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SWMARY 

A s imp le  one-step syntheses o f  2-([14CJ-methyl ) f u r a n  and 6-0x0- 
L5-14C1-2-pentenal have been descr ibed. 
was s n thes i zed  by t reatment,  o f  2 - f u r y 1  l i t h i u m  w i t h  14C-methyl i o d i d e ,  

2 -met hy 1 f u ran  . 
Carbon-14 l a b e l e d  2-methyl f u r a n  

and 1 3; C - a c e t y l a c r o l e i n  was ob ta ined  by p e r a c i d  o x i d a t i o n  o f  l a h e l e d  

Key Words - 2- (  [14C]methyl ) f u ran ,  4-0~0[5-1~C]-?-pent .ena l ,  p e r a c i d  o x i d a t i o n  

INTRODUCTION 

The s y n t h e s i s  o f  t r i t i u m  l a b e l e d  2-methyl furan (2-MF) and 3-methyl furan 

(3-MF) were e a r l i e r  r e p o r t e d  f rom t h i s  l a b o r a t o r y  (1 ). 

a r e  capab le  o f  p roduc ing  c e l l u l a r  n e c r o s i s  o f  l i v e r ,  l u n g s  o r  k idney ,  depending 

upon t h e  p a r t i c u l a r  animal spec ies  tes ted .  These me thy l fu rans  a re  m e t a b o l i c a l l y  

a c t i v a t e d  t o  r e a c t i v e  e l e c t r o p h i l i c  i n t e r m e d i a t e s  which b i n d  c o v a l e n t l y  t o  t i s -  

sue macromolecules (2,3). We r e c e n t l y  r e p n r t e d  t h e  i s o l a t i o n  o f  a c e t y l a c r o l e i n  

2 -Ke thy l fu ran  and 3-MF 

(4-0x0-2-pentena l )  as t h e  r e a c t i v e  m e t a h o l i t e  o f  7-MF t h a t  h inds  t o  m ic ro -  

soma1 p r o t e i n s  i n  v i t r o  (4,s) .  T r i t i u m ,  l a b e l e d  i n  t h e  a l k y l  mo ie ty  o f  ?-MF, 

would n o t  he m e t a b o l i c a l l y  s t a b l e ,  more so a f t e r  me tabo l i c  t r a n s f o r m a t i o n  t o  

a c e t y l a c r o l e i n  ( A A ) .  It was hence necessary t o  syn thes i ze  carbon-14 l a h e l w l  

2-MF for use i n  m e t a b o l i c  s t u d i e s  i n  b i o l o q i c a l  systems. A lso ,  i n  nrdcr t o  

e x p l o r e  t h e  p o s s i b i l i t y  t h a t  a c e t y l a c r o l e i n  was t h e  u l t i m a t e  r e a c t i v e  rne taho l i t e  

t h a t  was hound t o  macromolecules, i t  war, necessary t o  dev i se  a method o f  syn- 

t h e s i s  o f  I 4 C - / I A .  

*Author t o  whom i n q u i r i e s  shou ld  be d i r e c t e d .  
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Carbon- la l a b e l e d  7-MF was syn thes i zed  hy r e a c t i o n  o f  ? - f u r y 1  l i t h i u m  w i t h  

[ 14C!-met,hyl i o d i d e ,  and m-ch lo roperbenzo ic  a c i d  o x i d a t i o n  o f  laC-7-MF y i e l d e d  

14C-P.A (Scheme 1 ) .  
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The s y n t h e s i s  o f  2-([14CJmethyl ) f u r a n  d e s c r i b e d  he re  i s  a f a c i l e  one-step 

method, a l l e v i a t i n g  t.he requ i rement  f o r  t h e  u n s t a b l e  and e x p l o s i v e  ' 2 - f u r f u r y l  

c h l o r i d e  used i n  t h e  syn thes i s  o f  t r i t i u m  l a b e l e d  9-MF. The s p e c i f i c  a c t i v i t y  

o f  2-[14C]-rnethylfuran i s  c o n s i d e r a b l y  d i l u t e d  hy t h e  a d d i t i o n  o f  un labe led  

methy l  i o d i d e  f o l l o w i n g  t h e  a d d i t i o n  o f  [1'C] me thy l  i o d i d e .  

a c t i v i t y  o f  7-( [14C]methyl) furan can be i nc reased  s u b s t a n t i a l l y  by u s i n g  o n l y  

[l 'C]-methyl i o d i d e ,  u n d i l u t e d  w i t h  any un labe led  me thy l  i o d i d e .  

chemical  y i e l d  o f  7 - ( [14C lmethy l ) fu ran  may be i nc reased  hy m i n i m i z i n g  t h e  l o s s  

o f  [14C]-methyl i o d i d e  d u r i n g  t r a n s f e r  of  t h e  reagent.  

adaptab le  t o  l a r g e  s c a l e  p r e p a r a t i o n .  

The s p e c i f i c  

The r a d i o -  

The method i s  a l s o  

A c e t y l a c r o l e i n  (AA) i s  an ex t reme ly  r e a c t i v e  compound, and t h e  ca rhon- ld  

l a b e l e d  AA had t o  he p u r i f i e d  by f l a s h  chromatography where t h e  c o n t a c t  t i m e  

o f  AA w i t h  s i l i c a  ge l  was min ima l .  

by f l a s h  chromatography was pure  c i s - A A  as i n d i c a t e d  by NMR spectrum; capah le  

o f  d e t p c t i n g  up t o  5%, t h e  presence o f  t h e  t r a n s  isomer.  Dur ing  HPLC a n a l y s i s  

o f  t h e  p u r i f i e d  c i s - A A ,  p a r t i a l  i s o m e r i z a t i o n  o f  %-A!. t o  t rans-AA t o o k  p lace .  

Th is  was a l s o  apparent from t h e  UV spec t ra  o f  t h e  two  compounds. 

- c i s  isomer has an a h s o r p t i o n  maximum a t  970 nm, t h e  t r a n s  isomer absorbs a t  a 

h i g h e r  wavelength. 

has heen r e p o r t e d  e a r l i e r  (7) .  

The p roduc t  ob ta ined  by  p u r i f i c a t i o n  o f  A A  

Whi le  t h e  

The i so rne r i za t i on  o f  c i s - A A  t o  =-AA i n  a c i d i c  methanol 

The tranS isomer e a s i l y  formed t h e  d i m e t h y l a c e t a l ,  
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F i g u r e  1. Rad ioch romatog ram o f  h i g h  p r e s s u r e  1 i q u i d  c h r o m a t o g r a p h i c  a n a l y s i s  o f  

1 4 C - a c e t y l a c r o l e i n  ( a )  b e f o r e  and ( b )  a f t e r  t r e a t m e n t  w i t h  me thano l  

( s e e  t e x t  f o r  d e t a i l s ) .  

and n o  a b s o r p t i o n  maximum ahove 720 nm was o b s e r v e d  ( 7 ) .  

was t r e a t e d  w i t h  me thano l  f o r  6 h r  a t  doc and t h e n  a n a l y z e d  on HPLC ( F i g .  l ) ,  

t h e  p r o p o r t i o n  of  t h e  t r a n s  i s o m e r  i n c r e a s e d  a s  i n d i c a t e d  b y  t h e  i n c r e a s e  i n  

t h e  amount o f  l a b e l  i n  t h e  second peak o f  t,he u p p e r  c h r o n a t o g r a m  ( F i g .  1 )  

d e m o n s t r a t i n g  t h e  i n c r e a s e d  f o r m a t i o n  o f  t h e  d i m e t h y l a c e t a l  o f  t rans -AA.  The 

u l t r a v i o l e t  s p e c t r a  o f  t h i s  compound shows n o  a b s o r p t i o n  maxima above  220 nm 

( 7 ) .  

e x c l u s i v e l y  G - 1 4 C - P A  was o b t a i n e d ,  i t  underwen t  i s o m e r i z a t i o n  d u r i n g  t h e  

d e t e r m i n a t i o n  o f  i t s  r a d i o c h e m i c a l  p u r i t y  b y  HPLC. However, t a k i n g  i n t o  a c c o u n t  

t h e  amount o f  1 4 C - A A  p r e s e n t  i n  b o t h  t h e  cis f o r m  (872 o f  t o t a l )  and  t h e  

t r a n s  f o r m  (13% o f  t o t a l ) ,  a f t e r  HPLC a n a l y s i s  t h e  r a d i o c h e m i c a l  p u r i t y  was 

g r e a t e r  t h a n  96%. 

Thus, when G - I 4 C - A A  

A l t h o u g h  a f t e r  t h e  i n i t i a l  p u r i f i c a t i o n  o f  14C-Ab by f l a s h  ch romatog raphy ,  

- 
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Both 1 4 C - A A  and 14C-2-MF a r e  s e n s i t i v e  t o  a i r  and s u h j e c t  t o  photodpcomposi- 

t i o n .  Carbon-14 l a b e l e d  2-MF shou ld  he s t o r e d  i n  t.he da rk  a t  -7OOC and he 

p u r i f i e d  by p r e p a r a t i v e  gas chromatography immed ia te l y  p r i o r  t o  use i n  h i o l o g i c a l  

exper iments,  and I 4 C - A A  shou ld  he syn thes i zed  and p u r i f i e d  immedia te ly  b e f o r e  IISP. 

EXPERIMEMTAL 

Au then t i c  Z-MF, fu ran ,  t - h u t y l  l i t h i u m  i n  pentanp and m - c h l o r p e r b h z o i c  

a c i d  were ob ta ined  f rom A l d r i c h  Chemical Co. (Mi lwaukee, \,!I) and carbon-14 

l a b e l e d  methy l  i o d i d e  (sp. a c t i v i t y  30 mCi/mmole) f rom ICV Chemical and Radio- 

i s o t o p e  D i v i s i o n  ( I r v i n e ,  CA). S i l i c a  ge l  60 (200-400 mesh) was s u p p l i e d  hy 

E. Merck, Germany. A l l  s o l v e n t s  were d i s t i l l e d  p r i o r  t o  use. 

P r e p a r a t i v e  gas chromatography was per fo rmed on a Var ian  Aerograph Model 70n 

(Var ian  Assoc ia tes ,  Pa lo  A l t o ,  C A ) ,  equipped w i t h  a thermal  c o n d u c t i v i t y  d e t e c t o r  

and a 25 m aluminum column (0.7 cm i.d.), packed w i t h  107, 0V-101 on lOf l / l?cl  Gas- 

Chrorn Q (App l i ed  Science, S t a t e  Co l lege,  PA). 

a t  a f l o w  r a t e  o f  120 ml/min.  The column oven tempera tu re  was ma in ta ined  a t  

80"C, w h i l e  t h e  i n j e c t o r  and d e t e c t o r  tempera ture  were kep t  cons tan t  a t  150°C. 

C a r r i e r  gas (he l i um)  was ma in ta ined  

HPLC a n a l y s i s  was c a r r i e d  o u t  on a Waters Assoc ia tes  ( M i l f o r d ,  MA ALC/ 

6PC204) l i q u i d  chromatograph equipped w i t h  a K r a t o s  Model 773 v a r i a b l e  r a v e -  

l e n g t h  d e t e c t o r  u s i n g  a Waters Assoc ia tes  il-Bondapak C18 column (0.94 x 50 cm) 

w i t h  5% a c e t o n i t r i l e / w a t e r  as m o b i l e  phase. 

P ro ton  NMR spec t ra  were recorded a t  room tempera tu re  on a JFOL-60 FX 

spec t rometer  i n  d e u t r a t e d  c h l o r o f o r m  w i t h  t e t r a m e t h y l s i l a n e  as i n t e r n a l  standard.  

Gas chromatography mass-spec t ra l  a n a l y s i s  was per fo rmed on a Var ian  MAT 44 

spec t rometer .  The GC separa t i ons  were accompl ished on a g l a s s  column c o n t a i n i n g  

3% "-17, opera ted  ove r  a tempera ture  g r a d i e n t  o f  30"-101l"C (5"C/min), u s i n g  

h e l i u m  as c a r r i e r  gas. 

mode. U l t r a v i o l e t  s p e c t r a  were recorded on an HP-8450 spec t rophotometer  (Hew le t t  

Packard, P a l o  A l t o ,  CA). 

Mass spec t roscopy  was per fo rmed i n  t h e  e l e c t r o n - i m p a c t  

2-(C14C]methyl)furan: The s y n t h e s i s  was an a d a p t a t i o n  o f  t h e  procedure  

desc r ibed  by Benkeser and C u r r i e  f o r  t h e  s y n t h e s i s  o f  ? - f u r y 1  t r i r n e t h y l s i l a n e  
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(8). 

neck f l a s k  under an atmosphere o f  d r y  n i t r o g e n  and a s o l u t i o n  o f t - b u t y l  l i t h i u m  

i n  pentane (0.122 g, 1.8 mmol) was added dropwise  w i t h  s t i r r i n g  a t  room tem- 

pe ra tu re .  The r e a c t i o n  m i x t u r e  was s t i r r e d  f o r  2 h r  and [14C]-methyl i o d i d e  

0.004 g (30  mCi/mmol) was added. A f t e r  s t i r r i n g  f o r  1 h r ,  methyl  i o d i d e  0.13 g 

(0.9 mmol) was added and t h e  s t i r r i n g  con t inued  f o r  3 hr. 

stopped by t h e  a d d i t i o n  o f  1 m l  o f  0.05 PI HC1. 

washed w i t h  wa te r  and d r i e d  ove r  anhydrous sodium s u l f a t e .  

A l i q u o t s  o f  t h e  e t h e r  s o l u t i o n  were w i thdrawn u s i n g  a 750 111 g l a s s  

Furan, 1, 0.122 g (1.8 mmol) i n  5 m l  o f  d r y  e t h e r  was p laced  i n  a t h r e e -  

The r e a c t i o n  was 

The o r g a n i c  l a y e r  was separated, 

s y r i n g e  (Pressure-Lok Gas Syr inge,  P r e c i s i o n  Sampling Corp., Baton Rouge, LA) 

and i n j e c t e d  on to  a p r e p a r a t i v e  gas chromatography column (GC). Carbon-14 

l a b e l e d  2-MF was t rapped  i n  a g l a s s  vessel  immersed i n  l i q u i d  n i t r o g e n .  The 

produc t  was examined by mass spec t romet ry  and found t.o e x h i b i t  e x a c t l y  t h e  same 

mass spectrum as pure,  a u t h e n t i c  2-MF [ y i e l d  24.6 mq, ( y i e l d  33%) sp. a c t i v i t y  

0.1 InCi/mmol, rad iochemica l  y i e l d  9.1,). The carbon-14 l a b e l e d  2-MF was d i l u t e d  

w i t h  pure,  a u t h e n t i c ,  n o n r a d i o a c t i v e  7-MF and i n j e c t e d  on t o  t h e  p r e p a r a t i v e  

GC. The e f f l u e n t  was c o l l e c t e d  eve ry  two minutes  i n  a g l a s s  t r a p  under l i q u i d  

n i t r o g e n .  The condensate was f l u s h e d  ou t  w i t h  3 m l  o f  methanol and counted i n  

a l i q u i d  s c i n t i l l a t i o n  coun te r  a f t e r  t h e  a d d i t i o n  o f  10 m l  o f  s c i n t i l l a t i o n  

l i q u i d .  The rad iochromatograph ic  p u r i t y  was > 98%. 

1 % - A c e t y l a c r o l e i n  4: 2-Ch loroperbenzo ic  a c i d  (210 mg, 1.03 mmol) was 

d i s s o l v e d  i n  2 m l  o f  d ich lo romethane i n  a 5 m l  r e a c t i v i a l  equipped w i t h  a 

t e f l o n  septum and immersed i n  an i c e - b a t h  a t  4°C. 

C98.4 mg (1.2 mmol) sp. a c t i v i t y  1.7 uCi/mmol) was i n j e c t e d  s l o w l y  th rough  

t h e  t e f l o n  septum. A f t e r  be ing  s t i r r e d  a t  4°C f o r  1 5  min,  t h e  r e a c t i o n  was 

s topped by t h e  a d d i t i o n  o f  1 m l  o f  s a t u r a t e d  sodium b i ca rbona te  s o l u t i o n ,  

vo r texed  and t h e  aqueous l a y e r  removed. 

aga in  w i t h  1 m l  s a t u r a t e d  sodium b i ca rbona te ,  f o l l o w e d  by water  and d r i e d  

over  anhydrous sodium s u l f a t e .  

c rude I 4 C - A A  was p u r i f i e d  hy f l a s h  chromatography Over a column o f  s i l i c a  

Carbon-14 l a b e l e d  2-MF 3 

The o rgan ic  l a y e r  was washed once 

The s o l v e n t  was evapora ted  i n  vacuo and t h e  
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ge l  u s i n g  25% e thy lace ta te -hexane  as mob i l e  phase. F r a c t i o n s  were c o l l e c t e d  

eve ry  15  sec and an a l i q u o t  was mon i to red  f o r  r a d i o a c t i v i t y  hy l i q u i d  s c i n t i l -  

l a t i o n  count ing .  Another a l i q u o t  o f  each f r a c t i o n  was s p o t t e d  on a s i l i c a  ge l  

coated TLC p l a t e  a long w i t h  a u t h e n t i c  a c e t y l a c r o l e i n  ( s o l v e n t  1:3 e t h y l a c e t a t e -  

hexane). 

under vacuum ( y i e l d  50 mg, 42.5% sp. a c t i v i t y  1.7 l lCi/mmol). 

F r a c t i o n s  c o n t a i n i n g  pure  I 4 C - A A  5 were combined and s o l v e n t  evapora ted  

Radiochemical  p u r i t y  was e s t a h l i s h e d  by a n a l y z i n g  an a l i q u o t  of  p u r i f i e d  

14C-AA by HPLC on a u CI8 Rondapak column u s i n g  5% a c e t o n i t r i l e / w a t e r  as mob i l e  

phase a t  a f l o w  r a t e  o f  2 ml/min. F r a c t i o n s  were c o l l e c t e d  eve ry  0.5 min and 

t h e  r a d i o a c t i v i t y  de termined by l i q u i d  s c i n t i l l a t i o n  c o u n t i n g  (F ig .  1 ) .  The 

rad iochemica l  p u r i t y  o f  I 4 C - A A  was > 96%. 

The f l a s h  ch romatog raph ica l l y  p u r i f i e d  14C-AA was examined by mass 

spec t romet ry  and NMR, and found t o  he i d e n t i c a l  w i t h  a u t h e n t i c  sample. 

m/e ( r e l a t i v e  abundance X )  - 98 (5.69, M t ) ,  89 (19.63), 55 (66.04), 43 ( l o o ) ,  

47 (59.96). 

PMR - 6 ppm - 10.2 (d,  l H ,  J=7Hz), 6.96 (d,  l H ,  J=12 Hz), 6.15 (4, l H ,  

J=12.7 H z )  2.38 (3H, s ) .  
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