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S U M M A R Y  

The course of carboxyt group exchange i n  the  thermal 

deccrposft ion of a mixture of disodium adipate and pimelate has 

been studied using l4C-labe1led compounds. 

obtaived from t!ie residual acids and ketone formed point t o  two 

d i f fe l .mt  incorporaticn processes. T h i s  phenomenon can be well 

interpreted by presuming the  presence of a malonta type i n t e r -  

mediate formed i n  the decomposition process. 

The exchange data 

5 . Z l o r  arid co:;rorr;ers1 reported t n a t  an excnaqge of 14C-labellea 

x..~. ,xil:belicc c a r S o ; ~ i  y ; rocp~ (YiG.1) c a ~ l  be observed i n  the ke toa ic  
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YL41,i.e 1. 

L)aco:.iLosition - araueCers o f  t-ie s t a r t l n g  s a l t s  

uecouposit ion I s o t h e r m 1  neasureraents 
a t  / + ~ O O C  I o r  one LOUT 0 S a l t s 2  ceiup. c 

initial DTG peak Conversion Cp/C& 
o l  s a l t  % 

ANa 440 430 0 - 
Pija 41 0 500 70 - 

3.2 

%o3revia t ions :  K a :  u i s c c i m  a G i 1  a t e ;  PNa:d;sodium 

%p/Cn: , ~ a c i o  o f  cyclo: eiitanone a r d  cjclo-icxasone i'oraed 

Flue173 te.  
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I'n'ule 2 

Lxcnan,.e c a c a  of carboxyl  ,rou:s 

10 2 3 . ~ 0  22.52 3.91 4.2 23.4 
0 7.45 1.22 64.3 21.2 

75 23.60 22.20 10.li3 I./ 24.3 
0 5.00 0.37 22.2 9.5 PNa 

ANa 75 0 O.& 1.61 2.3 L; .J 

Fi4a-l 4~ 450 70 23.1 1 3 3  19.00 52.1 14.5 

430 60 4o 

430 30 2o 

ANa-14C 
PlJa 

U a - l  'C 
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.ls i s  e v i u e n t  2'ron ,Pable 3. Eiia and P'l"ia shov; d i f l ' e r e n t  

uecoi i1 ,osi t ions.  I n  tile aeco; iLosi t j .on 05 Pi"a a wel l -def ined  second 

c e c o s L o s i t i o n  sr;ep c a n  be  observed  rvilic;Z p r o b a b l y  c o r r e s p o n d s  t o  

tile ueco;riyosition of  PGa l o r z e d .  Yhe t L e r a a l  s r a n s f o r u i a t i o n  of 

zda e f i ' o r d s  cyclo!~entacone a s  ttie ::lain IJrodt ic t ,  w h l e  the same 

r e x t i o n  o f  E'i'La j 4 e l b s  Pha anu f a i l s  t o  1 roduce  cyclohexanone. 

_'.ius, t n e  r e l a t i v e l y  g r e a t  a l f i e r e i i c e  o f  exchaaze c a t a  o f  AMa and 

PI:a [ A b l e  2)  c a n  be r e a a i l y  i n t e q r e t e d  by r;he g r e a t  d i f f e r e n c e  

o l  c y c l i s n t i c n  a b i l i t y  o f  ENa aiia FTda observed  i n  t h e  t h e r m a l  

t ransfor ; . , a t ion  j r o c e s s  c i  t h e s e  sa l t s .  

' i 'able  3 
uecoLi!.osltio:i ua to  of' t r i c a r b o x y l i c  a c i d  s a l c s  

in e a s u r e m e n t s ,ecoirqcsicion I ~ il I' a 
Gear. OC 

a S a l t s -  
i n i c l a l  iiX I 'eq.  l i n e  Conv. P r o d u c t s  formed % 

OC !uin. % Adipic  P i n e l i c  Cyclo- CyClO- 
a c i d  a c i d  pentanone  hexanone - 

Eita 400 4-65 430 60 100 trace - 60 - 
1.1T ia 330 430 5oo 400 I 2 0  100 - 70 - 0 

~.,ibb~.eviut:ui,c: Eila: -1ucane-1 ,I , 4 - t ; i c a r c o x y l i c  a c i d  tirisodium s a l t ;  

cPi<a: kentane-1 , I , 5 - t r i c a r b o x y l i c  a c i d  t r isodl ium s a l t  

I n  o r c e r  t o  v e r i f y  r a d i o a c t i v i t y  i n c o r p o r a t i o n  i n t o  c y c l o -  

Fentanone throui ih  ENa, butane-I ,I ,Lc- t r icarboxyl ic  a c i d ( 1  -carboxy-14C) 

t r i s o a i u r n  s a l t  was pre1,area and t r a n s f o r a e d  i n t o  cyc lopentanone  

~ . d i ~ ; . 3 ) .  i'he c o u p l e t e  uecoldposi t ion of t h i s  s a l t  p r o d u c e s  cyc lo-  

r e n t a n o n e  with 255  of  the  uiolar a c t i v i t y  of the t r i c a r b o x y l i c  acid. 
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F i g .  3 

,fne i 'or i la t ion o f  sucil ;:ialonate txpe  i n t e x i e a i a t t s  cannot  5 e  

i n t e r p x t e d  on t h e  oasis  oi' Eiihler' iiltcnanis,i, oiit can be  e a s i l y  

aeauced i.roxi the ;:iec:iar.isn (E'it:. 4) proI.cseci by Xeuimoefi'er anti 

Paschke . <-Carbailions uaj. o b v i o u s l y ,  1 , a r t i c i I  a t e  n c t .  o n l y  i n  k e t o n e  

f o r c a t i o n  uut a l s o  i n  v a r i o u s  I r c c e s s e s ,  v i z . c a r b o x y l a c i o n  and Liyd- 

rogen  s ; - l i t - , ing3- l0  r e a c z i o c s .  

7 

H-CE:2-COOI.: -H+ > i?-CH-COiri.:e I s -~5~-coa : i  

H-Ch-COOL. 
H+ I ,o- 

(HCH2;2C0 + ib:,COj R-CH2-C 
'3Li 

m a  o r e  t r a n s f c r ; x a  i n t o  me s L x t i r i g  s a i t  a i ' ter '  aec!.Ir o x \ -  

l a t i o n  ana subsequent  : r o t c n  a b s t r a c t i o n  (Fi;:.6j. Iil cur  in te i -pre ta -  

t i o n  t h e  e x c h a n i e  of c a r b o x y l  :;roups t a k e s  F l a c e  i n  t be  r e a c t i o n  of  
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Fig. j. 
2-sH-I 'COOM R-CH,-' 4C00M 

A - -  
R-CH2-COOM R-CH-COOM 

Fig. 6 

dccording t o  the concept discussed above the exchange r e a c t i o n  

1:roceeds with F a r t i c i p a t i o n  o f  carbon dioxide. Consequently, an ex- 

chan5;e bemeen c a r o o q l  groups and 14C02 i s  t o  be expected. The ex- 

:eriuiental r e s u l t s  co i l ec t ea  i n  'Table 4 show s iKnif icant  I4CO2 i n -  

corporation with a s i m i l a r  p a t t e r n  observed f o r  the exchange of car- 

boxyl  Groups (.Cable 2) .  ihe i 'esults aye i n  sood agreement with the 

i.iechnism ;:roFosed above. A t  the same t i n e ,  these observations po in t  

t o  the p r a c t i c a l  importance o f  tnis exchanje r eac t ion  i n  the f i e l d  of 

i so top ic  t r a c e r  r;echniques. A de ta i l ed  study of  the r eac t ion  i s  i n  

?ro,cress i n  our laborotcr ies .  
:able 4 

2 Abbreviations a r e  same a s  i n  Table 1. 

4 The composition of  inixture: 1 0  WM s a l t ,  2 mM "C02 (spec.act. 
1.88 . l o 7  dpm/ml:,) 

c .  - lhese ; .ar t icuiazs  Cive the extent  o f  equiiibrium d i s t r i b u t i o n  
i n  I:ercenta(;e. 
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E Z a n i L L *  i'AL 

Sodium s a l t s  x e r e  1 re1;areci by n c u t r a l l s o t i o n  o f  aqueous s o l u -  

t i o n  ( o r  s u s p e n s i o n j  of "he  a c i u s  w i t 1 1  an  e q u i v a l i n ' i  ai:.ount of iTaOFi. 

,?lie s o l u t i o n  mas evaLora ted  t o  a r y n e s s  m u  a r i e d  i n  vacuo a t  20G OC 

for 2 hours .  P u r i t y  of &e ; r o c u c s s  ';;as cCackeo by ria a::al;jsis. 

Adivic  acid-I  ,6-14C2, and p i m l i c  acid-I  ,7- I4C2 were o j t a i n e d  

f ron  tile res1:ect ive a(, w -d ibroao  a l k a n e  anu K1'C1! by a Liethou 

d e s c z i b e d  by !i.J.Speer eG a1.I' E u t a n e 4  ,I , 4 - t r l c o r b o x y l i c  a c i d  and 

pentane-1 ,I , > - t r i c a r b o x y l i c  a c i d  were pi'ei a r e d  accordin;; t o  t h e  ~ r o -  

cedure  o f  L.S.Chen-.y e t  a l .  

Butane-I ,I ,Lc-wicarSoxyl ic  acid-I ,I -car.boxyl- ' C1 

1 2  

14 

i..alonic a c i d  - I - l4C1 was p ? q a r e d  f r o a  CiiloroaceGic acid and 

KILCCN fo l lowint ;  t h e  : . rocedure L e s c r i b e d  by E.L.Ga1 e t  a d 3  and :hen 

e s t e r I i e d 1 4  The s j rnsi ies is  ;:'as z 'ur thcz c a r r i e a  o u t  by a n  a m . 1 ~  . -CUE 

Liethoa useu  ;or s:ie r a d i o i n s c t i v e  sa . ,&le.  l i e l a :  h; ;i ( 3 a s e d  o c  K I 4 C i  

n.p.: 133-140 OC. 

Lethoas  i ' o r  the s tady  o f  caroc:cyi ;:tci.Lin-e r e a c t i o n s  

The r e a c t i o n  c o s u i t i o n s  were ciiosen on x e  ussis o l  der iva toLrar  

r e c o r d e d  by a i.:OtI Lyre,  G-uey-iJaulik c c i v n t o - r a p i i  i n  ;;2 s t r e a n  

(15 l/-h). r t e s u l t s  a r e  hfiven i n  T a b l e s  1 anu 3 .  
r'he d e c o n r o s i t i o n  of s a l t s  was I erici'..,ec; i n  a ... eczl u a t h  L. ie r i : iO:  

t a t ,  worlcin:; w i t h  2 2 Oi: accuracy  i n  she ~ e : !  ere tu i ' e  ;.an :t: e i L l i u a .  

l'he ~ i i x t u r e  of AI<a-"C + Plia anL Aiia + PnTa-"'C: CLfiLole ;'at.;o: 1 : 7 ,  aas 

deconposed i n  n i t ro : ;en  s t r e a n  (5 l/kj. lhe- cyc lorencacone  and dyc lo-  

nexanone formed n e r e  coiiuenseu i n  a ti;.aI: c o o l e d  t o  -80 O C ,  t,:en 

a n a l y z e d  and sey a r a t e d  by a Gas C:WO ... a t o i ; r a p ~  ( C ~ 2 - d  LiPH t z e ; .  

F o r  r a L i o a c t l v i t y  ce te r ! . : i r , a t ions ,  t h e  I u r e  coi;: orients were c o n v e r t e d  

i n t o  t h e  res: e c t i v e  serr icdl-cazones,  Giien tri1'2.c~ o y  c l , y s t a l l i z - t F o n ,  
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H a d i o a c t i v i t y  was a e t e r u i n e d  by a P A C K U  i';cI-CAHB L i q u i d  S c i n t i l l a -  

t i o n  Spec t rometer .  

.Phe sol ic  r e s i a u e  was d i s s o l v e d  i n  w a t e r  and a neas:;red arnount 

oi PNa and AFa was adaed t o  the a l i q u o t  p a r t  f o r  che  d e t e r m i n a t i o n  

o f  t h e  c o n v e r s i o n  by t h e  i s o t o p e  u i l u t i o n  ijietllod. The aqueous so lu-  

t i o n s  w r e  a c i d i f i e d  wi th  concd. H C 1  t o  pH 1,  t h e n  e v a p o r a t e d  t o  

dryness .  Phe c n r b o x y l i c  a c i d s  were e x t r a c t e d  f r o m  t h e  s o i i d  r e s i d u e  

witn h o t  etlij.1 a c e t a t e .  ffie e t q l  a c e t a t e  s o l u t i o n s  were e v a p o r a t e d  

ancl Ghe p i i . , ~ l i c  a c i u  was e x t r a c t e a  r i th  hot  benzene. On c o o l i n g ,  the 

y i x l i c  a c i u  recii.5. t a z e d  l r o m  t h e  benzene s o l u t i o n  was r e c r y s t a l l i z e d  

s e v e z a l  siixs. I'he a u i p i c  a c i d ,  which i s  n o t  s o l u b l e  i n  benzene,  was 

r e c r y s t a l i i z e c  fro:,: c o n c d . n i t r i c  a c i d .  P u r i t y  of t h e  s a n p l e s  t h u s  ob- 

t a i n e d  was checkea by 1.1.p. and C-H a n a l y s e s .  H a d i o a c t i v i t y  of t h e  a c i d  

sati;,les was Ueter , i inea  5y a x t 2 i o d  i u e n t i c a l  with t h a t  a p p l i e d  f o r  the 

se!:iicaroazona sa:akles < Pablc  2; . 
Llhe excrian;e r e a c t i o n  of' c a - b o x j l  groups and GO2 c a r r i e u  o u t  

u n i c r  I4co2 j x s s u ' e  (a i loat  3 at:!!.) iq;as s t u d i e d  i n  t h e  f o l l o w i n g  way: 

\ m s  u i s L i l l ? c  w i th  l i q u i d ' n i t r o s e n  t o  the sodium s a l t  i n  1 vcu* (2 

a t:.-.Je. l:le cuke was s e a l e d ,  1: laced i n  a t5er :Lostat  and k a p t  a t  a n  

al'cro; r i a t e  - e  :I ei3ntare. . i ' r - e  syster.1 was okeneu and 14C02 r e c o v e r e d  

i* -.!e l'o"" _Iy oi' %"YO,. P i e  .Letone i ' o r x d  vias e x t r a c t e d  w i t h  e t h e r .  
, 

cs  a m  ncasure;..ents vrere c a r r i e d  o u t  a s  d e s c r i b e d  

3:,cve ( ? d t ? L ?  b, . 
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