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A CONVENIENT SYNTHESIS OF [ CARBONYL-I 4C] -4-HYDROXYBENZALDEHYDE 

Herbert  L. Holland and Nighat Su l t ana  
Department of Chemistry,  Brock Un ive r s i ty ,  S t .  Ca tha r ines ,  
On ta r io ,  Canada. L2S 3 A 1  

S W R Y  

A two-step s y n t h e s i s  of t h e  t i t l e  compound from [ ~ y a n o - ~ ~ C ] -  
copper(1) cyanide i s  desc r ibed .  The method i s  e x t e n s i b l e  t o  t h e  
p repa ra t ion  of carbonyl- label led 3,4-dihydroxybenzaldehyde. 
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INTRODUCTION 

The a romat i c  aldehydes,  4-hydroxy- and 3,4-dihydroxybenzaldehyde (1 and 2, 

r e s p e c t i v e l y )  a r e  key i n t e r m e d i a t e s  i n  t h e  chemical s y n t h e s i s  of t h e  phenyl- 

e thylamine neuro-amines (l), aromatic  amino a c i d s  such a s  t y r o s i n e  ( 2 ) ,  and t h e  

r e l a t e d  k e t o a c i d s  (2-4). P rev ious ly  desc r ibed  syn theses  of carbonyl- label led 

- 1 have involved mul t i - s t ep  procedures  from 14C02 (5-7) o r  K14CN (8) ;  a 

s i m p l i f i e d  procedure f o r  t h e  p r e p a r a t i o n  of [carbonyl-’ 4C] -1 has  been desc r ibed ,  

bu t  i s o l a t e d  y i e l d s  and s p e c i f i c  a c t i v i t i e s  were n o t  r epor t ed  ( 9 ) .  Syntheses of 

[ ~ a r b o n y l - ~ ~ C ] - &  by mul t i - s t ep  procedures  from e i t h e r  14C02 (10) o r  KI4CN (11) 

have a l s o  been desc r ibed .  

We now r e p o r t  a convenient s y n t h e s i s  of [ ~ a r b o n y l - ~ ~ C ] - L  which proceeds i n  

on ly  two s t e p s  from Cu14CN, according t o  t h e  fol lowing scheme: 

CN CHO 

- 1. R = H  4 @ 7 @ R 2. R = OH 

YO HO HO 
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I n  exper iments  w i th  u n l a b e l l e d  material ,  w e  have a l s o  o b t a i n e d  2 by t h e  r o u t e  

shown, s t a r t i n g  from 4-bromocatechol.  

The key f e a t u r e s  of o u r  s y n t h e s i s  are t h e  f o l l o w i n g :  q u a n t i t a t i v e  

convers ion  of Na14CN t o  Cu14CN by t h e  s t a n d a r d  procedure  (12 ,  1 3 ) ;  d i r e c t  

convers ion  of 4-bromophenol t o  [ cyano-' 4C]-4-cyanophenol w i thou t  t h e  u s e  of a 

p r o t e c t i n g  group;  and r e d u c t i o n  of t h e  n i t r i l e  group t o  t h e  a ldehyde  by a 

m o d i f i c a t i o n  of t h e  method of Omura (14 ) .  The photochemica l  r e d u c t i o n  o f  t h e  

n i t r i l e  f u n c t i o n a l i t y  t o  a ldehyde  proceeded i n  h i g h  y i e l d  i n  aqueous s o l u t i o n  

when i o d i d e  i o n  w a s  used as t h e  e l e c t r o n  donor.  Th i s  method c i rcumvents  t h e  

expe r imen ta l  problems a s s o c i a t e d  wi th  t h e  micro-sca le  use  o f  t h e  metal hydr ide  

r educ ing  a g e n t s  ( 5 ,  6 ,  10) o r  a c t i v e  metal c a t a l y s t s  (8 ,  9 ,  11) which have been 

used  i n  p rev ious  s y n t h e s e s  of [ carbonyl- '  4C] -1. 

EXPERIMENTAL 

[Cvano-14C]-4-cyanophenol: I n  a 10 mL f l a s k ,  [14C]-copper ( I )  cyanide  (89 mg, 

1 mmole S. A.  2.93 mCi/mmole, p repa red  from Na14CN (12, 1 3 ) ) ,  4-bromophenol 

(173 mg, 1.1 mmole) and DMF (2 mL, d r i e d  by d i s t i l l a t i o n  from P2O5) were 

r e f l u x e d  under n i t r o g e n  f o r  3% h. The r e a c t i o n  mix tu re  w a s  t hen  coo led  and 

d i l u t e d  wi th  a s o l u t i o n  o f  f e r r i c  c h l o r i d e  h y d r a t e  (1 .5  g )  i n  water ( 3  mL) and 

concen t r a t ed  H C 1  (1 mL). 

o i l y  l a y e r  w a s  v i s i b l e ,  and wh i l e  w a r m  w a s  e x t r a c t e d  w i t h  e t h e r .  The e t h e r  

e x t r a c t  w a s  washed w i t h  water ,  d r i e d  (Na2SO4) and evapora t ed .  The r e s i d u e  w a s  

t h e n  chromatographed on s i l i c a  g e l  u s i n g  benzene, benzene-e ther  (1:l) and e t h e r ,  

s u c c e s s i v e l y ,  as e l u e n t s .  Unreacted 4-bromophenol w a s  removed i n  t h e  benzene 

f r a c t i o n s ;  pure  4-cyanophenol w a s  e l u t e d  by e t h e r .  I s o l a t e d  y i e l d s  i n  

s u c c e s s i v e  exper iments  v a r i e d  from 40 t o  55 p e r c e n t .  

[Carbonyl-I 4C] -4-hydroxybenzaldehyde (J] : 

(25 mg, S . A .  2.93  mCi/mmole), and potass ium i o d i d e  ( 1 . 4  g)  i n  0.09 M aqueous 

potass ium hydroxide  (25 mL) was i r r a d i a t e d  f o r  8 h under a n i t r o g e n  atmosphere 

wi th  an  Hanovia 140 W Hg lamp ( u n f i l t e r e d ) .  The r e a c t i o n  mix tu re  w a s  t hen  

coo led ,  a c i d i f i e d  (10% HC1) t o  pH 4 . 5 ,  and e x t r a c t e d  w i t h  e t h y l  a c e t a t e  

( 4  x 25 mL). The e x t r a c t  w a s  washed (1 M sodium t h i o s u l p h a t e ,  (LO mL), 

The r e s u l t i n g  m i x t u r e  w a s  warmed a t  50-60" u n t i l  no 

A s o l u t i o n  o f  [cyano-' 4 C ]  -cyanophenol 
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followed by wa te r  (10 mL)), d r i e d  (Na2SOq) and evaporated.  The r e s i d u e  w a s  

f r e e d  of r e s i d u a l  su lphur  by sub l ima t ion  under vacuum, l eav ing  pure A(20 mg, 

80%), S.A. 2.93 mCi/mmole. 

4-Cyanocatechol: 4-Bromocatechol (189 mg, 1 m o l e )  and copper(1)  cyanide (89 mg, 

1 mmole) were hea ted  i n  r e f l u x i n g  d ry  DMF (2 mL) under n i t r o g e n  f o r  5 h .  

r e a c t i o n  mix tu re  was cooled and worked up a s  desc r ibed  above, t o  y i e l d  t h e  t i t l e  

compound (56 mg, 41%).  

3,4-Dihydroxybenzaldehyde (2 ) :  4-Cyanocatechol was reduced p h o t o l y t i c a l l y  by t h e  

procedure desc r ibed  above, using an i r r a d i a t i o n  t i m e  of 1 2  h .  The t i t l e  compound 

was ob ta ined  a s  t h e  s o l e  product .  
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