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Oxidat ivecycl izat lon,  with the format ion  of f ive -  and s i x - m e m b e r e d  r ings,  is one of the c h a r a c t e r i s -  
t ic  reac t ions  of a ry l - subs t i t u t ed  alkyl and benzoyloxy rad ica l s  [1-8]. The ions Cu(II) [2, 6], Pb(IV) [3, 6, 7], 
and Mn(III) [8], and the s y s t e m  S20~---Ag(I) [4, 5] a re  usual ly used as the oxidizing agents in this react ion.  
The 3 - c a r b o x y -  and 3-carba lkoxypropyl  rad ica ls ,  which a re  genera ted by the cata lyt ic  decomposi t ion of 
peroxydig lu tar ic  acid [9] o r  by the oxidative decarboxylat ion of glutar ic  acid and its monoalkyl e s t e r s  under 
the influence of Na2S208 and AgNO 3 [10}, a lso  undergo oxidative cyclization.  IIowever,  together  with oxida-  
t ive cycl izat ion,  the product  of which is T-butyrolactone,  these  rad ica l s  undergo a number  of other  t r a n s -  
fo rmat ions ,  and speci f ica l ly  they undergo dimer iza t ion ,  c leave a hydrogen atom f rom a hydrogen donor, 
and a re  oxidized to vinylacet ic  acid. As a resul t ,  the contribution of oxidative cycl izat ion to the sum of the 
t r a n s f o r m a t i o n s  of the 3 - c a r b o x y -  and 3-carba lkoxypropyl  radica ls  does not exceed 50%. 

In the p re sen t  pape r  we repor t  the se lec t ive  oxidative cycl izat ion of the 3-carboxypropyl  rad ica ls .  A 
comple te  se lec t iv i ty  of the reac t ion  was achieved by using the sys tem NazS2Os--AgNO3--CuSO 4 as the oxidiz-  
ing agent. 

S,f}~- 
tlOOCCH~.CII,.,CH~ A,_,,-c'--~,+ " [- . . ]  :O (I I) 

O) o 

The (1) radicals were generated from glutaric acid at 60~ in aqueous solution under the influence of 
Na2S208 in the presence of a catalytic amount of AgNO 3 [10]. The selectivity of the reaction is upset if 

S,O2---A~+ 
IIOOC(CIh)~COOII - - -  (1) -'.- (~0., -!- It+ 

CuSO 4 iS excluded f r o m  the oxidation s y s t em and, bes ides  lactone (iI), butyric  acid (III) is obtained in an 
approx imate ly  equal amount.  The la t t e r  is f o rmed  f r o m  the (I) r ad ica l s  v ia  the c leavage of H a toms  f rom 
an H donor (SH), which can be e i ther  the s ta r t ing  glutar ic  acid or  the react ion  products .  

(1) + SH --~ CH3CII2CII2C00II (Ill) -- S" 

According to the data given in [10, 11], in the absence  of copper  ions the fo rmat ion  of lactone (II) can 
p roceed  by two schemes :  

(I) ~ ~ - - O H - -  (li) + li" 
0 
(1 V) 

(Iv) s,o;--a~+ ~ /__N/ol~ -, (t [) + aOH 
\ / \  

0 OH 

R = H  or SO:] 

A comple te  suppress ion  of reac t ion  (1) when copper  ions a r e  added to the sy s t em is  due to the i r  act ive p a r -  
t teipat ion in the p r o c e s s e s  for  the oxidation of r ad ica l s  (i) and (IV), which can be depicted by the following 
reac t ions .  The abili ty of hydra ted  copper  ions to cause  the oxidation of alkyl r ad ica l s  to the cor responding  
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T A B L E  1. O x i d a t i v e  D e c a r b o x y l a t i o n  of  G l u t a r i c  A c i d  
(60~ 3 h, s o l v e n t  = 40 m l  of  w a t e r ,  and  20 m m o l e s  e a c h  

of g l u t a r i c  a c i d  and Na2S20 8) 

Reagents, mmoles 
[Reaction products, mole/mole of Na2S208 
I mole,___/mole of_CO2) _ _  

1 
CO= (If) ( I I I )  AgNO3 N a O I t  

3 

3 

3 

CuS04 

-- 20 * 0,28 

-- 0,60 

4 20 * 0,25 

4 -- 0,55 

4 20 0,55 

*Run at 100 ~ 

0,t l  0,1t 
(0,38) (0,38) 
0,24 0,24 
(0,40) (0,40) 
0,21 
(0,84) 
0,50 

(0,90 
0,50 
(0,90 

0,22 
(o, 76) 
0,48 
(0,80) 
o,2i 

(0,84) 
o, 50 
(0,91) 
0,50 

(0,90 

(I) q- Cu 2+ (H~O),, ~ Cu+(H~O)n_ 1 -F H + + HOOC(CH2hOH 

H~O i I--H'O 
�9 l" --H+ 

(I) ~ Cu~+ ~ CU + @ [HOOCCH~CH._,CH~] .--> (II) 

i v - -H+ + 

(IV)--Cu ~-*~Cu+-~ --OH __ I -g~o 
k o J !-----~ I 

OH 
(IV) ~= Cu"+(H..,O),~ Cu + (H~O).,,_ I H + + ~ (  

0 OH 

hydroxy compounds is known [12]. The involvement of the carbcation states in the processes for the oxida- 
tion of alkyl radicals by copper ions, especially when they are coordinated with hard ligands, is confirmed 
by the data given in [13]. The Ag 2+ ions that are formed in the reaction of Ag + with $20 ~ [14] apparently 
oxidize radicals (I) and (IV) in a similar manner, but less efficiently. 

The oxidation of the (I) radicals by the oxidative elimination mechanism, which is characteristic for 
copper and silver ions [14, 15], was not observed under the experimental conditions (Table I). 

(I) - t -M ~+ -+ HOOCCH2CH~-CH 2 + M + -)  H + 

hi -~Cu or Ag 

The a d j a e e n t  h o m o l o g  of  r a d i c a l  (I), n a m e l y  the  4 - e a r b o x y b u t y l  r a d i c a l  (V), which  was  g e n e r a t e d  f r o m  
a d i p i e  ac id ,  u n d e r g o e s  s i m i l a r  t r a n s f o r m a t i o n s  in the  a b s e n c e  of  c o p p e r  ions ,  but  wi th  e a c h  t r a n s f o r m a -  
t ion  m a k i n g  a s o m e w h a t  d i f f e r e n t  c o n t r i b u t i o n .  The m a j o r i t y  of the  (V) r a d i c a l s  (~2/3) i s  c o n v e r t e d  to  

H00C(CH2)4COOH s=o?--Ag+ HOOC(CH2)aCH~ (V) 

v a l e r i e  a c i d  (VI), whi le  the  r e m a i n d e r  i s  c o n v e r t e d  to 5 - v a l e r o l a e t o n e  (VII) (Table  2). U n d e r  t i le  e x p e r t -  
m e n t a l  c o n d i t i o n s  l a e t o n e  (VII) i s  p a r t i a I l y  i s o m e r i z e d  to  T - v a l e r o l a e t o n e  (VIII), and  i s  a l s o  o x i d i z e d  to 

(v) q-SH ~ CHs (CH~) COOH (VI) ~- S 

OH . . . . . .  ~ /  
%7 .,o %/"oH 

--H" \ 

O - "  O 
(VIII) ' !- (VII) ...... 

M=Ag=+ and ~u=+, R = H  or SOs- 

b u t y r o l a e t o n e  (II). Thus ,  (VII) u n d e r  the  i n f luence  of an e q u i m o l a r  a m o u n t  of  N%SiOs ,  in the  p r e s e n c e  of 
AgNO 3 and CuSO o i s  c o n v e r t e d  in 3 h (60~ to the  e x t e n t  of 53% to (II), whi le  u n d e r  the  i n f luence  of a ,. 
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TABLE 2. Oxidative Decarboxylat ion of Adipic Acid (60~ 3 h, so l -  
vent = 40 ml of water ,  and20  m m o l e s  each of acid and Na2S208) 

�9 Expt. 
No. 

Reagents, mmoles 

A=NO:~ CuSO, 

3 

3 4 

1 

'2* 

*The (VII):(\rlII) ratio = 2.75 (immediatel 
and 2.66 (after 5 h). 

Reaction 

CO~ (Vl) 

0 , 4 1  0 22 
(015',) 

0,35 - -  

products, mole/mole of Na2S~Os(rnole/mole of CO~) 

(VII) I (VIII) (IX) (II) I '~ 

0,10 ] 0,03 - -~ ] 0,35 
(0,24) (0,07) (@) (0,85) 
o,i6 o,o6 o~3 0,31 0,06 

(0,46) (0,t6) (0,07) (0,t7) (0,86) 
after adding the NazS208) , 2,70 (after 2 h), 

threefo ld  m o l a r  amount of NaHSO 4 it is conver ted  to the extent of 10% to lactone (VIII). In addition, the 
i somer iza t ion  of (VII) to (VIII) t e s t i f i e s  to a dec rea se  in the (VII)/(VIII) ra t io  with inc rease  in the t ime  of 
heating the reac t ion  mix tu re  a f te r  adding the Na2S208 (see Expt. 2, Table 2). 

In the p r e s ence  o f  copper  ions the behavior  of radical  (V) differs  f r o m  that of radica l  (I). The main 
di f ference  is  the l e s s  se lec t ive  c h a r a c t e r  of the oxidative cyclizat ion:  bes ides  convers ion  to lactone (VII), 
the (V) r ad ica l s  a re  pa r t i a l ly  conver ted  to a l ly lace t ic  acid (IX) via  the i r  oxidation by copper  ions by the 
oxidative e l iminat ion mechan i sm.  Lactone (VII) (taking into account i ts  i somer iza t ion  to (VIII) and oxida-  
tion to (iI)) and acid (IX) a re  f o rm ed  in an ~ 1 0 : 1  r a t i o .  

(V) Cu,++ HOOCCI!~CH~.CH=CH~ + Cu+ + H+ (3) 
Ox) 

The  format ion  of the unsa tura ted  acid fiX), together  with lactone (VII), in the oxidation of radical  (V) 
by the s y s t e m  S2082---Ag+--Cu 2+, and the absence  of i ts  lower  homolog in the oxidation product  of radical  
(I), a re  apparen t ly  due to the different  abil i ty of r ad ica l s  (I) and (V) to be oxidized to lac tones  (II) and (VII). 
We postulate  that  this  d i f ference is  de te rmined  by the substant ial  dif ference in the r a t e s  of the homolyt ic  
cycl izat iun reac t ions ,  which r e spec t ive ly  lead to f ive -  and s i x - m e m b e r e d  sys t ems .  Thus, in mos t  ca ses ,  
w h e r e  eycl iza t ion of the rad ica l  with the compet ing fo rmat ion  of f ive -  and s i x - m e m b e r e d  r ings  is  poss ib le ,  
the reac t ion  that  leads  to the f i v e - m e m b e r e d  s y s t e m  is  e i ther  the predominant  or  exclus ive  reac t ion  [16]. 
The se lec t ive  oxidation of radica l  (I) to lactone fiI) is  the d i rec t  consequence of this  t r a i t  of homolyt ic  cy-  
cl izat ion.  Under  the inves t igated conditions the cycl iza t ion of rad ica l  (I), and the subsequent  oxidation of 
the fo rmed  cycl ic  radica l  (IV), apparent ly  p roceed  at: a substant ia l ly  f a s t e r  overa l l  ra te  than the c o m p e t -  
ing reac t ions ,  for  example ,  (1) a n d  (2). Due to the s m a l l e r  abili ty of rad ica l  (V) to undergo cycl tzat ion the 
overa l l  ra te  of i ts  convers ion  to lactone (VII) under  the influence of the s y s t e m  Na2S208--Ag+--Cu 2+, r e l a -  
t ive to the ra te  of reac t ion  (3), d e c r e a s e s  and does not a s s u r e  a se lec t iv i ty  of the p roce s s .  

In conclusion it should be ment ioned that in the decarboxylat ion of adipic acid the copper  ions exer t  
an effect  not only on the convers ion  of the (V) rad ica l s ,  but also on the i somer iza t ion  of lac tone (VII) to l a c -  
tone (VIII) and the oxidation of (VII) to lactone fiI). The yield of (VIII) and (II) i n c r e a s e s  sharply  when the 
reac t ion  is run in the p r e s e n c e  of CuSO 4 (see Table  2). 

E X P E R I M E N T A L  

The GLC ana lys i s  was run on an LCM-8MD chromatograph  equipped with a f lame- ion iza t ion  de tec-  
tor;  n i t rogen s e rved  as the c a r r i e r  gas.  The columns were:  1 m x 3 m m  with 15% F F A P ,  and 2 m x 3 
m m  with 15% PEGS deposi ted on Chromoso rb  W (0.2-0.25 ram). The yield of the reac t ion  products  was 
de te rmined  via  the internal  s tandard  method, taking into account the exper imenta l ly  found cal ibra t ion coef -  
f icients .  As the s tandards  we used  6-va le ro lac tone ,  butyr ic  acid, and va le r i c  acid. The reac t ion  p rod -  
uc ts  were  identified by c o m p a r i s o n  with authentic spec imens ,  while lac tones  fiI) and (VIII) were  also iden-  
t if ied via  IR spec t roscopy  by the c h a r a c t e r i s t i c  absorpt ion  band at 1780 cm -1 [16]. The spec t r a  were  taken 
on a UR-20 s p e c t r o m e t e r  in e the r  solution. 

The glu tar ic  and adipic acids (labeled pure),  and the Na2S208, AgNO3, and CuSO 4 (labeled analyt ical  
grade)  were  c o m m e r c i a l  p roducts  and were  used  without fu r the r  purif icat ion.  All of the aqueous solut ions 
were  p r e p a r e d  using dist i l led water .  

Genera l  P r o c e d u r e .  To a s t i r r e d  solution of 20 m m o l e s  of the dicarboxyl ic  acid and 3 m m o l e s  of 
AgNO3, and a lso  4 m m o l e s  of CuSO 4 (in a number  of exper iments ) ,  in 25 ml  of water ,  a f t e r  purging the 
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r eac to r  with argon for 15 min and thermosta t t ing  at 60~ for  2 h, was added a solution of 20 mmoles  of 
Na2S208 in 15 ml of water.  On completion of adding the Na2S20 s solution the mixture was kept at 60~ for 
1 h in o rde r  to completely decompose the S20 ~- ions. The course  of the react ion was checked by the gas 
evolution using a gas buret ,  which was connected to the reac tor .  On completion of react ion the reaction 
mixture was cooled and analyzed by GLC: without p r io r  workup in the exper iments  with glutaric acid, and 
after  f i l tering the part ial ly precipi ta ted unreacted acid in the exper iments  with adipic acid. For  a spec t ro -  
scopic study of the react ion products  the mixture was extracted with e ther  (50 ml • 5), and the extract  was 
dried, evaporated,  and analyzed. 

Oxidation of 6-Valerolactone (VII) with Na2S208 in the P r e s e n c e  of Silver and Copper Ions. To a solu-  
tion of 20 mmoles  of (VII), 3 mmoles  of AgNO 3, and 4 mmoles  of CuSO 4 in 25 ml of water,  heated to 60~ 
was added 20 mmoles  of Na2S in 15 ml of water  in 2 h. The react ion product contained 6.9 mmoles  of un-  
reacted (VII) (65.5% conversion) and 10.6 mmoles  of 7-butyrolactone.  Lactone {VII) was obtained from 5- 
ch lorova ler ic  acid as descr ibed  in [17]. 

I somer iza t ion  of 5-ValeroIactone (VH) to T-Valerolac tone (VIII). A solution of 5 mmoles  of {VII) and 
16.6 mmoles  of NaHSO~ in 40 ml of water  was heated at 60~ for  3 h. The reaction products  contaLaed 4.5 
mmoles  of (VII) (10% conversion) and 0.45 mmoles  of (VIII). The convers ion of vinylacet ic  acid to 5~-bu- 
tyrolactone,  and of al lylacet ic  acid to (VII) and (VIII), was not observed under analogous conditions. 

CONCLUSIONS 

i. The 3-carboxypropyl and 4-carboxybutyl radicals were generated by the respective decarboxyla- 
tion of glutaric and adipic acids at 60~ in aqueous solution under the influence of Na2S208 in the presence  
of a catalyt ic  amount of AgNO3, and their  t rans format ions  under the decarboxyIation conditions were s tud- 
ied, and also the effect of added copper  ions on these t ransformat ions .  

2. The sys tem Na2S2Os--AgNO3--CuS Q causes  an efficient oxidative cycl izat ion of the studied w- 
carboxyalkyl radicals ,  in which connection the 3-carboxypropyl  radica ls  are  select ively converted to T- 
butyrolactone,  while the 4-carboxybutyl  radica ls  are  converted to 5-valerolac tone to the extent of 90%. 

3. Oxidative cycl izat ion also occurs  in the absence of copper ions, but i t scon t r ibu t ion  to the sum of 
the t rans format ions  of the 3-carboxypropyl  radica ls  does not exceed 50%, and not over  30% in the case of 
the 4-carboxybutyl  radicals .  
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