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Carboxy- and carbalkoxyalkyl  rad ica ls  are  obtained by ei ther  the catalyt ic  or thermal  decomposition 
of peroxyalkanedicarboxylic acids and their  e s t e r s  [1], the peroxides and hydroperoxides of cycloatkanones 
[2], oxazaridines [3], by the oxidative decarboxylation of r acids using Pb(OCOCH3) 4 [4], 
and e lect rochemical ly  [5]. 

In o rder  to generate the 3-carboxy-  and 3-carbalkoxypropyl rad ica l s ,  and also to ascer ta in  the be-  
havior of these rad ica ls  under the conditions of oxidation--reduction reac t ions ,  in the present  paper we 
studied the oxidative decarboxylation of glutaric acid (Ia) and i ts  monoes ters ,  and specifically the methyl 
fib), ethyl tic), isopropyl rid), and benzyl  fie) e s t e r s ,  under the influence of Na2S20 s in the presence of 
catalyt ic  amounts of Ag +. 

ROOC(CH~)aCOOH S'OlI"-Ag--+ "ROOCiCH~)~H~ ~- CO~ + H + 
(Is-e) (IIa-e) 

Here and subsequently R = H (a), CH 3 (b), C2H 5 (c), i-C3H 7 (d) and C6I,IsCH 2 (e). 

The decarboxylat ion of carboxylic acids by the given oxidation sys tem is a simple method for the 
generat ion of various rad ica ls  t ha t  are  finding constantly broader  use [6]. The react ion mechanism can be 
depicted by the following se r ies  of equations [7]: 

Ag+ -}- S~08 ~- --+ Ag 2+ + SO~ ~- SOs 2- 

Ag + + SO~ -+ Ag ~+ + S04 ~- 
Ag ~+ + RCOOH ~ Ag+ + RCO0" -}- H + 

RCO0" --~ R" + CO~ 

We ran  the decarboxylation of acids (Ia-e) in e i ther  aqueous or  50% aqueous-acetoni t r i le  solution 
in ei ther  a ni trogen or  argon a tmosphere .  Acetonitr i le was used to crea te  a homogeneous react ion mixture 
during the decarboxylation of the difficultly water-soluble  es te r  tle), and also in the decarboxylation of 
(la-d) in o rder  to assure  standard react ion conditions. The Na2S208 was used in an equimolar  amount with 
respec t  to ~I), while the amount of taken AgNO 3 was 5-15 mole %. 

Employing GLC, butyric acid (Ilia) and T-butyrolactone (IV) were identified in the react ion products 
(Table 1), with the exception of Exper iment  13. Besides  (Ilia) and (IV), methyl  butyrate  (llIb) [from Ib)], 
ethyl butyrate  (IIIc) [from tlc)], isopropyl  butyrate  (IIId) [from (Id)], benzyl  butyrate  (IIIe) [from (le)], and 
CO 2 are formed (in all  of the experiments) ,  and also very  smal l  amounts of methane,  ethane, and propane 
(Experiments 2-4). Acid (IIIa) and e s t e r s  (IIIb-e) are  formed from radica ls  (IIa-e) as  the resul t  of cleavage 
of a hydrogen atom from the hydrogen donor SH, which can be (Is-e), (IIa-e), (IV), or  CHH3CN. 

(IIa -- e) + SH ---> CHaCH~CH~COOR + S" (1) 
(IIIa -- e:) 

Methane, ethane, and propane are  obtained in a s imi la r  manner  f rom the corresponding hydrocarbon rad i -  
cals  R,  which are  generated in react ion (3). 
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T A B L E  1. Oxidat ive D e c a r b o x y l a t i o n  of  !ROOC(CH2)3COOH (In-e) 
(60~ 3 h, Na2S20 c o n v e r s i o n  100%)* 

Expt. 
No. 

t 
2 
3 
4 
5 
6 
7 
8 
9 

10 
i t  
t2 
t3 

R 

H,O 

H (a) 43 
CHa (b) 43 
C~I-IX (c) 43 
i-C3K7 (d) 43 
CsHsCHf (e) 43 

�9 H (a~ 23 
CH~ (b) 23 
CHa (b) 40 
CHs (b) 33 
CH~ (b) 40 
C~H5 (c) 23 
i-C3H7 (d) 23 
C6HsCh~ (e) 23 

Solvent,ml Reaction products, mole/mole of Na2S20 s 

GHsCN G O ,  RH ( I I I )  (IV) (lV)/(lI[) 

2O 
20 
3 

t0 
3 

2O 
20 
20 

0,60 
0,53 
0,50 
0,48 
0,52 
q.1. 

n 

0,85 

q.i-.* 
0,013 

q.i. 

*(t) = 0.02 mole (in Expts. 1 and 6 = 0.04 mole), Na2820 a = 
0.003 mole (in Expts. 9 and 10 = 0.001 mole). 
1" The compound was ideritified qualitatively. 

0,24 
:q,i. 
0,27 
q.L 

0,42 
q. I. 

0,75 

0,24 t 
qoL 0,t7 
0.t 0,37 
q.L 0,62 
0,07 0,i8 
q.i. 0,40 
. 0,07 

0,07 ~ 
.. "0,07 
. 0,07 

"~ 0,t0 
~ 0,0t 

�9 - -  0 

mole, and AgNO 3 = 0.02 

R" -}- SH -+ RH q- S" (2) 

]3utyra tes  (IIIb-e)  a r e  ha rd ly  h y d r o l y z e d  to (IIa) under  the e x p e r i m e n t a l  cond i t ions  whi te  add ing  the Na2S203 
solut ion.  Th i s  is indica ted  by the v e r y  s m a l l  va lue  of  the ( i I Ia ) / ( I I Ib-e)  r a t i o ,  which  is equal  to 0 .08-0 .1 ,  
in the r e a c t i o n  m i x t u r e  on conc lus ion  of  adding  the Na2S208, and a l so  by the absence  of p ropane  in the r e a c -  
tion p r o d u c t s ,  the f o r m a t i o n  of  which  could be expec ted  due to the gene ra t i on  of  the p ropy l  r a d i c a l  f r o m  
(IIIa) if acid (IIIa) was  f o r m e d  be fo re  the addi t ion of  theNa2S20 8 had been  c o m p l e t e d .  Appa ren t l y ,  e s t e r s  
(ib-e) behave  in a s i m i l a r  m a n n e r  toward  h y d r o l y s i s .  

A c c o r d i n g  to [8], lac tone (IV) can be f o r m e d  by the r e a c t i o n :  

(na-e) ~ = o n  -~ (Iv) + R" 
(3) 

(Va-e) 

H o w e v e r ,  this  path is not  the sole  one as  r e g a r d s  the d i s c u s s e d  c a s e ,  s ince  the amoun t  of  h y d r o c a r b o n s  
HH that  is f o r m e d  f r o m  the R r a d i c a l s  by r e a c t i o n  (2) is subs tan t i a l ly  l e s s  than e q u i m o l a r  r e l a t i v e  to lactone 
(IV). F o r  e x a m p l e ,  in E x p e r i m e n t  3 (see Tab le  1) the y ie ld  of  e thane was  only 15% of (IV). The obta ined 
r e s u l t  cannot  be explained by the oxidat ion of  the h y d r o c a r b o n  r a d i c a l s ,  s ince  a c c o r d i n g  to the data given 
in [7], the oxidat ion would lead to the i r  p r e d o m i n a n t  c o n v e r s i o n  to olef ins  1R (--H), which  w e r e  not  de tec ted  
in the r e a c t i o n  p r o d u c t s .  Consequen t ly ,  s t i l l  ano the r  path ex i s t s  f r o m  (V) to (IV). A p p a r e n t l y ,  lac tone (IV) 
is f o r m e d  main ly  v ia  the oxidat ion of  the cyc l i c  (V) r a d i c a l s .  T h e s e  r a d i c a l s ,  due to the fact  that  the r a d i -  
c a l  c e n t e r  is ad jacen t  to two e l e c t r o n - d o n o r  g r o u p s ,  have a we l l -de f ined  nuc leoph i l i c  c h a r a c t e r ,  which  
fac i l i t a t e s  the i r  ea sy  oxidat ion by the r e a c t i o n :  

s~o,,-- Ag+ /---~/0R 
(Va-e) a,-------b-- * X o / N 0 x ~ ( I v )  + ROX (4) 

X = H or S03- 

The given conclusion is in agreement with the observed dependence of the mole ratios of the formed (ill) 
and (IV) on the structure of the IR substituent in acids (la-e) when they are decarboxylated in aqueous solu- 

tions. The (IV)/(III) ratio increases from 0.17 to 1.0 in the R series: CH3, C2H5, i-C3HT, and H (see Table 
i, Experiments I-4). In aqueous-acetonitrile solutions, dueto the low yield of lactone (IV), a similar 
rule could not be observed. The found dependence of (IV)/(IID on IR, with the exception of iq = CGHsCH2, is 
not associated with a change in the rate of reaction (I) in the series of (lla-d) radicals. This conclusion 
follows from the results of studying the reactivity of acids (la-e) as H donors in the reaction with the 3-ear- 
boxypropyl radicals (ila), which were generated by the thermal decomposition of peroxydiglutaric acid. 
In estimating the H-donor capacity of acids (ia-e) we used CCI3COOH as the reference standard. The 
corresponding experimental data are given in Table 2, from which it follows that acids (la-d) have the same 
donor capacity under the experimental conditions toward radical (lla). This result is apparently caused 
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TABLE 2. Relative H-donor Capacity 
of ROOC(CH2)3COOH (In-e) in Reaction 
with 3-Carboxypropyl  Radicals,  Gener -  
ated f rom Peroxydiglutar ic  Acid 
(60 ~ 100 h, standard compound CC13- 
COOH)* 

g all) t" Relative donor capa- 
(fv) + tWI) city of (I) acids 

H(a) O.lt 1 
CH3(b) O, 1t t 
C2I~ (c) 0,11 t 
t-C3H~ (d) 0, t05 t 
C~HsCH~ (e)' i ,88 17 

*(I) - 0.01 M; CC13COOH - 0.01 M; peroxydiglu- 
taric acid = 0.002 M; H20 = 15 ml. 
"~(VII) = 4-chlorobutyric acid. The latter under 
the experimental conditions is partially converted 
to lactone (IV). and consequently (IV) is included 
in the denominator of the ratio. 

by the polar effect, and specifically by the preferent ia l  attack 
of the electrophil ic centers  of the H-donor  molecules  by the 
nucleophilic (IIa) radica ls .  Such cen te rs  in acids (In-d) are  
the a -CH 2 groups of the acyl  f ragment  of the acids. As a r e -  
sult, a change in R hardly affects the course  of the process .  
The substantially g rea te r  H-donor  capacity of acid tie) when 
compared with acids (In-d) can be explained by the enhanced 
react ivi ty  of the benzyl H-a toms when compared with the H 
atoms o f  acids (In-d) due to the substantial  difference in the 
stabilization energies  of the rad ica ls  of the phenyl (24.5 kcal 
/mole  [9]) and carboxyl  or  carbalkoxyl  (~ 4 kca l /mole  [10]) 
groups. 

An increase  in the (IV)/(III) ra t io  with increase  in the 
nueleophilicity of the (V) rad ica ls  in the se r i es :  (Va) > (Vd) 
> (Vc) > (Vb) can be regarded  to be an additional argument  
in support of the important  role of oxidation react ion (4) in 
the p rocess  for the formation of lactone (IV). 

E X P E R I M E N T A L  M E T H O D  

The GLC analysis  of the liquid products  was run on an LCM-8MD chromatograph equipped with a 
f lame-ionizat ion detector ,  while the gaseous products  were  analyzed on a CT-8 chromatograph  equipped 
with a katharometer .  Columns: 2 m x 3 mm packed with 15% PEGS and 10% DS-550 (for the liquid products) ,  
3 m x 4 mm packed with 30% Dowtherm A, and 1 m x 4 mm packed with Poropak Q (150-200 mesh).  The 
solid support was Chromosorb  W (0.2-0.25 mm). The c a r r i e r  gas was ei ther  nitrogen or  helium. The (IV) 
/(III) ra t ios  were  calculated taking into account the experimental ly found cor rec t ion  fac tors .  The yield of 
the react ion products  was determined by the internal standard method. 6-Valerolactone,  va ler ic  acid, and 
methane were used as the s tandards.  The react ion products  were  identified by compar i son  with authentic 
samples .  The s t ructure  of lactone (IV) was also confirmed spect rophotometr ica l ly ,  by the cha rac te r i s i t c  
lactone absorption band (1780 cm -1) [11] in the LR spec t rum of the evaporated ether  ext rac t  f rom Exper i -  
ments 1 and 4 (see Table 1). The spec t rum was taken on a UR-20 spec t romete r  in ether.  

The monoes te r s  of glutaric acid: ethyl (IIIc), isopropyl  (IIId), and benzyl  (IIIe) e s t e r s  were  obtained 
in 70-85% yield f rom the cor responding  alcohols and glutaric anhydride [12, 13]. The c o m m e r c i a l  pure 
monomethyl  glutarate was purified by vacuum-dis t i l la t ion.  Its purity and that of the monoes te rs  were 
checked by the neutral izat ion equivalent. The pure glutaric acid, pure Na2S208, analytical  grade AgNO3, 
and CH3CN were  used as the c o m m e r i c a l  products .  All of the aqueous solutions were prepared using 
singly distilled water .  

G e n e r a l  D e c a r b o x y l a t i o n  M e t h o d  

a.  In Aqueous-Acetoni t r i le  Solution. To a s t i r red  solution of 20 mmoles  of acid (III) and 3 mmoles  
of AgNO 3 (3 ml of aqueous 1 N solution) in 20 ml of CH3CN and 5 ml of water ,  after  blowing the r eac to r  with 
argon (15 min) and thermosta t t ing the solution at 60 �9 20 ~ was gradually added in 2.5-3 h a solution of 20 
mmoles  of Na2S208 in 15 ml of water .  Then the mixture was kept at 60 ~ for another 2 h. A gas bure t  was 
used to check the react ion course  based on the gas evolution, which near ly  ceases  soon after  all the Na2S208 
solution had been added. The gas evolution is ve ry  slow during the f i rs t  hour of react ion.  The mixture 
on cooling to ~20 ~ separated into an organic and an aqueous layer ,  which were  separated,  and the aqueous 
layer  was saturated with Na2SO 4, extracted with ether (25 ml • 5), the ether  ext rac t  was evaporated to ~ 3 
ml,  and the res idue was combined with the organic layer  and analyzed by GLCo The evolved gases were 
analyzed chromatograph ica l ly .  

b. In Aqueous Solution. To a solution of 20 mmoles  of acid (III) and 3 mmoles  of AgNO 3 (3 ml of 
aqueous 1 N solution) in 25 ml of water  (due to its poor solubility in water ,  the deearboxylat ion of acid 
(IIIe) was run under heterogeneous conditions) at 60 + 2 ~ was added in 2.5-3 h a solution of 20 mmoles  of 
Na2S2Oain 15 ml of water .  The mixture was kept at 60 ~ for an additional 2 h. An induction period in the 
gas evolution, which is cha rac te r i s t i c  for the reac t ion  in aqueous-acet0ni t r i le  solution, is not observed in 
this case .  /~t the end of react ion the homogeneous mixture ,  without pr ior  t rea tment ,  was analyzed by GLC. 

2158 



CONCLUSIONS 

1. The oxidative decarboxyla t ion  of glutar ic  acid and its monoes t e r s  (methyl,  ethyl ,  i sopropyl ,  and 
benzyl) under the influence of Na2S208, in the p resence  of AgNO 3, led to the generat ion of the ROOC (CH2) 2 
CH 2 rad ica l s ,  where R = H, CH 3, C2H5, i-C3H 7 or  C6HsCH 2. 

2. The pr incipal  t r ans fo rmat ion  products  of these rad ica l s  are  butyr ic  acid and alkyl bu ty ra t e s ,  and 
also 7-butyro lac tone .  The yield of the lactone re la t ive  to butyr ic  acid and its e s t e r  i n c r e a s e s  as follows 
in the R se r i e s :  H > i-C3H 7 > C2H 5 > CH 3 ~ C6HsCH 2. 
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