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SUMMARY 

A method o f  carbon-14C i n t r o d u c t i o n  i n t o  t h e  mole- 

c u l e  o f  a new d r u g  4-methyl-2-pyridyl-2-furamide 

h y d r o c h l o r i d e  /MEPAF/ has been e l a b o r a t e d  and 

f ~ r a n - 2 - ~ ~ C - c a r b o x y l i c  a c i d  has been s y n t h e s i z e d .  

R a d i o a c t i v i t y  d i s t r i b u t i o n  and c h e m i c a l  y i e l d s  

i n  t h i s  s y n t h e s i s  were e s t a b l i s h e d .  

Key Words : Fu r f  u ra1-2-14Ca Fu r y l c a  rb in01-2- ’~C,  Fu ran-2- l4C-car-  

b o x y l i c  a c i d  

r i d e ,  D i r n e t h y l f ~ r r n a m i d e - l - ~ ~ C .  

4-Met h ~ l - 2 - p y r i d y l - 2 - ~ ~ C - f  u ramide hyd r o c h l o -  

INTRODUCTION 

4-Methyl-2-pyridyl-2-furamide h y d r o c h l o r i d e  /MEPAF/ i s  a new 

d r u g  e x h i b i t i n g  a b i o l o g i c a l  a c t i v i t y  on t h e  c i r c u l a t o r y  system 

/I/. C o n t i n u i n g  o u r  i n v e s t i g a t i o n s  /2,3/ on l a b e l l i n g  new com- 

pounds i n  o r d e r  t o  f o l l o w  i t 3  me tabo l i sm i n  v i v o  - a method o f  

p rep  a r i n g  14C- 1 a be 11 ed 4-me t h y l -2-p y r i  d yl-2-1 4C- f u ram i de h yd ro- 

c h l o r i d e ,  g, has been worked ou t .  
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RESULTS 

R a d i o a c t i v e  i s o t o p e  o f  carbon 14C was i n t r o d u c e d  i n t o  t h e  mo- 

l e c u l e  o f  4-methyl-2-pyridyl-2-furamide h y d r o c h l o r i d e  i n  t h e  r e -  

a c t i o n  o f  furan,  w i t h  d i m e t h y l f ~ r m a r n i d e - l - ~ ~ C  i n  t h e  p resence  

o f  phosphorus o x y c h l o r i d e  a c c o r d i n g  t o  t h e  Scheme. 

Fur fura l -2-14C,  o b t a i n e d  i n  t h i s  manner, was t r e a t e d  w i t h  

sodium h y d r o x i d e  s o l u t i o n  t o  g i v e  f u r y l c a r b i n 0 1 - 2 - ~ ~ C ,  2,  and 

sodium f ~ r a n - 2 - ~ ~ C - c a r b o x y l a t e ,  4, i n  C a n i z z a r o  r e a c t i o n .  

F u r y l c a r b i n 0 1 - 2 - ~ ~ C ,  3, was e x t r a c t e d  f rom t h e  m i x t u r e  w i t h  

e t h y l  e t h e r ;  t h e  s o l i d  r e s i d u a  was a c i d i f i e d  w i t h  s u l p h u r i c  

acid,  cooled,  and f ~ r a n - 2 - ~ ~ C - c a r b o x y l i c  ac id ,  5, was i s o l a t e d .  

T h i s  ac id ,  5, was t w i c e  c r y s t a l l i z e d  f rom water,  d r i e d  and 

t r e a t e d  w i t h  t h i o n y l  c h l o r i d e  t o  g i v e  f ~ r e n - 2 - ~ ~ C - c a r b o x y l i c  

a c i d  c h l o r i d e ,  5. I t  was t h e n  used w i t h  2-amine-4-methylpyridine 

i n  t h e  s y n t h e s i s  o f  4-methyl-2-pyridyl-2-14C-furamide, 2,  and 

i t s  h y d r o c h l o r i d e ,  8.  
Each s t a g e  o f  t h i s  p r o c e s s  vI3s worked o u t  and checked on un- 

l a b e l l e d  compounds and two f o l l o w i n g  r a d i o a c t i v e  syn theees  / I 

and II/ were c a r r i e d  out, u s i n g  dimethyl formamide- l - IbC o f  

t o t a l  a c t i v i t y :  0,35 m C i  /I/ and 45 m C i  /II/. 

The chemica l  and r a d i o c h e m i c a l  y i e l d  and p u r i t y  were ca re -  

f u l l y  c o n t r o l l e d  i n  b o t h  cases. I t  was observed t h a t  t h e  

chemica l  y i e l d s  o f  t h e  two syn theses  were equal ,  b u t  t h e  r a d i o -  

chemica l  y i e l d s  were d i f f e r e n t  i n  tvlo s t a g e s :  i n  t h e  r e a c t i o n  

o f  f u r a n  w i t h  d i m e t h y l f ~ r m a m i d e - l - ~ ~ C  and phosphorus o x y c h l o -  

r i d e  /I-6ffAJ II-667;/; i n  t h e  C a n i z z a r o  r e a c t i o n  o f  f u r f u r a l -  

2-14C w i t h  sodium h y d r o x i d e  s o l u t i o n  /1-80.;:, 11-6@6/. 

A l l  o f  t h e  l a b e l l e d  compounds have p h y s i c o c h e m i c a l  p r o p e r t i e s  

i d e n t i c a l  m i t h  those o f  i n a c t i v e  s tandards .  
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EXPERIMENTAL 
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The r a d i o a c t i v i t y  were measured  by t h e  s c i n t i l l a t i o n  method 

on "Packa rd  - 3380" a p p a r a t u s .  The c h e m i c a l  p u r i t y  of  t h e s e  

compounds and  t h e  r e a c t i o n  p r o g r e s s  were checked  by TLC on 

t h i n - l a y e r  p l a t e s  c o a t e d  w i t h  s i l i c a  g e l  " K i e s e l g e l  GF 254" 

/Merck/. Developed  z o n e s  were v i s u a l i z e d  u n d e r  UV /254  nm/ 

l i g h t  i l l u m i n a t i o n .  The r a d i o c h e m i c a l  p u r i t y  was d e t e r m i n e d  by  

c o u n t i n g  of  t h e  c o l l e c t e d  and  e x t r a c t e d  s i l i c a  g e l  from the 

r a d i o a c t i v e  s p o t s  of  t h e  chromatogram.  I R  s p e c t r a  were measured  

i n  K B r  on Z e i s s - 3 e n a  U R - 1 0  s p e c t r o m e t e r ,  NMR s p e c t r a  were mea- 

s u r e d  on JEOL-GO MHz s p e c t r o m e t e r  u s i n g  TMS a s  i n t e r n a l  s t a n -  

d a r d .  M e l t i n g  p o i n t s  w e r e  u n c o r r e c t e d .  A l l  c h e m i c a l s  and  s o l -  

v e n t s  were of  a n a l y t i c a l  g r a d e .  The b i o l o g i c a l  t e s t s  were 

c a r r i e d  o u t  a t  t h e  Me tabo l i sm Depar tmen t  of  t h e  I n s t i t u t e  of  

P h a r m a c e u t i c a l  I n d u s t r y ,  Warszawa, P o l a n d .  

F ~ r f u r a l - Z - ~ ~ C  2 
F r e s h l y  d i s t i l l e d  p h o s p h o r u s  o x y c h l o r i d e  /1-1,7 m l ,  18,6 

mmoles; 11-2 ,5  m l ,  27 ,3  mmoles/ was added  f o r  2 0  m i n u t e s  a t  t h e  

t e m p e r a t u r e  of  0-5' and u n d e r  s t i r r i n g  t o  d ime thy l fo rmamide -  

l - 1 4 C  /1-1,5 m l ,  19,5 mmoles, s p e c . a c t i v . - 1 8  pCi/mmole; 

I I - 2 , 2  m l ,  2 8 , 5  mmoles, s p e c . a c t i v . - l 1 5 8  mCi/mmole/. The r e a c -  

t i o n  m i x t u r e  s o l i d i f i e d  fo rming  8 p i n k  complex DMF/POC13; 

i t  was k e p t  a t  0' f o r  40 m i n u t e s  and  t h e n  a f r e s h l y  d i s t i l l e d  

f u r a n ,  1, /1-1,3 m l ,  1 7 , 9  mmoles, 11-1,8 m i ,  2 4 , 7  mmoles/ was 

added  u n d e r  s t i r r i n g .  T h e  m i x t u r e  was h e a t e d  a t  100-120' 

f o r  30 m i n u t e s ,  c o o l e d ,  poured  i n t o  . i c e w a t e r  and  2@6 s o l u t i o n  

of p o t a s s i u m  c a r b o n a t e  was added  t o  make i t s  pH=6; a f t e r  15 m i n .  

pH was c o n t r o l l e d  and  c o r r e c t e d .  Then, the m i x t u r e  was e x t r a c t e d  

w i t h  e t h y l  e t h e r  /150-180 m l / ,  t h e  e x t r a c t  vdas d r i e d  o v e r  sod ium 

s u l p h a t e ,  and  e t h e r  was d i s t i l l e d  o f f .  
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The chemical  y i e l d s  of  f ~ r f u r a l - 2 - ~ ~ C  were: 1-1 m l ,  12 mnoles 

/6PA/, II-1,4 ml, 16,9 mmoles /687;/. 

The rad iochemica l  y i e l d s  were:  I - spec .  a c t i v ,  - 17 ,5  

uCi/mmole, t o t a l  a c t i v .  - 210 yCi/60%/; I1 - spec .  a c t i v :  - 
1,77 mCi/mmole, t o t a l  a c t i v .  - 30,O mCi /66%/. 

T h e  rad iochemica l  p u r i t y :  94,5 - 95,5%. 

F u r ~ l c a r b i n o l - 2 - ~ ~ C  3 and F ~ r a n - 2 - ~ ~ C - c a r b o x y l i c  a c i d  5 

A s o l u t i o n  33% of sodium hydroxide was added s lowly  / f o r  30 

m i n . /  t o  f ~ r f u r a l - 2 - ~ ~ C ,  - 2 ,  placed  i n  an i ce -ba th  /1-1,4 m l  

NaOH aq., I I - 1 , 9  m l  NaOH aq./. The mixture  was Icept a t  room 

tempera ture  f o r  1,5 hour. Furylcarbin01-2- '~C,  3,  was e x t r a c t e d  

w i t h  e t h y l  e t h e r  /I-100 m l ,  11-150 m l /  and t h e  e t h e r  was evapo- 

r a t ed .  

The chemical  y i e l d s  of c a r b i n o l s  were: I-0,34 m l ,  3 ,9  mmolee, 

/65%/; 11-0,5 m l ,  4 ,7  mmoles /670?/. 

T h e  rad iochemica l  y i e l d s  were: I - spec  a c t i v .  - 16 pCi/mmole, 

/3004/; t o t a l  a c t i v .  - 62 p C i  /30%/; I1 - spec  a c t i v .  - 1,87  

mCi/mmole, /32%/, t o t a l  a c t i v .  - 10,65 m C i .  

The rad iochemica l  p u r i t y :  95-96%. 

The s o l i d  residue of sodium f ~ r a n - 2 - ' ~ C - c a r b o x y l a t e ,  4, was 

a c i d i f i e d  w i t h  400A s u l p h u r i c  a c i d  t o  Congo r e d  paper ,  A f t e r  

cool ing ,  t h e  c rude  f ~ r a n - 2 - ~ ~ C - c a r b o x y l i c  a c i d ,  5, was f i l t e r e d  

o f f  and twice c r y s t a l l i z e d  from d i s t i l l e d  water w i t h  an a d d i t i o n  

of d e c o l o r i z i n g  a c t i v e  carbon, t o  g i v e  380 mg, 3,39 mmoles 

/56,50/,/ o f  I and 500 mg, 4,46 mmolee /53c/,/ o f  I1 pure  p roduc t s ,  

5. - 
T h e  rad iochemica l  y i e l d s  of t h e  l a b e l l e d  a c i d s  were: 

I - spec . ac t iv .  - 30,2 ,,uCi/mmole, t o t a l  a c t i v .  - 102,6 , u C i  

/48,8%/; I1 - spec .  a c t i v .  - 1,85 mCi/mmole, t o t a l  a c t i v .  
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The r e s i d u a l  s o l u t i o n s  f rom t h e  c r y s t a l l i z a t i o n s  o f  I and 

11 were evapora ted  under  reduced p r e s s u r e  and second p r o d u c t s  

were i s o l a t e d ,  wh ich  a f t e r  two c r y s t a l l i z a t i o n  f rom w a t e r  gave 

28 mg /0,25 m o l e /  o f  I' s p e c . a c t i v .  - 2 7  ,uCi/mmole, /3%/, 

and 52 mg /0,46 mmole/ o f  11' f ~ r a n - 2 - ~ ~ C - c a r b o x y l i c  ac id ,  

spec.act iv .  - 1,8 mCi/mmole /3;$/. 

M e l t i n g  p o i n t s  o f  a l l  t hese  a c i d s  were 128-130°, and t h e i r  

R f  v a l u e s  i n  t h e  system o f  n - b u t a n o l + a c e t i c  a c i d + w a t e r  /2+1+1/ 

was 0,35. The r a d i o c h e m i c a l  p u r i t y  98-98,576. 

F ~ r a n - 2 - ~ ~ C - c a r b o x y l i c  a c i d  c h l o r i d e  6 

A s o l u t i o n  o f  f ~ r a n - 2 - ~ ~ C - c a r b o x y l i c  ac id ,  5, /I-380 mg, 3,39 

mmole; 11-500 mg, 4,46 mmole/ and f r e s h l y  d i s t i l l e d  t h i o n y l  c h l o -  

r i d e  / I -3  m l ,  11-4 m l /  were r e f l u x e d  f o r  2,5 hours, and t h e  

s o l u t i o n  was evaporated.  Then, t h r e e  20 m l  p o r t i o n s  o f  d r y  

benzene were added t o  remove t h i o n y l  c h l o r i d e  and t h e  c r u d e  

p r o d u c t  was used i n  t h e  n e x t  r e a c t i o n .  

4-Me t h y l - 2  -p y r i d y l - 2  -1 4C- f u ram i d e  h yd r o c  h l o  r i d e  8 

A s o l u t i o n  o f  f u r a r 1 - 2 - ~ ~ C - c a r b o x y l i c  a c i d  c h l o r i d e ,  6 ,  and 

4 -methy l -2 -py r idy lam ine  /I-800 mg, 7,4 mmoles, I1 - 1100 mg, 

10 m o l e s /  i n  d r y  d ioxane  was r e f l u x e d  f o r  3 h o u r s  and t h e  

s o l u t i o n  was f i l t e r e d  i n  t h e  h o t .  The s o l i d  r e s i d u e  was washed 

w i t h  d ioxane  and d i s c a r d e d  / i t  was i d e n t i f i e d  as 4-methyl-2- 

p y r i d y l a m i n e  h y d r o c h l o r i d e / .  4-Methyl-2-pyridyl-2-14C-furamide 

h y d r o c h l o r i d e ,  8,  was p r e c i p i t a t e d  f rom t h e  f i l t r a t e  b y  an 

a d d i t i o n  o f  H C l / e t h y l  e t h e r  m i x t u r e  and i t  uas t h e n  c r y s t a l -  

l i z e d  from e t h a n o l  t o  g i v e  449 mg, 1,9 nmole o f  I /567; chem. 

y i e l d /  and 675 rng, 2,83 mmoles, o f  I1 /63:6 chem. y i e l d / .  
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The radiochemical  y i e l d s  were: I - spoc .ac t iv .  - 20,7 

pCi/mmole, t o t a l  a c t i v .  - 49,4 ,uCi  /48,5%/; I1 - apec .ac t iv .  

- 1,62 mCi/mmole, t o t a l  a c t i v .  - 4,6 m C i  /53,5%/. 

Combined f ~ r a n - 2 - ~ ~ C - c a r b o x y l i c  ac ida  /1*+113/ were ,vorltod 

u p  a s  above t o  g i v e  60 mg /0 ,25 mmole/ o f  4-methyl-2-pyridyl- 

2-l4C-furarnide hydrochlor ide ,  2, of spec . ac t iv .  - 1,l mCi/mmolc, 

t o t a l  a c t .  - 0,27 mCi. 

Melting p o i n t s  of these products  were 224-226', and t h e i r  R f  

va lues  i n  t he  system of n-butanol + a c e t i c  ac id  + t re tor  /2+1+1/ 

were 0,67 a t  20' and 0,7 a t  25'. 

The radiochemical  p u r i t y :  99,SX. 

NMR /D20/, 5 : 2,52/s, 3,CH3/> 4,78 /m,2 , N H . H C l / ,  

6,65/m,l,CH/, 7,45 / m r l , C H / ,  

7,5/m,2,2xCH/, 7,8 / m , l , C H / ,  8,25/m,l,CH/ 

I R  /I<Br/ vC=O - 1670 cm-l 

V NH - 3135 cm" 
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