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PREPARATION OF ACETIC-l-'3C AND MALONIC-1-13C ACIDS 
FOR BIOSYNTHETIC STUDIES 
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INTRODUCTION 

Malonic acid is an important precursor of fungal polyketides prodwed 

through condensation of malonyl CoA-derived acetate units (1). Until recsntlv 

the role of precursors in biosynthetic processes was determined experimentallv 

by extensive degradation of end products produced through I 4 C  isotope lahel l i n g  

Development of I3C nuclear magnetic resonance techniques has now made possible 

determination of the labelling pattern without need for chemical degradat-ion, 

using non-radioactive I3C-labelled precursors (2). 

13C-labelled acetate have appeared recently (3-8). 

Several examples utilizing 

13 Since malonic- C acid is not yet commercially available, we have adapted 

synthetic techniques described for preparation of unlabelled and "C-labelled 

malonic acid to the preparation of gram quantities of malonic-1-"C acid, 

using barium carbonate-13C as precursor. 

determinations of malonic-1- C acid and an isolated intermediate, sodium 

acetate-l-13C, are included in this report. 

The syntheses and isotopic purity 

13 

RESULTS AND DISCUSSION 

The synthetic scheme is summarized in the following reaction sequences: 

1) CH3MgI 

3) H30' 

NaOH + CH313COOH -----------.*CH3'3COONa 2) NaOH (1) BaI3CO3 Hf 1 3  co 2 
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T a b l e  1 .  Y i e l d s  a n d  i s o t o p i c  e n r i c h m e n t s  i n  t h e  
s y n t h e s i s  of  a c e t i c  and m a l o n i c  a c i d s  

s t a r t i n g  m a t e r i a l  
-^_- -. 

Z e n r i c h m e n t  Y t M  ._ _ _  ___ __ _. 

bar ium c a r b o n a t e  ________ 
- _ _  5 

h.?C* 85-00 

sodium a c e t a t e  - 
--- 2 

3 
2 .46*  87.  I 

--- 

*Denotes  l 3 C - l a b e l l  ed p r e c i i r s o r s .  

P r o d u c t  ______._l_-l__ 

X y i e l d  Z e n r i c h m e n t  w t  M -_ 
sodium a c e t a t e  

~ ~ 

-_- 1 . 5 1  72.7 
2. 50 89.2 8 7 . 1  

m ~ l ~ n ~ ~ - ~ = < ~ d  * * 
-_- 1.22 48.0 

2.44 64.2 
I. 3 2  L 2 . 3  8 2 . L  

-_- 

_ _ ~  - _- 

**All. v a l u e s  a r e  u n c o r r e c t e d  f o r  a c e t i c  a n h y d r i d e  u s e d  i n  h r o m i n a t i o n  s t e p  
( e q u i v a l e n t  t o  - 4% of a r c t a t e  u s e d . )  

S y n t h e t i c  methods  w e r e  t e s t e d  u s i n g  hotl:  i in1 , ihe l led  and l l C - l n h F l l e d  bar ium 

c a r b o n a t e .  I l l u s t r a t i v ~  r e s u l t s  (Tab le  1) c o n f i r m  t h e  s a t i s f a c t o r y  s c a l e - u p  

o f  t h e  method of Murray (9) f ( , r  p r e p a r a t i o n  i r f  sod ium a c e t a t e .  Average  y i e l d s  

t h r o u g h  t h e  s e c o n d  s e q u e n c e ,  ti, m a l o n i c  a c i d ,  we’re somewhat lower  t h a n  e x p e c t e d  

b u t  r e a s o n a b l y  c o n s i s t e n t .  The methods  of Ropp (10) and Kfigl (11) were m o d i f i e d  

by s i i h s t i  t u t i o n  of commerc in l  p o l v p h o s p h o r i c  a c i d  i n  t h e  p r o t o n a t i o n  of sodium 

a c e t a t e ,  and  a d d i t i o n  o f  a : a l c i u m  c h l o r i d e  [ I rv ing  t u b e  i n  t h e  b r o m i n a t i o n  

s t e p .  Both m o d i f i c a t i o n s  s u p p r e s s e d  t h e  t r o u h l e s o m e  f o r m a t i o n  of  g l y c o l i c  a c i d ,  

by m i n i m i z i n g  t h e  amount o f  m o i s t u r e  a v a i l a h l e  Tor h v d r o l v s i s  of h r n m o n c e t i r  

a c i d .  
I .  

O v e r a l l ,  malonic-I-L’C a r i d  w:as p roduced  i n  17 .8% v i e l d  from b a r i u m  c a r -  

honxtp-  “C, w i  t l i  esser- t i n 1  ly  q u a n t i t a t i v e  i n c o r p o r a t i o n  of l a b e l .  

u s i n g  u n l a b e l l e d  p r e c u r s o r s  i n d i c a t e  o v e r a l l  y i e l d s  i n  esress oE 507 were  

a t t a i n a b l e .  F u r t h e r m o r e ,  s u i t n h l e  m o d i f i c a t i o n s  o f  t h e s e  p r o r e d u r e s  mav p r o v e  

usefiil f o r  p r e p a r a t i o n  i:f 2 - l 3 C - 1 a h e l l e d  a c p t i c  and m a l o n i r  a c i d s .  

R e s u l t  s 

- Sodium A c e t a t e - l - I 3 C .  - The p r o c e d u r e  of  Murray ( 9 )  was m o d i f i e d  s l i g h t l y ,  

t o  accomodate  : ipproximate ly  1 0 - f o l d  l a r g e r  q u a n t i t i e s  o f  r e a c t a n t s .  A vacuun 
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mani fo ld  s i m i l a r  t o  t h a t  d e s r r i b e d  f o r  p r e p a r a t i o n  of benzoic-14C a c i d  (12)  

was employed f o r  carbon d i o x i d e  e v o l u t i o n  and Gr igna rd  r e a g e n t  r a r b o n a t i o n ,  

e x r e p t  t h a t  a t h i r d  man i fo ld  f i t t i n g  was added t o  a l l o w  for i n t e r m e d i a t e  con- 

d e n s a t i o n  o f  carbon d i o x i d e  p r i o r  t o  t h e  ca rbona t ion  r e a c t i o n .  T y p i c a l l y ,  t h e  

carbon d i n x i d e  from 6 . 7 4  g (0.0341 mole) of barium carbonate-13C (Mal l inck rod t  

Chemical Works, St. 1,oui.s. Xo.) and 6 .0  m l  of c o n c .  s u l f u r i c  a c i d  w a s  condensed 

i n  a 150 m l  g a s - t i g h t  vacuum f l a s k  cooled  i n  l i q u i d  n i t r o g e n .  The e v o l u t i o n  

assembly  w a s  then  i s o l a t e d  from t h e  sys t em,  and t h e  vacuum f l a s k  a l lowed t o  warm 

s l i g h t l y  ( t o  -80°C) t o  r e l e a s e  carbon d i o x i d e  a t  a c o n s t a n t  r a t e  t o  a s t i r r e d  

s o l u t i o n  of methylmagnesium i o d i d e  (0 .102  mole) i n  150 m l  of e t h y l  e t h e r .  The 

work-up of  t h e  sodium a c e t a t e  was t h a t  of Murray ( 9 )  w i t h  t h e  e x c e p t i o n  t h a t  t h e  

s a l t  was r ende red  anhydrous  by h e a t i n g  f o r  2 h r s  a t  130-140°C. 

Malonic-l-"C a c i d .  T y p i c a l l y ,  an  e x c e s s  o f  po lyphosphor i c  a c i d  (LO ml) 

and 2 .46  g (0 .0300 mole) o f  sodium ace ta te -1- l3C,  c o n t a i n e d  i n  a 25  m l  pea r -  

shaped f l a s k ,  w a s  h e a t e d  t o  170-180°C w i t h  an o i l  b a t h .  The a c e t i c  a c i d  was 

s lowly  d i s t i l l e d  under  p a r t i a l  p r e s s u r e  i n t o  a 10 m l  two-neck pear -shaped  

f l a s k  coo led  i n  d ry  i ce -ace tone .  Fol lowing  d i s t i l l a t i o n ,  0 .05  m l  of a c e t i c  

anhydr ide  (0.00106 mole a c e t i c  a c i d )  and  0 .01  g of r ed  phosphorus  w e r e  added t o  

t h e  d i s t i l l a t e ;  t h e  f l a s k  w a s  f i t t e d  w i t h  a r e f l u x  condenser  and ca l c ium c h l o r i d e  

d r v i n g  t u b e ,  and was h e a t e d  t o  125-135°C w i t h  an o i l  b a t h .  Then 2 . 5  m l  (0 .0488 

mole) of bromine was c a r e f u l l y  added through t h e  condenser  and t h e  m i x t u r e  

r p f l u x e d  f o r  3 h r s .  The t empera tu re  was reduced  t o  50°C and dry  carbon d i o x i d e  

bubbled  th rough  t o  remove e x c e s s  bromine. C r y s t a l l i n e  b romoace t i c  a c i d ,  formed 

upon c o o l i n g  t h e  s o l u t i o n  t o  room tempera tu re ,  w a s  t hen  d i s s o l v e d  i n  30 m l  of 

w a t e r ,  t r a n s f e r e d  t o  a 100 m l  round-bottom f l a s k  and a d j u s t e d  t o  pH 8 w i t h  s o l i d  

sodium c a r b o n a t e .  To t h e  c o n t e n t s  of t h e  f l a s k ,  s t i r r e d  w i t h  a magne t i c  s t i r r i n g  

b a r  and coo led  i n  an  i c e  b a t h ,  was added s lowly  a s o l u t i o n  of 3 g (0.0612 mole) 

of sodium cyan ide  i n  20 m l  of w a t e r .  The r e a c t i o n  was completed by h e a t i n g  

f o r  1 h r  on a steam b a t h .  The f l a s k  w a s  coo led  s l i g h t l y ,  and 3 g (0 .075  mole) 

of sodium hydrox ide  was added .  

t hen  steam w a s  bubbled  through t h e  s o l u t i o n  t o  remove t h e  l a s t  t r a c e s  of ammonia 

I t  was a g a i n  h e a t e d  on  a s team b a t h ,  f o r  2 h r s ;  
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by-product (13). After the volume of the resulting solution was reduced to E. 

50 ml by distillation of water, it was cooled in an ice bath and 55. 10 ml of 

conc. hydrochloric acid was added. The solution was extracted with ether (3 x 

50 ml), and the extracts combined, dried over anhydrous sodium sulfate, and 

filtered. 

acid. It was then sublimed at 90-100°C and less than 1 mm Hg, m.p. 130-133". 

Although it was of sufficient purity for most applications, the acid could be 

further purified by recrystallization (14). 

The ether was removed under reduced pressure to yield mal~nic-l-'~C 

Analysis of product isotope enrichment. For analysis of sodium acetate 

1 3  -1- C, 0.05 g of dry sodium acetate and 1 ml of 2N sulfuric acid was added to 

a 10 ml screw-cap test tube. The solution was extracted by shaking with ether 

(3 x 1 ml); the combined ether layers were dried over anhydrous sodium sulfate, 

filtered, and concentrated under reduced pressure to z. 0.15 ml. A portion 

of the resulting solution (0.05 ml) was introduced through a metal inlet main- 

tained at 55' to a CEC Model 104 mass spectrometer (ionization voltage, 70 

electron v o l t s ;  filament current, 10 uamps; filament temperature, 250'C). A 

mass spectrum of ether was obtained under the same conditions, so that its 

contribution to the peaks at m/e 60 (parent peak of acetic-l-l*C acid), m/e 45  

(P-CH fragment of acetic-l-12C acid) and m/e 46 (P-CH 3 3 fragment of acetic-l- .- 
C acid) could be subtracted. No peak appeared at m/e 61 in the ether spec- 13 

trum. 

6 1  to the sum of the m/e 60 and m/e 61 peaks. 

a similar analysis of the m/e 45 and m / e  46 peaks. 

An 87.1% enrichment of 13C was then calculated from the ratio of the m/e 

Close agreement was achieved with 

Mal~nic-l-~~c acid was converted to its dimethyl ester with diazomethane 

before analysis of isotopic enrichment in order to enhance the P and P+1 peaks. 

The sample was run o n  the same instrument and under the same conditions as the 

acetic-l-I3C acid. 

the same conditions in order to correct the P+1 peak (m/e 133) for other isotopic 

contributions. The ratio of the P+l to the sum of the P and Pfl peaks was then 

used to determine an enrichment of 8 2 . 4 %  at one of the carboxyl positions. A 

A spectrum of unlabelled dimethyl malonate was run under 
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similar comparison of the m/e 101 (P-OCH3) and m/e 102 peaks, in addition to 14C 

spiking experiments confirmed the enrichment level. 
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