

of Ve. The residuesobtained from t he  EtOAc  ex t r ac t s  were worked 

up as followa: 

Compound VId was obtained together with a cer ta in  amount of VIb 

(TLC, developed with a 1:9 mixture of MeOH and CHCl VId 

Rf 0.43; VIb Rf 0.70). 

of 2 N HC1 by heating a t  7O.C f o r  5 lain, 

was extracted with EtOAc (5 x 10 ml).  

over Na SO 2 4  
l i z e d  from benzene. 

3' 
The crude reaidue waa dissolved i n  7 m l  

The cooled aolution 

The extract. were dried 

and evaporated t o  give a residue which was cryatal-  
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ComDound VIe was dr ied i n  vacuo on P205. Yield 0.36 g (1 .9  mole, 

29.2%; 0.83 m C i ,  27.2%; TLC Rf 0.53, developed w i t h  a 1:9 mixture 

of MeOIi and CHC13). It was used d i r ec t ly  for t h e  next step. 

~-Ethenyl-l-methyl-2-nitro-lH-imidazole- ( 2-I4C) (VIf 1. 
To a cooled solut ion (10.C) of 0.36 g (1.9 mole, 0.83 mCi) 

of VIe i n  10 m l  of anhydrous benzene, 0.2 g (1.8 m o l e )  of 

tassium t-butoxide w a s  added. 

for 45 min a t  the  aame temperature and checked by TLC. 

s ta r t ing  materiale was still present,  an additional 0.05 g 

(0.45 m o l e )  of potassium &-butoxide was added. 

po- 

The reaction mixture was s t i r r e d  

Since 

S t i r r i n g  was continued for 1 hour, then the  insoluble mate- 

r i a l  was f i l t e r e d  and washed with CHCl The soluble material  

and washing were combined, concentrated t o  a small  volume and pu- 

r i f i e d  by preparative TLC (e lu t ing  with a 9 : l  mixture of CHCl 

and Me2CO). 

74.7%). 

3' 

3 
Obtained 0.2  g (Yield 1.3 mmole, 68.4%; 0.62 m C i ,  

The compound rrhould be protected from l igh t .  
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