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14 SYNTHESIS OF THE 5-NITROFURAN 
2,4-DIACETYLAMINO-6-(5-NITRO-2-FURYL)-1,3,5-TRIAZINE-6- C 
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SUMMARY 
The s y n t h e s i s  of t h e  5 -n i t ro fu ran  2,4-diacetylamino-6-(5-nitro-2-furyl)- 

1,3,5-triazine-6-14C is desc r ibed .  F u r y l l i t h i u m  i n  e t h e r  i s  ca rboxy la t ed  w i t h  
radio-carbon d i o x i d e  gene ra t ed  from Ba14COj. The furoic-carbonyl-14C a c i d  is 
then  e s t e r i f i e d  wi th  d i azoe thane  and n i t r a t e d  w i t h  n i t ron ium acetate. The 
r e s u l t i n g  e t h y l  5-nitro-2-furoate-carbonyl-14C is then  condensed w i t h  biguan- 
i d e  t o  g i v e  2,4-diamino-6- (5-ni t ro-2-furyl)- l ,  3,5- tr iazine-6-14C. 
product  is then  ob ta ined  by r e f l u x i n g  t h e  condensa t ion  product  i n  acet ic  anhy- 
d r i d e  t o  g i v e  a y i e l d  of 18% based on t h e  amount of Ba14C03 a t  a s p e c i f i c  ac t i -  
v i t y  of 43.2mCi/mmole. 

The f i n a l  

Key Words: 5 -Ni t ro fu racs ,  Radio-carbon d i o x i d e ,  Carcinogenic ,  Mutagenic. 

INTRODUCTION 

Various 5 -n i t ro fu rans  are  used c l i n i c a l l y  as a n t i b i o t i c s ,  i n  animal f eeds  

as growth promoters and a s  p e s t i c i d e s  (1). Many of t h e s e  5 - n i t r o f u r a n s  have 

been shown t o  b e  ca rc inogens  and/or  mutagens (1). 

s t a n t i a l  evidence t h a t  bo th  t h e  pharmacological  and t o x i c o l o g i c a l  e f f e c t s  of 

t h e s e  5 -n i t ro fu rans  are t h e  consequence of t h e  cova len t  b ind ing  of t h e i r  

a c t i v a t e d  reduced m e t a b o l i t e s  t o  DNA (1). 

There is  much circum- 

We have chosen t o  s tudy  the h i g h l y  ca rc inogen ic  and mutagenic 2,4- 

diacetylamino-6-(5-nitro-2-furyl)-1,3,5-triazine ( A ) .  In orde r  t o  s t u d y  t h e  

i n t e r a c t i o n  of t h i s  5 -n i t ro fu ran  w i t h  DNA i t  has  been necessa ry  t o  develop a 

carbon-14 s y n t h e s i s .  In d e c i d i n g  where i n  t h e  molecule  t o  p l a c e  t h e  l a b e l  w e  

were l i m i t e d  by s e v e r a l  c o n s i d e r a t i o n s .  

a c t i v i t y  would be  a b s o l u t e l y  e s s e n t i a l  i n  o r d e r  t o  f a c i l i t a t e  t h e  i s o l a t i o n  

of t h e  nuc leos ide  adduc t s .  The second c o n s i d e r a t i o n  was f o r  a l a b e l  t h a t  would 

n o t  be  l o s t  du r ing  me tabo l i c  a c t i v a t i o n  no r  d u r i n g  any subsequent  workup pro- 

cedures .  A t h i r d  f a c t o r  w a s  our  d e s i r e  t o  s y n t h e s i z e  a l a b e l e d  compound t h a t  

The f i r s t  w a s  t h a t  v e r y  h igh  s p e c i f i c  
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would be  a common p recu r so r  f o r  s e v e r a l  of t h e  5 - n i t r o f u r a n s  i n c l u d i n g  those  

used i n  c l i n i c a l  ( i . e . ,  n i t r o f u r a n t o i n  and n i t r o f u r a z o n e )  and v e t e r i n a r y  ( i . e . ,  

f u razo l idone )  medicine f o r  use i n  f u t u r e  s t u d i e s .  Our f i n a l  c o n s t r a i n t  was 

c o s t .  The commercial procedures  f o r  making 5 - n i t r o f u r a n s  a l l  i nvo lve  s tar t -  

ing  m a t e r i a l s  a v a i l a b l e  only wi th  low s p e c i f i c  a c t i v i t y  and/or  a t  h igh  c o s t  

( 2 ) .  We had, t h e r e f o r e ,  t o  develop a new s y n t h e t i c  pathway. We decided t o  

u s e  Ba14C03 and t o  s y n t h e s i z e  e t h y l  5-nitr0-2-furoate-carbonyl-~~C 

f u l f i l l  a l l  of our  c r i t e r i a .  

i n  o r d e r  t o  

EXPERIMENTAL 

M a t e r i a l s  and Methods. All r e a g e n t s  and chemicals  were of r eagen t  g rade  u n l e s s  

o the rwise  s t a t e d .  

Nuclear .  R a d i o a c t i v i t y  measurements were done us ing  a Beclanan 7800 l i q u i d  

s c i n t i l l a t i o n  coun te r  w i t h  PCS (Amersham) l i q u i d  s c i n t i l l a t i o n  c o c k t a i l  and 

quench c o r r e c t i o n  by sample channels  r a t i o  method. S p e c i f i c  a c t i v i t i e s  and 

radiochemical  p u r i t y  were determined by HF'LC wi th  f r a c t i o n  c o l l e c t i o n  f o r  

r a d i o a c t i v i t y  measurement us ing  a r e v e r s e  phase Cleu-Bondapak (141, 3.9mm x 

30cm) column and 40% MeOH/H 0 e l u e n t  a t  2.0 ml/min. 

The Ba14COj, 45mCi/mmol, w a s  ob ta ined  from New England 

2 

Syn thes i s .  The o v e r a l l  s y n t h e t i c  scheme i s  shown i n  Scheme 1. Only i n t e r -  

med ia t e s  2 and 3 were i s o l a t e d  i n  t h e  s y n t h e t i c  procedure and t h e r e f o r e  only 

t h e s e  two i n t e r m e d i a t e s  and t h e  f i n a l  product  w e r e  c h a r a c t e r i z e d .  

E thy l  2-furoate-carbonyl-14C (2).  F u r y l l i t h i u m  i n  e t h e r  w a s  prepared 

from n -bu ty l l i t h ium i n  e t h e r  acco rd ing  t o  t h e  method of Ramanathan and Levine 

( 3 ) .  The f u r y l l i t h i u m  s o l u t i o n  w a s  d i l u t e d  t o  a c o n c e n t r a t i o n  of 0.7mmol/lOml 

and a l O m l  a l i q u o t  charged i n t o  a d ry  25 m l  pear  f l a s k .  The c o n t e n t s  of 

t h e  f l a s k  were f r o z e n  w i t h  l i q u i d  n i t r o g e n  and 25mCi of radio-carbon d i o x i d e  

45.OmCi/mmol (0.55 mmol) gene ra t ed  from Ba14C03 and H2SO4 was t r a n s f e r r e d  under 

h igh  vacuum. The c a r b o x y l a t i o n  w a s  allowed t o  c o n t i n u e  ove rn igh t  a t  - 8 O O C .  
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S C H M E  1 

The r e s u l t i n g  suspension was t r e a t e d  with H 0 ,  magnet ical ly  s t i r r e d  t o  2 

d i s s o l v e  a l l  s o l i d s  and t r a n s f e r r e d  t o  a 125 m l  separa tory  funnel  wi th  e t h y l  

e t h e r  and H 0 r i n s i n g s .  I n  the  separa tory  funnel  t h e  two phase mixture  was  

shaken f o r  about  5 min t o  i n s u r e  complete aqueous e x t r a c t i o n  of t h e  l i t h i u m  

2-furoate-carbonyl-14C. The aqueous e x t r a c t  w a s  t r a n s f e r r e d  t o  a continuous 

l i q u i d / l i q u i d  e x t r a c t o r ,  a c i d i f i e d  with concentrated H C 1  and ex t rac ted  for 2 h r  

wi th  e t h y l  e ther .  The volume of t h e  e t h y l  e t h e r  e x t r a c t  was reduced t o  

about 5 m l  by removing t h e  condenser on the  l i q u i d / l i q u i d  e x t r a c t o r  and t h e  

2 
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remain ing  e x t r a c t  coo led  t o  room t empera tu re .  The e x t r a c t  w a s  then  t r e a t e d  

w i t h  excess  d i azoe thane  gene ra t ed  from IG-ethyl-N'-nitro-N-nitrosoguanidine 

(Ald r i ch )  acco rd ing  t o  t h e  method of McKaiap g .  ( 4 ) .  The s o l v e n t  w a s  t hen  

removed by ro to -evapora t ion ,  t h e  r e s i d u e  r e c o n s t i t u t e d  w i t h  3 .0  m l  hexanes /  

e t h y l  a c e t a t e  (98 /2 ,  V / V ) ,  and (2) w a s  p u r i f i e d  by chromatographing  on a 

1 . 5  cm x 3.0 c m  Bio-Si l  A/Bio-Rad (100-200 mesh) column u s i n g  t h e  above 

hexanes / e thy l  acetate m i x t u r e  as t h e  e l u e n t .  The e l u e n t  f r a c t i o n s  c o n t a i n i n g  

(z), r e t e n t i o n  volumes 1 7  m l  t o  43 m l ,  were  ro to -evapora t ed  t o  d ryness  y i e l d i n g  

52.4 mg (0.368 mmol, 16 .8  mCi), 44.5 mCi/mmol, 67% rad iochemica l  y i e l d ,  m . p .  

35O-36OC. 

E t h y l  5-nitr0-2-furoate-carbonyl-~~C (2) .  The p u r i f i e d  e t h y l  2- furoa te-  

carbonyl-14C (2) (52.4 mg, 0.368 mmol, 1 6 . 8  mCi) w a s  r e c o n s t i t u t e d  w i t h  135 pl 

a c e t i c  anhydr ide  coo led  t o  -2OOC and n i t r a t e d  by a modi f ied  procedure  of 

Prousek  eta. ( 5 ) .  

(90%) t o  1.295 ml acet ic  anhydr ide  a t  -2OOC. 

abou t  5 min and a n  a l i q u o t  of 530 p1 w a s  t r a n s f e r r e d  i n t o  t h e  f l a s k  c o n t a i n i n g  

The n i t r a t i n g  r e a g e n t  w a s  p repa red  by add ing  575 ul HNO3 

It w a s  m a g n e t i c a l l y  s t i r r e d  f o r  

(2) a t  -20°C. A f t e r  1 .0  

H 0 and 310 111 p y r i d i n e .  

1 5  min, t r a n s f e r r e d  t o  a 

c r y s t a l l i z e  a f t e r  add ing  

2 

h r  t h e  r e a c t i o n  w a s  s topped  by t h e  a d d i t i o n  of 1 . 4 1  m l  

The m i x t u r e  was hea ted  t o  5 O o C  w i t h  s t i r r i n g  f o r  

25 m l  m i c r o f i l t r a t i o n  f l a s k ,  and (2) w a s  a l lowed t o  

10  ml of H 0 and p l a c i n g  t h e  f l a s k  i n  an  i c e  b a t h .  2 

The c r y s t a l s  were f i l t e r e d  and washed w i t h  i ce  co ld  H 0 fo l lowed  by d ry ing  i n  

a vacuum d e s s i c a t o r  y i e l d i n g  31.0 mg (0.166 mmol, 7.56 mCi), 44 .1  mCi/mmol, 

45% rad iochemica l  y i e l d ,  mp 1OO-10loC. 

2 

2,4-Diacetylamino-6-(5-nitro-2-furyl)-l,3, 5-triazine-6-14C (2 ) .  The 

b iguan ide  condensa t ion  w i t h  (2) w a s  done by a m o d i f i c a t i o n  of a pa ten ted  

Abbot t  p rocess  ( 6 ) .  A s o l u t i o n  of b i g u a n i d e  ( 7 )  (32 mg, 0.316 mmol) i n  1 . 0  ml 

a b s o l u t e  m e t h a n o l w a s  added t o  t h e  31.0 mg (0.166 mmol, 7.56 mCi) (2) i n  

1 . 0  1111 a b s o l u t e  methanol and s t i r r e d  a t  ambient t empera tu re  o v e r n i g h t  iil t h e  
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absence of l i g h t .  DMSO ( 3  ml) w a s  added t o  t h e  a l c o h o l i c  suspension of (4) 
and s t i r r e d  u n t i l  it was completely d i s so lved .  Then 20 ml H 0 w a s  added and 

t h e  p u r i f i e d  (4) al lowed t o  c r y s t a l l i z e  o u t  a t  -1OOC. 

r e f l u x e d  i n  a c e t i c  anhydride f o r  2.0 h r s  and t h e  r e s u l t i n g  (5) s t o r e d  as a 

s o l u t i o n  i n  a c e t i c  anhydride a t  - 1 O O C .  

s p e c t r a l  comparison (A 324 nm and 231 nm) with an  a u t h e n t i c  unlabeled s a m -  

p l e  ob ta ined  from Xbbott  Labora to r i e s .  A y i e l d  of 30.7 mg (0.0996 mmol, 4.54 

mCi), 60% radiochemical  y i e l d ,  (5) w a s  obtained.  The f i n a l  product had a 

s p e c i f i c  a c t i v i t y  of 43.2 mCi/mmol and a radiochemical  p u r i t y  of 94.7%. 

2 

The c r y s t a l s  were then 

I d e n t i t y  of (5) w a s  confirmed by UV 

IUaX 

RESULTS 

14  Based on t h e  amount of Ba C 0 3  (0.55 mmol, 25mCi) a t  45mCi/mmol y i e l d s  of 

67% e t h y l  2-furoate-carbonyl-14C (z), 30% e t h y l  5-nitr0-2-furoate-carbonyl-~~C 

(?), and 18% 2,4-diacetylamino-6-(5-nitro-2-furyl)-1,3,5-triazine-6- 

were obtained.  A s  suggested above (3) can be used t o  s y n t h e s i z e  s e v e r a l  o t h e r  

5 -n i t ro fu rons  inc lud ing  those  used i n  c l i n i c a l  and v e t e r i n a r y  medecine. 

14 
C (5) 
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