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S U M M A R Y  

The exchunge wact ion  o f  carboxyl groups with carbon dioxide has been 
l 

studied i n  thermal decomposition of aiiphat icdicarboxyl ic  acid d i s o d i m  
s a l t s .  I t  has been f o m d  that  exchange takes place under given experi- 
mental conditions. In some eases the pmcess  resu l t s  in considerable 
erehange even i n  lower conversion ranges therefore it i s  of significance 
i n  the f i e l d  of  isotopes techniques. 

\ 1 -.'! 
m b o x y l  groups I n  t h e  , ,. . 

ni tiaii&'ori.ia.cicn of' a l i p h a t i c  c a r b o v l a t e  s a l t s  can  be 
G -  c i;cc.;nit:ues (h'i?;.l j .  ';'he r a t e  of t h i s  
&5 i  t o  iieyenri on t h e  na ture  of corresponding 

~ . . L i v : i .  1;' L.!E c.'" .\c-inn&e p r o c e s s  shows some analogy t o  the 
iien.;cl ce,lcfiun tncli on the bas i s  of a widely accepted uechanism 
;or. SL'C.1 t ,?Jllslo3lat  ~011s ' -  "-7 

c n ~ : c o ~ y l  i;raups and GO2 can  be expected too. These fi'ndings 
s e w  t o  j u s t i f y  t h e  study of  this phenomenon i n  the c a s e  of 
a l i 1 L r ; i c  c a r b o - a l a t e  s a l t s  i n  s p i t e  of t h e  observa t ion  of 
ljuiller and coworkers'") who s t a t e d  t h a t  the thermal decomposition 
p r o c e s s  of' l i t h i u m  phenylace ta te  e f f e c t e d  i n  t h e  presence of  
14CG2 was accoupanied only ; . i t h  a s l i g h t  i n c o r p o r a t i o n  of I 4 C  

i n t o  the res -uua l  phenylace t ic  ac id .  

(Pig.2 ), exchange between 
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Fig .I 

In this paper  we wish t o  r e p o r t  o m  e q e r i n e n t a l  r e s u l t s  
ob ta ined  for the exchange r e a c t i o n s  o f  c z r b o q l  I r o u p  L i t h  
I4CO2 s t u d l e d  i n  trie tnermal  t ransZorua t ion  process  ci^ 5oLie 
a l i p h a t i c  d icarboxyl ic  a c i d  disod;iuu s a l t s .  

Fig. 2 

~ ~ ~ 1 ~ ; " ~ ~ ~ ~  

S t a r t i n ; .  ua te r ;a l s  

method. An equiva len t  araount o f  , l a ~ . ~  ..olui. i ~ i i  

oxyl ic  a c i d  i n  wdtcr. The so lu t io i r  .:as 

vacuo a t  20: OC f o r  2 hours. P u r i t y  01' clic ~ r o a u c t  -:;as c,ieckeci 
by N a  a n a l y s i s .  

P r e i . a r a t i o n  of s o d i m  sa l t s  ::'as car r iLd  o 

Athane-I .I ,2-tricarbo.uylic ac id  
4he compound was pre>aiw.i froi; ethyl A-brocioacetate anu  

d ie thylmalonate  by the  Liethou used f o r  pen.tine-4 ,I ,T - t r i ca rb -  
o x y l i c  a c i d .  The e s t e r  forned  was d i s t i l l e d  i n  V ~ C U O  (b.1. 

155 O C / 8  mm Hg). !Pire t r i c a r b o x y l i c  a c i d  obta ined  i n  the course 
o f  a l k a l i n e  hydrokvsis  was c ryc ' . a l l i zed  from l a t e r ;  m.p. 
156-3 O C ;  y i e l d  52 % (for e t h y l  d-bromoacetate) .  



Carbow 1 Group-C02 115 

c-scr ibeu  above from d i e t h y 1  lllalonate and /J -bmmopropionic 
ac id  e t u l  e s t e r  timn subjec ted  t o  a l k a l i n e  h y d r o l i s i s .  The 
a c i d i f i e d  re . , c t ion  mixture  was evaporated t o  dryness  and t h e  
t r i c a r b o x y l i c  a c i d  d i s s o l v e d  w i t h  a l c o h o l  from the s o l i d  res idue .  
lhc alcoliol was d i s t i l l e d  and, on the a d d i t i o n  o f  acetone,  the 
syrupy r e s i d u e  c r y s t a l l i z e d .  Yiela  55 70 ( f o r  e t h y l  / -bromo- 
1>1,oi i o n a i a j  ; u.p. 14u-42 OC. 

a u t m e - l  ,I ,4 - t r icarboxyl ic  a c i d  
I'he t r i e t u l  ester of this a c i d  (b.p. 175 OC/12 mm Hg) was 

prepared  and then  hydroljrzed-bj the method mentioned above. 
Tile b u t a n e t r i c a r b o x y l i c  a c i d  was p r e c i p i t a t e d  from concent ra ted  
e t l v l  a c e t a t e  s o l u t i o n  wi th  petroleum e t h e r .  Yield 61 % (based 
on e t h y l  

Yentsne-1 ,I , 5 - t r i c a r b o r ~ l i c  a c i d  
-.tiyl ,S-brouiovalerate was r e a c t e d  vdth diethyl  malonate in 

the Lresence or' sodium ethoxide.  The r e s u l t i n g  t r i e t h y l  e s t e r  
,.as u i s t i l l e d  i n  VJBCUO (b. . ?65-70 OC/4  m iIg) and hydrolyzed 
i n  squious s o l u t i o n  o f  KOIJ'' ' . Tile homo,enous ' s o l u t i o n  was 
ccnce;:i;r.a~or; l;.ie> aciai , ' ied w i t h  cc. H G 1  t o  p H  1 and e x t r a c t e d  
v:-t;i ether.. h e  exLract  was dried over Na2S04 and evaporated t o  
drxness. i i e l d  62 ;" (based on e t h y l  
?,>-YO 'i: (from e t h e r  - petroleum e t h e r ) .  

:..ethod for the  stucly o f  t h e  exchanRe r e a c t i o n  

conai  t ioi is  r e r e  cf i 'ected on t h e  bas j  s of der ivatograms recorded 

r-bromobutyrete:; m.p. 13911-0 OC. 

hbromovalera te ) ;  map. 

*The s t u d y ,  01' ther :dos tau i l i ty  and th6 choice  o f  r e a c t i o n  

t y r e  Lrdey-l'aulik der iva tograph  i n  N2 s t ream (15 l/b). 
Yiie r e s u l t s  a r e  shown i n  Table  I. 

The exchange r e a c t i o n  c a r r i e d  out  i n  a metal b a t h  

On p l a c i n g  d icarboxyl ic  a c i d  disodium s a l t  ( I0  mM) in a 
thermosta t  was s t u e i e d  i n  t h e  fo l lowing  way. 

tube and d i s t i l l i n g  I4CO2 (2 rnM; spec.act. 1.SS-107 dpm/Db!) the 
tube was s e a l e d  and p l a c e d  i n  a thermostat  and k e p t  a t  an 
a p p r o p r i a t e  temperature. I n  e l a b o r a t i n g  th& samples, the conversion 
was u e t e n i i n e d  by the i s o t o p e  d i l u t i o n  method from an a l i q u o t  of 
the aqueous s a l t  s o l u t i o n .  The recovered acids were p u r i f i e d  by 
repea ted  r e c r y s t a l l i z a t i o n s .  Purity of the products  was checked 
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by u1.p. and C ,  H a n a l y s i s .  H a b o a c t i v i t y  ueasurcL,ent, eLe >“I- 
formed i n  dioxane s o l u t i o n  by Ream o f  a Packd-a El-1-Carb s c i n t d -  
l a t i o n  spec t rometer  Lode1 574. The r e s u l t s  a r e  hiveil in ?able  11. 

Table I 
Thermograv1mer;rlc parameters  o f  t h e  sodiuu carbopj la  t e s  

i)ecomposition ~ r 3  ~ 1 ’ ~ t m t  i- I >  1( 2 i J )  1.1 

I ni t i  a1  uTG peax I L 

I d a  320 550 ,  510 1 2  1 3  
h%Na 370 400, 500 18 , 
EKNa 570 430,  510 22 13 
SNa 420 4‘30 - 13 - 
ETNa 330 330, 476 1 0  1 G  
G:?a 450 503 - 55 - 
PRTNa 350 390, 480 P 1 4 
kNa 440 430 - 41 - 
BTNa 400 4b0 - 92 - 
PNa 41 0 503 - 44 - 
PTNa 380 430, 500 17 2 9 

“t‘l L Salts’  i L S )  

--- 

* Abbrev;ations: 
MTa: Disodium malonate; GrNa: i)isoUius :wi;lylnal .na te ;  
ZXXa: b i s o d i u  t.t’nj.lmalonai;e; SNa: b isodiuu  s u c c i n a t e ;  
ETNa: Ethanc-I ,I ,2-tricarbboxyyiic a c i d  trLsodi.ur; x t l t  ; 
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Table I1 
bxc han;e d a t a  

2e .gcra ture  h u e  Jonvers ion  I iau ioac t iv i ty  Xxchan;e= 
of r e s i a u e  

VO 
120 
,l20 

30 
60 
v0 
60 
60 
60 
120 
120 

0.728 
1.250 
0. j64 
2.620 
0.1 yl 
0 
0.711 
0.900 

0 
0.645 
1.780 

21.3 
36.6 
25.2 
76.6 
5.6 
0 

20.8 
23.4 
0 
18.5 
40.4 

* :Lbbreviations sre tlic same as i n  Table I. 

%* ,I'il..se 1 - a r t i c u l s r s  ~ d v e  the e x t e n t  o f  e q u i l i b r i m  d i s t r i b u t i o n  
i n  l. ,ercenh&c. 

Accoruin;. L C  i'aole I;, con:2iderLLble excimnGe can be observed 
be Li::eea tile u:irbox;l ,,roq s and GO2 i n  the  thermal decomposition 
o f  t h e  s a l t s .  ,L'rfis exchunGe r e a c t i o n  i s  i n  soLie i n s t a n c e s  s o  f a s t  

Liiat i t  n c a r l y  l e a d s  t o  equi l ibr ium d i s t r i b u t i o n  even i n  lower 
raiioes OL' cowers ior i ,  t i iercfbre  i t  i s  o f  cons iderable  importance 
i n  tkic ;iclu o f  i s o t o p e  t r s c e r  tecimiquues'12). 

'Yhe re:.mikaole d i l l e r e n c e  i n  the thermal t ransformat ion  
I ~ c c e s ; s e s  o f  oro! ia t ic  anu a l i p h a t i c  carboxgl ic  a c i d  s a l t s  may 
1,:obobly JO 3 L ~ r i b u t e d  t o  the  presence ana great 1:iobility o f  4- 
hj aroi.:ens" ;i'. Gonscquvntly, i n  the  course  o f  t h e  thermal 
uecoinposition ci' A i i . l i a t i c  carboxyl ic  s a l t s ,  iiyurogen s p l i t t i n g  
and subsequelit  carbc,uylaticn r . i l i  mainly occur  on tne  4( -carbon 
atoni r e s u l t i n ; ;  rialonate tJTe in te r lnea ia tes  (2 ig .3  j .  
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H-CH2COCIId j ( R - C S ;  + C02 + I'+ 
- 

R-CH2COW + R-CH;) _iL R-CH3 + (d-Cii-COOi'l) - 
(R-CH-COOM) + co2 + E+ J-CH~COOK)~ 

Fig.3 

The l a t t e r  have, however, shown no t h e r u o s t a b i l i t y  under the 
experimental  c o n d i t i o n s  chosen (I'able I ) ,  and a f t e r  decarboxylat ion 
and subsequent hydrogen s p l i t t i n g  t h e s e  a r e  transTormed i n t o  the  
s t a r t i n g  s a l t s ,  p r o d u c i w  another  p r o t o n  d e l i c i e n t  fragment. 
Thus, i n  a d d i t i o n  t o  t h e  hydrogen t r a n s f e r  process  (Ii' 915), uecarboxy- 
l a t i o n  of  the malonate type product  roriiled i n  c:iilo.rj.labion LLU 
t a k e s  p a r t  i n  this fragment-r-epl.ouucini, jroccss ( iY! : .4 ) .  

Fig.4 

It i s  i n  t h e  l a t t e r  r e a c t i o n  t h a t  t-he cxchori.,u betlleca carboqyl  
groups and C02 o c c w s  i n  o u r  i n t e r p r e t a t i o n  o f  ttic iiec!ial!isn. 

I n  o m  opin ion ,  i t  i s  h i L h l y  y robao le  tk1a.c t h c  - , . rotcr i  

a e f i c i e n t  fragment i n  & - p o s i t i o n  I , l a y s  a deci;ive r o l c  i n  t h e  
exchange r e a c t i o n s .  ?he i n d i v i d u a l  s t a u i l i z a t i o n  a m  i'onnation 
processes  of these  fragments  c o n s t i t u t e  tile di,nanic s t a t e  of  
t h e  subs tance ,  which, under given  eqec iments l .  condid i tcns ,  
g i v e s  t h e  above Iragrcent$ a macroscoLic ex is t t i l ee  on i ; r ~  one 
hand, nna,  on the o t h e r ,  b r i n g s  acout  tile acove o c t l i n e u  
de t d c  t a b l e  chant;e s. 
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