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SUMMARY 

The synthes is  of u v i t i ~ - 1 , 3 , 5 - ~ ~ C  a c i d ,  s t a r t i n g  from Ba13C0 
3' 

i s  described. It  allows t h e  preparat ion of severa l  compounds con- 

t a i n i n g  t h e  aromatic and a l i c y c l i c  six-membered l a b e l l e d  r i n g  on 

a micro s c a l e  with good y i e l d s .  

INTRODUCTION 

For a mass spectrometr ic  research we needed aromatic and al icy.cl ic  compounds 

13 with t h e  

s i s  of u v i t i c  -1,3,5- C a c i d  s t a r t i n g  from BaCO 

medium"scale. This a c i d  allowed us  t o  make t h r e e  d i f f e r e n t  s u b s t i t u t e d  benzenes 

and t h e  corresponding cyclohexanes, as wel l  as s'everal i n t e r e s t i n g  intermediate  

products on a micro s c a l e  (0 .5  m mol/purif ied product) .  The synthes is  s t e p s  a r e  

C-atoms i n  spec i f ied  p o s i t i o n s  i n  t h e  r ing .  We developed t h e  synthe- 

1 3  enriched t o  90% l 3 C ,  on a 
3' 

r a t h e r  c l a s s i c a l  ones, but  it turned out t o  be necessary t o  change t h e  experi- 

mental procedures i n  order  t o  maximize t h e  y i e l d ,  ca lcu la ted  on I 3 C ,  f o r  small 

q u a n t i t i e s  of s t a r t i n g  mater ia l s .  The l i q u i d  substances were always p u r i f i e d  by 

gas chromatography, t h e  s o l i d  ones b -  c r y s t a l l i z a t i o n .  With t h e  exception of t h e  

cycloalkanes t h e  y i e l d s  given correspond t o  t h e  values obtained before  t h e  f i -  

n a l  p u r i f i c a t i o n .  The a n a l y t i c a l  p u r i t y  w a s  always b e t t e r  than 99.5 %, checked 

by gas chromatography. The i s o t o p i c  enrichment i n  1 3 C  corresponded t o  t h e  enrich- 

ment of t h e  BaCO 

accuracy ( 2 0.5 % ) .  
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used ( >  90% l 3 C )  wi thin t h e  l i m i t s  of  our mass spectrometr ic  
3 
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Synthesis  

The s y n t h e t i c  r o u t e  i s  shown i n  f i g .  1. Na-acetate-l-13C was obtained from BaCO 

(90% 

of  Pbr 

with 83% y i e l d .  A smaller  excess of  PBr 

t a t e  diminishes 

3 

C )  and CH YgI with a 96% y i e l d  ( a )  {l). By addi t ion  t o  a f i v e  f o l d  excess 

i n  a cooled v e s s e l  it w a s  transformed i n t o  acetyl-l-13C bromide ( b )  {2} 

o r  addi t ion  of PBr t o  t h e  sodium ace- 

1 3  
3' 

3 

3 3 

t h e  y i e l d  because o f  t h e  p a r t i a l  decomposition of  t h e  product by 

l o c a l  overheating.By reac t ion  with Cu ( C N )  t h e  pyruvoni t r i le  - d 3 C  is obtained 
2 2  

with 88% y i e l d  ( c )  13,4); it i s  hydrolyzed t o  p y r ~ v a m i d e - 2 - ~ ~ C  ( a )  by an equiva- 

l e n t  amount of H 0 i n  e t h e r  s a t u r a t e d  with H C 1  and then immediately f u r t h e r  hy- 2 
1 5  drolyzed t o  pyruvic-2- 

was 36%, t h e  product containing about 40% impur i t ies .  

C a c i d  ( e )  with conc. hydrochlor ic  a c i d  {3,41. The y i e l d  

The c y c l i z a t i o n  was performed i n  conc. NaOH at 100' and gave 60% lY2-dihydro- 

1-methyltrimesic -1,3,5- C a c i d  ( f )  {4,5,6}. Na-oxalate-l-"C w a s  i s o l a t e d  as a 

byproduct with 90% y i e l d .  The main product which contained 40% N a C l  was  decarbo- 

1 3  

l.3 
xylated i n  conc, s u l f u r i c  a c i d  under fl t o  give 80% u ~ i t i c - 1 ~ 3 ~ 5 -  C-acid (g) 2 

C4,5,61. 

1 3  
P a r t  of t h i s  ac id  was oxidized with a l k s l i n e  KMnO t o  85% trimesic-1,3,5- 

1 3  

C 4 
a c i d  ( h )  {4}.From t h i s  a c i d  o r  from u v i t i c  ac id  we obtained benzene-1,3,5- 

( i ' )  and toluene-1,3,5- 

line/CuO a t  210'. 

C 

1 3  C ( i )  resp.  i n  80% y i e l d  by decarboxylation i n  quino- 

Another p a r t  of t h e  u v i t i c  a c i d  w a s  reduced by LiA1H4 i n  THF t o  t h e  correspon- 

ding d i o l  (0) { T } .  Diethyl  e t h e r  cannot be used because of  t h e  small s o l u b i l i t y  of 

u v i t i c  acid.  Without f u r t h e r  p u r i f i c a t i o n  t h e  d i o l  w a s  brominated with PBr 

l-methyl-3,5-bisbromomethylbenzene-1,3,5- C ( p )  171 with a y i e l d  of  67%, r e f e r r e d  

t o  u v i t i c  acid.  The reduct ion of t h e  dibromide with L iH/L iAlH4  i n  THF gave 62% 

t o  
3 

13 

J.3 of  m e ~ i t y l e n e - 1 ~ 3 ~ 5 -  c (9) { T I .  

Benzene, toluene and mesitylene were hydrogenated t o  t h e  corresponding cyclo- 

alkanes with Pt02 i n  a c e t i c  a c i d  at atmospheric pressure ( n o t e  1). The y i e l d s  

were 50% f o r  cyclohexane-1,3,5- 

and 65% t rans-  and 5% c i s  1,3,5-trimethylcyclohexane-l,3,5- C (n")  a f t e r  

1 3  1 3  C ( n )  and methylcyclohexane 1,3,5- C ( n ' )  

13 
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gas chromatographic p u r i f i c a t i o n .  The higher  t o t a l  y i e l d  for  t h e  l a t t e r  product 

i s  explained by i ts  lower vapor pressure  a t  room temperature. This  can Strongly 

a f f e c t  t h e  y i e l d s  on a micro s c a l e .  

The oxidat ion of toluene with KMnO i n  d i l u t e  NaOH gave 83% of  benzoic-1,3, 

5- C a c i d  ( n o t e  2) .  Af te r  c a t a l y t i c  hydrogenation with PtO i n  a c e t i c  a c i d  at 

normal pressure t h e  cy~lohexane-carboxylic-l,3,5-~~C ac id  w a s  i s o l a t e d  a t  i t s  

s i l v e r  sa l t  i n  90% y i e l d  (9.); t h i s  s i l v e r  sa l t  w a s  decomposed t o  l-bromo-cyclo- 

hexane-1,3,5- i n  C C 1 4  {81, 

Cyclohexane-1,3,5-13C could also be  obtained from t h i s  compound by reduct ion with 

L i H / L i A l H  

na t ion  of benzene because of  evaporat ion l o s s e s .  

4 
1 3  

2 

13 C i n  50% y i e l d  (m) i n  a Hunsdiecker-reaction with B r  2 

i n  THF, but t h e ' y i e l d s  turned out t o  be smaller  than  by t h e  hydroge- 4 

Notes : - 
1. 5 m mol ben~ene-l,3,5-'~C ( to luene ,  mesi tylene)  were hydrogenated i n  3 ml 

a c e t i c  a c i d  and 100 mg PtO at  atmospheric pressure ,  H - absorbt ion : 320 m l  

i n  10 h. Diluted with 20 m l  pentane, f i l t e r e d  and washed with 30 ml NaOH(2n). 

The org.  l a y e r  w a s  d r i e d  with N a  CO and f i l t e r e d .  The pentane was d i s t i l l e d  

and t h e  product p u r i f i e d  by prepara t ive  gas chromatography, 

2 2 

2 3  

2. 5.6 m mol t o l ~ e n e - l , 3 , 5 - ' ~ C ,  6 m mol KMn04, 2 mlNaOH(2n)and 20 m l  H 0 were 
2 

s t i r r e d  3 h at 90'. Unreacted toluene was removed by an azcotropic  d i s t i l l a -  

t i o n .  4 m mol KMnO 

again during 3 h at 90'. This  procedure was repeated twice (wi th  1; m mol 

KMn04, 2 m l  NaOH(2n) and 8 m m o l  KMnO 

Some NaHSO 

After  f i l t r a t i o n  and drying we obtained 0.58 g (83%) benzoic-1,3,5- 

and 2 ml NaOH(2n) were added t o  t h e  d i s t i l l a t e  and s t i r r e d  4 

2 ml NaOH(2n)). 4 '  
w a s  added t o  t h e  jo ined  so lu t ions  and a c i d i f i e d  with H C 1  t o  pH 1. 

3 
1 3  C acid.  
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