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The oxidative decarboxyla t ion  of ca rboxyl ic  acids  by  lead t e t r aace t a t e  (LTA) is  one of the s imp le s t  
methods for  the genera t ion  of alkyl r ad i ca l s  [2, 3] 

LTA 
RCOOH ~ R" + C02 + H + �9 

This  method was used to genera te  r ad ica l s  f r o m  unsubst i tu ted alkanoic [4-6], acetoxyalkanoic  [7], 1,2- 
a i k a n e - a n d  cyc loa lkanedicarboxyl ic  [8, 9], d isubst i tuted malonic  [10], aralkylcarboxylic [5, i l ] ,  and other  
ac ids  [2, 12]. Under  the reac t ion  conditions the fo rmed  r ad i ca l s  a r e  pa r t i a l ly  oxidized by Pb(IV) ca rboxy l -  
a t e s .  The f rac t ion  of the rad ica l s  that undergoes  oxidation, and the c h a r a c t e r  of the obtained produc ts ,  
both depend to a l a rge  degree  on the s t ruc tu re  of the alkyl f r agment ,  the p r e s e n c e  of functional subst i tuents ,  
and their  a r r a n g e m e n t  with r e s p e c t  to the r ad ica l  cen te r  [2]. 

In o r d e r  to a s c e r t a i n  the effect  of these  f ac to r s  on the l i t t l e - s tud ied  reac t ions  of ca rboxya lky l  and 
carba lkoxya lky l  r ad ica l s ,  in the p r e s e n t  p a p e r  we studied the oxidative t r a n s f o r m a t i o n s  of r ad ica l  (II), 
(IV), and (VI) under  the influence of the Pb(IV) and Cu(II) ca rboxy la t e s .  These  r ad ica l s  were  genera ted  by 
the oxidative decarboxyla t ion  of the a lkanedicarboxyl ic  acids (I) and monomethyl  e s t e r s  of 2-oc ty lsucc in ic  
(lid and 1 ,2-cyc lohexanedicarboxyl ic  (V) ac ids  with LTA 

C00H 
I LTA 

RCH~CH(CH~)~COOH ----> RCH~dH(CH~)nC00H + C02 + H + 
(I) (II) 

n = t ,  2, 3 and t0 
R=H (a), CH~ (b), C~HI: (c), Call15 (d) and C~H:9 (e) 
C00H 

I 
CsHa~CHCH2C00CH3 LT>A CsttI7CHCtI~COOCHs + C02 + H + 

(m) (iv) 
C00H 

- - ' - '>  \ 

COOCH~ COOCH3 
(v) (vI) 

+ CO~ + H + 

The reac t ion  was run a t  8O~ in benzene,  in an ine r t  gas a t m o s p h e r e ,  using approx ima te ly  equ imolar  
amounts  of the decarboxyla ted  acid and LTA (except Expts .  1 and 2, Table  1, and Expt. 5, Table  2), in the 
p r e s e n c e  of pyr id ine  (~1 m o l e / m o l e  of LTA), which fac i l i ta tes  the decarboxyla t ion  [4]. In addition, in the 
e x p e r i m e n t s  where  the behav io r  of the r ad ica l s  toward the Cuff/) ca rboxy la t e s  was studied we used  cupr ic  
ace ta te  in an amount  of "~0.1 m o l e / m o l e  of LTA.  The obtained r e su l t s  a r e  given in Tab les  1 and 2. 

It was es tab l i shed  that the s t ruc tu re  of R in the (I) acids  is p r ac t i ca l l y  without effect  on the reac t ion  
of (I). The decarboxyla t ion  of the (I) ac ids ,  which dif fer  in a va r i ab le  pos i t ion  of the COOH groups  re la t ive  

* See [1] for  p rev ious  communica t ion .  
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T A B L E  1. Ox ida t ive  D e c a r b o x y l a t i o n  of  A c i d s  (I), (III), and  (V) b y  
L e a d  T e t r a a c e t a t e  (LTA)* 

1 

2 

Acid 

HOOCCH~CH~CH(C~H~)COOH 
(I-26) 
HOOC(CH~)aCH(CzI-I6)COOtt 
(i-3o) 

C H~OOCC H+CH(CsHa,)C 0 OH 
(lid 

! ~.-coocH+ 
) - c o o ~  (v) 

Reaction products, mole/mole of LTAI" 

GO~ 

0,85 

0,83 

0,62 

0,60 

other products'P 

(vii) 0,38; (viii) + (Ix) <o,oi 

(Xb) 0,57; (Xlb) 0,03; (_XIIb) + 
-V(XlIIb) 0,it; (XIVb) 0,08; 
(XVb) <0,oi 
(XVI) 0,02; (XVII) 0,t9; (XVIII) 
-}-(XIX) 0,06; (XIX)/(XVIII)~3,9; 
(xx) 0,i8 
(XXI) 0,tS;(XXII)+(XXIII) 0,t3; 
(XXIII)/(XXII) 0,65; (XXIV) 0,27 

Total 
yield (de- 
void of C02) 

0,38 

0,79 

0,45 

0,48 

*Acid = 15 mmoles (Expts.1 and 2) and 10 mmoles (Expts.3 and 4), LTA and pytidine 
- 10 mmoles each in all of the experiments, solvent = benzene, 100 ml; 80~ reaction 
time from the start of adding the LTA to the cessation of CO 2 evolution~in the order of the 
experiments) = 6.5, 2, 15. and 15 hi time of adding the LTA = 3, 1, 5, and 5 h. 
~'The yield of the products was determined by analytical GLC. 
$Compound (VII) is 7-ethyl-y-butyrolactone; (VIII) and (IX) are the 3- and 4-hexenoic 
acids (Xb) is 6-ethyl-5-valerolactone; (XIb) is 7-propyl-T-butyrolactone; (XIIb) and 
(XIIIb) are the 4- and 5-heptenoic acids; (XIVb) is heptanoic acid; (XVb) is 5-acetoxy- 
heptanoic acid; (XVt) is methyl undecanoate; (XVII) is methyl 3-phenylundecanoate; 
(XVIII) and (XIX)are methyl 2-undecanoate and methyl 3-undecenoate; (XX) is methyl 
3-acetoxyundecanoate; (XXI)is carbomethoxycyclohexane;(XXII) and (XXIII) are the 1- 
and 2-carbomethoxycyclohexenes; (XXIV) is 1-carbomethyoxy-2-acetoxycyclohexane. 

to each  o t h e r ,  a l s o p r o c e e d s  j u s t  a s  s m o o t h l y  i f  the  r e a c t i o n  i s  run  in the  p r e s e n c e  of c o p p e r  ions  and,  in  c o n t r a s t ,  
in t h e i r  a b s e n c e  a s u b s t a n t i a l  r e t a r d a t i o n  of CO 2 e l i m i n a t i o n  i s  o b s e r v e d  a s  the  COOH g r o u p s  a p p r o a c h  each  o t h e r .  
Tl~us, u n d e r  c o m p a r a b l e  c o n d i t i o n s  the d e c a r b o x y l a t i o n  of a c i d s  (III) and  (V) i s  e f f e c t e d  in  15 h, tha t  of a c i d s  
( I - 2b ) t  in 6.5 h, and  that  of  a c i d s  (I-3b) in  2 h. Of the two COOH g r o u p s  in the  (I) d i c a r b o x y l i c  a c i d s  the g roup  
a t t a c h e d  to the s e c o n d a r y  C a t o m  i s  e l i m i n a t e d  s e l e c t i v e l y  u n d e r  the  e x p e r i m e n t a l  c ond i t i ons  [13]. 

In the e x p e r i m e n t s  not  u s i n g  c u p r i c  a c e t a t e ,  a m o n g  the p r o d u c t s  tha t  a r e  f o r m e d  f r o m  r a d i c a l s  (II), (IV), 
and  (VI) the fo l lowing  w e r e  i d e n t i f i e d  and  q u a n t i t a t i v e l y  d e t e r m i n e d  v ia  GL C, IR, NMR, and  m a s s  s p e c t r o s c o p y :  
a l k y l - s u b s t i t u t e d  T - b u t y r o l a c t o n e s  (VII) and (XI), 5 - a l k y l - 5 - v a l e r o l a c t o n e s  (X), a l k e n o i c  a c i d s  (VIII), (IX), (XII), 
and  (XIII), u n s a t u r a t e d  a c i d s  (XIV), and  o t h e r  c o m p o u n d s  (see  T a b l e  1). With  the e x c e p t i o n  of the  (XIV) a c i d s ,  
and  e s t e r s  (XVI)and (XXI), n e a r l y  a l l  of t h e m  a r e  the ox ida t ion  p r o d u c t s  of the c o r r e s p o n d i n g  r a d i c a l s  by  l e a d  
t e t r a a c e t a t e .  The  p r o c e s s e s  fo r  t h e i r  f o r m a t i o n  f r o m  r a d i c a l s  ( I I-2b) ,  ( II-3) ,  (IV), and  (VI) a p p a r e n t l y  i n -  
c lude  the c a r b o n i u m  ions  a s  i n t e r m e d i a t e  p a r t i c l e s ,  and  can  be  d e p i c t e d  by  the fo l lowing  s c h e m e s :  

S c h e m e  1 

LTA + ~ C~H5--: '~O (VII) (II-2b) ---+ C2HsCHCH~CH~COOH 
$ --H+ 0 

CeHsCH=CHCH~C00H + CHaCH=CHCH~CH.2COOH 
(VIII) (IX) 

Scheme 2 
/ \  

RCH2--~ )-=O RCH~CH2 - - ~ / ~ / = 0  
o (x) o (Xl) 

+ NI,2-H LTA > + (I I-3) ----> RCH~CH(CH2)~COOH <____ R CH2CH2CHCH+.CH~COOH 

I Is. _.+ ,oo- 
I 

R(CH2)sCOOH flCH2CH=CHCH~CH~COOH + RCH=CH(CH2)3COOH 
(XIV) (XII) (XIII) 

1 
RCH:CH(OAc) (CH2)3COOH 

(xv) 

A d o p t e d  d e s i g n a t i o n s :  the  R o m a n  n u m e r a l  r e p r e s e n t s  the g e n e r a l  f o r m u l a  of the compound ,  whi le  the  
A r a b i c  n u m e r a l  and  l e t t e r ,  r e s p e c t i v e l y  r e p r e s e n t  the  n and  R v a l u e s .  

1242 



T A B L E  2. Oxidat ive  D e c a r b o x y l a t i o n  of Ac ids  (I), (III), and  (V) by  

Lead  T e t r a a c e t a t e  (LTA) in  the P r e s e n c e  of Cu(OAc)2* 

, Reactants_ [Reaction products, mole/mole of LTA ~,~-'-- 
{mmoles ' ~ . . . . .  ' ~  

Acid ~ < l  o N [ ~ other products* 1 5 ~  

, , - ~ i  ~ ~ i  , i~.,~.~2__ 
i 

t HOQCCH*CH(C'Hi')COOH 30 30[4 25 0,85 (XXV-td)+(XXVI-Id) 0,t8; 0,28 
(I-id) , (XXV)/(XXVI) ~2; (XXVIIId)+ 

I +(XXlXd) o,io; 

2 c ,ooocg,c.(c..,,,coo  5 51, 5 0,75 /(XVIII) ~2,8; (XV1) 0,01; (m) , (XVlIl) + (XIX) 0,36; (XIX)/ 0,37 

1 
(XVlI)and(XX) <~0,0t 

||(~ (V) " , (XXIII)/(XXII)(XXII) + (XXIlI)_2,7;0,85;(KXI) ,0,88 3 coocH~ ao ao 2 a lO,OO 
\ /COOH 0,03; (XXIV) ~ 0 , 0 t  

4 HOpC(IH,CH,CH(C,.,H,)COOK 20 25 (VII) 0,25; (VIII)@ (IX) 0,t5; 0,40 
(I:2b) 

(Xb) 0,18; (XXV-3N + (XXVI- 0,88 5 LfOOC(CH,)~CH(C~H~)COOIfr.ab) 15 I0 2 100,95 3b), 0,70; (XXV)/(:~XVI) ~t,5; 
(XIb) <0,0i 
(Xc) 0,t5; (XXV-3c) +(XXVl- 0,72 (i (t[OOCtGHz)sCH(C'~Ht~)COOHI-sC) 25i 2 25 0,85 3C) 0 ,50 ;  (XIc) ~<0,0t; 
(XXV[II-3c) + (XXX-3c) 0,07 
(Xd) 0,t8; (XXV-3d) + (XXVl. 0,72 7 0-:kbHOOC(CH*)~CH(C*tr'0COOU 40 44 5 40 0,84 3dl 0,49; (XId) ~0,01; 
(xx~ II-3d) 4- (XXX-ad) 0,05; 
(XXX)/(XXVII) ~I ,5 

8 tlOOC(GHzs 30 32 4 30 !1t,90 (Xe) 0,t4, (XXV-3e) ~-, (XXYI- 0,8~ 
(t-at) ' 3e) 0 ,42;  (XIe) ~0,0I; 

(XXVII-3e} ~- (XXX-3el 0,08; 
�9 (xxx) l(XXVI1) ~ , 7  

9 tiOOCiCH~h,,CH(CH~)COOI{ 25 27 '2 25 0,90 (XXV-t0a) + (XXVI-t0a) 0,70; 0,80 
(t-10a) ' (XXV)/(XXVI) ~1,5; (XXVII- 

10a) -}- (XXX-t0a) 0,10 

*Solvent - benzene, 100 ml; 80~ reaction tfl~e from start of adding LTAto cessation of 
CO 2 evolution ~3 h;time of adding LTA - 2 h. 
"~See footnote to Table 1 for (VII)-(IX) and (XVI)-(XXIV); (Xb-e) are respectively the 5- 
ethyl-5-hexyl-, 5-octy1-, 5-decyl-5-valerolactones; (Xb-e) are respectively the 7- 
propyl-, y-heptyl-,7-nonyl- ' and y-undecyl-y-butyrolactones; (XXV-3b-e) are respectively 
the ~s %beptenoic, ZX s' 6-undecenoic, A s, S-tridecenoic, and Ag 6-pentadecenoie acids; (XXVI- 
3b-e) are respectively the ~x~,S-hepteonic, ~x~S-undeeenoic, A4~-trideceaoic, and Zx4'S-pen - 
tadeconic acids; (XXV-10a) and (XXXVt-10a) are the 12- and ll-trideconoic acids; (XXVII 
3e-e) are the deea-, dodeea-, and tetra-l,4-decadienes; (XXX-3c-e) are the deca-, dodeca-, 
and tetra-l, 3-decadienes; (XXVII-10a) and (XXX-10a) are the 1, i l-and 1,10-dodecadienes; 
(XXVtlld) is 2-decenyl aeeta:e; (XXIXd) is 3-aeetoxy-l-decane. 

Scheme 3 
G~H, CsHx~CH~CH2COOCH~ <SSH__ (IV) ~ CsHx~CH(C.Hs)CH~C00CH3 

(XVI) ~ (XVII) 
+ C6H. T CsHxR;HCH~COOCH~ - 

--H+[ [ AcO- 

CsHx?CH=CHCOOCH3 + CTHlsCH=CHCH~COOCH3 CsHxTCH(OAc)CH~COOCH8 
(xviii) (xix) (xx) 

The  app l i ca t ion  of Scheme 3 to the (VI) r a d i c a l s  can  exp la in  t h e i r  c o n v e r s i o n  to the m e t h y l  e s t e r s  of 
the c y c l o h e x a n e e a r b o x y t i c  (XXI), the 1-  and  2 - c y c l o h e x e n e c a r b o x y l i c  (XXID and  (XXIII), and  the 2 - a c e t o x y -  
c y c t o h e x a n e c a r b o x y l i c  (XXIV) ac id s .  T a k i n g  in to  c o n s i d e r a t i o n  the t endency  of the 3- and  4 - e a r b o x y a l k y l  
r a d i c a l s  to unde rgo  i n t r a m o l e c u l a r  c y c l i z a t i o n  [14], i t  i s  p o s s i b l e  to a s s u m e  an  a l t e r n a t e  pa th  for  the con -  
v e r s i o n  of r a d i c a l s  (II-2) and  (II-3) to l a c tones  (VII) and (X) 

�9 LTA ~ § --H+ 
(II) ~ HO--C (CH~)~CHCH~R ~ HO--CH(CH~)~CHCH~tt ~ {VII) and (X) 

{--o-All { - -o  l 

The oxida t ion  of the 1 ,3-  and  1 , 4 - d i c a r b o x y l i c  ac ids  by LTA to the T -  and  5-1ac tones  was  o b s e r v e d  
in  [12], w h e r e ,  as in  the p r e s e n t  p a p e r ,  the i n v o l v e m e n t  of c a r b o n i u m  ions  in  the f o r m a t i o n  of the 

l a e tones  i s  pos tu l a t ed .  
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Independent of the mutual  a r r a n g e m e n t  of the COOH groups ,  the decarboxylat ion of the (I) acids  in 
the p r e s e n c e  of Cu(OAc)2 leads to the i r  p redominan t  convers ion  to unsa tura ted  acids (XXV) and (XXVI) 

L TA Cu ( I I ~  ~ RCH=CH(CH~)n COOH (xxv)  

RCH~CH= CH(CH2)n_IC00H (XXVI) 

In like manner ,  the main oxidation p roduc t s  of acid  (lID become  the methyl  e s t e r s  of the 2-  and 3-undece-  
noic acids ,  while in the case  of acid  (V) the methyl  e s t e r s  of the 1- and 2-cyc lohexenecarboxyl ic  acids a r e  
the main products .  The fo rmat ion  of unsa tura ted  and acetoxyalkanoic  acids  is a lmos t  comple te ly  sup-  
p r e s s e d ,  and the f rac t ion  of lactones in the total  r eac t ion  produc t  d e c r e a s e s .  The fo rmed  unsa tura ted  
ac ids  (XXV) undergo pa r t i a l  decarboxyla t ion  and subsequent  t r ans fo rma t ion  to a lkadienes  (XXVII) and 
a lkenyl  ace ta tes  (XXVIII) and (XXIX) 

(XXV) LTA RCH~CH(CH~)n_tdH ~ cu(H) RCH=CH(CH~)~_~CH=-CH~ 
-co, 1 n>~ n=l Cu(OAc), (XXVII) 

RCH=CHCH2OAc ~- RCH(0Ac)CH=CH2 
(xxvIID (xx:x) 

In a s i m i l a r  manner ,  a lkadienes  RCH2CH=CH(CH2)n_3CH=CH2 (XXX) a re  fo rmed  f r o m  the unsa tu-  
r a ted  acids  (XXVI) when n >- 3, while a lkenyl  ace t a t e s  RCH2CH=CHCH2OAc (XXXI) and RCH2CH(OAc)CH 
=CH 2 (XXXII) a r e  f o rm ed  when n = 2. The unsa tura ted  acids (XXV-1) and (XXVI-2), with the double bond 
in the 3,4 posi t ion,  a r e  m o r e  inclined to undergo the s ame  secondary  reac t ions .  F o r  this r e a s o n  in Expts.  
2 and 4 (see Table  2), where  acids  of this type a r e  the products  of the f i r s t  decarboxylat ion s tep,  they a r e  
obtained in low yield.  Judging by the yield of a lkadienes  (XXVII) and (XXX), acids  (XXV) and (XXVI), with 
a C=C bond in the 4,5 and m o r e  dis tant  posi t ion,  a r e  decarboxyla ted  to the extent  of ~10-20% under  the 
exper imen ta l  condit ions.  

An ana lys i s  of the obtained r e su l t s  makes  it poss ib le  to conclude that the copper  sal t  substant ia l ly  
changes  the c h a r a c t e r  of the t r ans fo rma t ions  of the rad ica l s  that a r e  genera ted  f r o m  acids  (I), (III), and 
(V} under  the influence of Pb(IV). It is  known that Cu(II), when compared  with other  va r iab le  valence 
me ta l s ,  has a much g r e a t e r  capaci ty  to oxidize alkyI  r ad ica l s  [15], and in this r e s p e c t  is  f a r  supe r io r  to 
lab(IV) [16]. The d i rec t ion  of the reac t ion  of LTA with d icarboxyl ic  a c i d s o h a n g e s i n t h e  p r e s e n c e  of 
Cu(OAc) 2, while the t r an s fo rm a t i ons  of the f o rmed  rad ica l s  that a r e  obse rved  he re  actual ly  give i n f o r m a -  
tion rega rd ing  the i r  reac t ion  with Cu(H). As a resu l t ,  i t  was found that the mutual  a r r a n g e m e n t  of the 
functional group and rad ica l  cen te r  in r ad ica l s  (II), (IV), and (VI) exe r t s  a ve ry  in te res t ing  effect  on the i r  
compet ing  oxidative f i -deprotonat ion under  the influence of copper  ions r e spec t ive ly  to the i s o m e r i c  un-  
sa tu ra ted  acids (XXV) and (XXVI), e s t e r s  (XVIII) and (XIX), and e s t e r s  (XXII) and (XXIII). This  effect  is 
p r i m a r i l y  mani fes ted  in the fact  that  the reac t ion  is  d i rec ted  predominant ly  toward the fo rmat ion  of (XXV), 
(NIX), and (XXIII), ice . ,  unsa tura ted  acids  and the i r  e s t e r s  where  the C=C bond is  fu r the r  away f rom the 
carboxy of carba lkoxy group, as  the r e su l t  of the functional group of the rad ica l  inhibiting the compet ing 
oxidative react ion,  which leads to (XXVI), (XVIII), and (XXII). Thus,  in the case  of the (II-1) r ad ica l s  the 
2-alkenoic  acid (XXVI-1) is f o rm ed  only in an amount  equal to ~25% of the i s o m e r i c  3-alkenoic acid 
(XXV-1), if i ts  amount,  conver ted  to alkenyl  ace t a t e s  (XXVIII) and (XXIX), is taken into account  (see 
Table 2, Expt.  1). However ,  this effect  of the COOH groups d e c r e a s e s  rapidly  with inc rease  in thei r  d i s -  
tance f rom the rad ica l  cen te r ,  and b e c o m e s  b a r e l y  noticeable even for  the 4 -carboxya lky l  r ad ica l s .  Fo r  
example ,  the 4- and 3-alkenoic  acids (XXV-2) and (XXVI-2) a re  fo rmed  f rom the 3 -carboxya lky l  r ad ica l s  
( I I - 2 ) i n a n ~ 3 : l  ra t io ,  while the 5- and 4-a lkenoic  acids  (XXV-3) and (XXVI-3) a r e  f o rmed  f r o m  the 
4 -carboxya lky l  r ad ica l s  ( H - 3 ) i n a n ~ l . 5 : l  r a t io  (Expts.  4 and 5, see Table 2). The ca rbomethoxyl  groups 
exe r t  a s m a l l e r  effect  than the carboxyl  groups in analogous reac t ions .  Thus,  if  the 2- and 3-alkenoic 
acids  (XXVI-1) and (XXV-1) a r e  f o rm ed  f rom the 2 -ca rboxya lky l  r ad ica l s  (II-1) in an ~1 : 4 rat io ,  thenthe 
oxidation of the 2 -ca rbomethoxya lky l  r ad ica l s  (IH) under  analogous conditions leads to a mix tu re  of the 
methyl  e s t e r s  of these acids  in an ~1 : 3 ra t io .  The same  ra t io  of the e s t e r s  of the A 2'3- and Aa,4-acids is  
obse rved  in the oxidation of the 2 -ca rbomethoxycyc lohexy l  r ad ica l s  (VI). A s im i l a r  i n t r amo lecu l a r  effect  
of a functional group on the oxidative f l -deprotonat ion of functionally subst i tuted alkyl  r ad ica l s  under  the 
influence of Cu(II) was obs e rved  p rev ious ly  for  the acetoxyalkyl  r ad ica l s  [7]. The mechan i sm by which the 
acetoxyl  group, as  well  as  the carboxyl  and carbomethoxyl  groups,  exe r t  an effect  on the oxidative f l -de-  
protonat ion of r ad ica l s  is apparent ly  the s ame  in al l  c a se s .  I ts  in te rpre ta t ion  as applied to the oxidation 
of ace toxyalkyl  r ad ica l s  is  given in [7]. 
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E X P E R I M E N T A L  M E T H O D  

F o r  the GLC ana lys i s  we used  a ch roma tog raph  equipped with a f l ame- ion iza t ion  de tec tor  and 2 m 
x 4 m m  s ta in less  columns packed  with 15% PEGS, 10% Tween-40 ,  15% FFAP,  and 15% Silicone Oil DS-550 
deposi ted on ac id -washed  Chromoso rb  W (0.16-0.20 mm) .  The c a r r i e r  gas was ni t rogen.  The N1V~ spec -  
t r a  were  obtained on a Var ian  DA-60- IL  i n s t rumen t  at  60 MIIz, using N30% CC14 solutions and HMDS as  
the in terna l  s tandard;  the IR spec t ra  were  taken on a UR-10 spec t ropho tome te r  as a thin l aye r  and in CCI 4 
solution; the m a s s  spec t r a  were  ~aken on MX-13-03 and Var ian  MAT-111 in s t rumen t s .  

The c h a r a c t e r i s t i c s  of the employed  LTA, Cu(OAc) 2 �9 H20, pyr id ine ,  and benzene a r e  given ia [7]. 

2 -Ethy lg lu ta r ic  Acid (I-2b). This  was obtained by the saponif icat ion of 4 ,4 -d ica rbe thoxycapro ic  acid 
and subsequent  t h e r m a l  decarboxyla t ion ,  bp 190 ~ (20 ram),  mp 50-51 ~ (from benzene) .  Found: C 52.201 
H 7.70%; neutra l iza t ion  equivalent  (NE)82.  C7H1204. Calculated:  C 52.50; H 7.50%; NE 80. 

2-Ethyladipic  Acid (I-3b). This  was obtained by the homolyt ic  a lkylat ion of bu tyr ic  acid with vinyl-  
ace t ic  acid as  desc r ibed  in [17]; yield 42%; bp 135-140 ~ (0.5 mm);  mp 47-48 ~ (from benzene) .  Found: 
NE 90.2. C8H1404. Calculated:  NE 87. 

2-Octy lsucc in ic  ( I - ld) ,  2 -Methyl t r idecanoic  (I-10a), and 2-Alkyladipic  ( I -3c-e)  Acids .  These  were  
obtained by the saponif icat ion of the methyl  e s t e r s  of the co r respond ing  ac ids .  The synthes is  of the e s t e r s  
of acids ([- ld) ,  (I-3e), and (I-3d) is  desc r ibed  in [17]. The e s t e r  of acid (I-10a) was p r e p a r e d  as  desc r ibed  
in [17] f r o m  propionic  acid and methyl  undecenate  in 55% yield,  bp 160-165 ~ (0.1 ram), while the e s t e r  of 
acid (I-3c) was obtained by  a s i m i l a r  p r o c e d u r e  f rom dimethyl  adipate and 1-hexene in 60~ yield,  bp 110- 
116 ~ (0.08 mm) .  The d icarboxyl ic  ac ids  were  pur i f ied  by r ec ry s t a l l i z a t i on  f r o m  benzene and p e t r o l e u m  
ether ,  and the i r  pur i ty  was checked by the NE. The mel t ing  points  of the synthes ized  acids  were :  ( I - ld)  
75-77~ (I-10a) 84~ (I-3c) 48-49~ (I-3d) 58-60~ {I-3e) 63-65 ~ 

Monomethyl  E s t e r  of 2-Octylsuccin ic  Acid (III). This was obtained in quanti tat ive yield by t rea t ing  
2-oc ty l succ in ic  anhydride with methanol  [18]. Acid (III) is an oil with n~  1.4462. Found: NE 252. 
C13H2404. Calculated:  NE 242. In f r a r ed  s p e c t r u m  (PC=O): 1712 and 1745 cm - i .  2-Octylsuccinic  an-  
hydride was obtained in the homolyt ie  a lkylat ion of succinic anhydride with 1-octene by the following 
method.  To a heated mix tu re  of 50 g (0.5 mole)  of succinic anhydride and 10 ml  of chlorobenzene was 
added a solution of 3 g (0.02 mole) of t e r t -bu ty t  peroxide  in 11.2 g (0.1 mole) of 1-octene in 4 h, the mix -  
ture  was heated for  another  1 h, and then 50 ml  of chlorobenzene was added to it  a t  one t ime ,  the mix tu re  
was cooled, the p rec ip i t a t e  was f i l t e red  and washed with e ther ,  and the e the r  ex t r ac t  and chlorobenzene 
solution were  evapora t ed  in vacuo.  Rec rys t a l l i za t ion  f r o m  p e t r o l e u m  e ther  gave 8.5 g (40%) of 2 -oc ty l -  
succinic anhydride,  mp 58-60 ~ Found: anhydr ide  equivalent  211 (de termined as  desc r ibed  in [19]). 
C~2H2003. Calculated:  212. In f ra red  s p e c t r u m  (PC=O): 1782 and 1865 c m  -1. 

Monomethyl E s t e r  of 1 ,2-Cyclohexanedicarboxyl ic  Acid (V). This  was obtained by the cata lyt ic  
hydrogenat ion ove r  Raney nickel  (50 a tm,  6 h) of a methanol  solution of the monomethyl  e s t e r  of 4 - cyc lo -  
h e x e n e - l , 2 - d i c a r b o x y l i c  acid;  yield 95%; mp 65-67 ~ (benzene -pe t ro l eum ether) .  Found: NE 177. 
C9H1404. Calculated:  NE 186. In f r a red  s p e c t r u m  (PC=O): 1710 and 1740 c m  -1. The monomethyl  e s t e r  
of 4 - c y e l o h e x e n e - l , 2 - d i c a r b o x y t i c  acid was p r e p a r e d  as desc r ibed  in [18] by t rea t ing  the anhydride of the 
co r respond ing  acid,  the adduct  of butadieae and ma le i c  anhydride  [20], with methanol ;  the yie ld  of the 
e s t e r  was 98%; mp 76-79 ~ (petroleum ether) .  

Genera l  Method for  the Oxidative Decarboxyla t ion  of Carboxyl ic  Acids .  This  was desc r ibed  in [7]. 
On conclusion of adding the LTA the ref luxing (~80 ~ of the reac t ion  mix tu re  was continued until the CO 2 
evolution ceased  (1-13 h), a f t e r  which the mix tu re  was cooled, t r ea ted  with an ~3-fo ld  m o l a r  excess  of 
1 : 1 HCt solution, the p rec ip i t a t e  was f i l te red ,  ~nd the organic  l aye r  of the f i l t r a t e  was diluted with e ther ,  
washed with water ,  and dr ied  over  MgSO 4. After  dis t i l l ing off the solvents  the res idue  was analyzed e m -  
ploying GLC, NMR, IR, and m a s s  s p e c t r o m e t r y ,  e i ther  d i rec t ly  or  a f t e r  f rac t iona l  dis t i l la t ion in vacuo or  
by  p r e p a r a t i v e  GLC. The ch romatograph ic  de te rmina t ion  of the amount  of compounds in the res idue  was 
accompl i shed  us ing  in terna l  s tandards ,  while the amounts  in the f rac t ions  were  de te rmined  us ing  the 
in terna l  normal iza t ion  method.  The r e su l t s  of studying the reac t ion  p roduc t s  by the indicated phys ica l  
methods  a r e  s u m m a r i z e d  in Table  3. The ra t io  of the unsa tu ra ted  acids  (XXV) and (XXV/), e s t e r s  (XVII) 
and (XIX), {X~II) and (XXIII), and a lkadienes  (XXVII) and (X~X), was es tab l i shed  both ch romatograph ica l ly  
and f r o m  the in tegra l  in tens i t ies  of the s ignals  of the p ro tons ,  c h a r a c t e r i s t i c  for  the co r respond ing  c o m -  
pounds (see Table 3). 
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T A B L E  3. In f r a red ,  NMR, and Mass  Spect ra  of Reac t ion  P r o d u c t s  

No.~o ] Product I lrtfrared NMRspectmm, 6, ppm Mass spectrum, m/e (re- 
2 [ " [  tspectrum' [ Lative intensity) ~.  ~'max, cm-* (integral intensity). 

t J[ iVlI) 

2 I (Xb)+ (XIIb)+ 
+(xIIrb) 

3 i (XVlI) 

4 i (XXII) + 
+ (XXIII) + 
+ (xxiv) 

2 2 (xviiI)+(iIX} 

3 2 (xxii) + 
(+XXIII) 

4 (VII) + (VIII)-~ 
+ (IX) 

5 9 (Xb) 

5 (XXV-ab) + 
+ (XXVI-3b) 

6 , (Xc) 

6 (XXV-3e) + 
- (XXVI-3e) ? 

7 2 XXVII-3d) + 
k-(XXX-3dlr 

9 2 (XXV-i0a) + 
+(XXVI-t0a) 

i780 

1654, 17t2, 
1742 

1742, 3O30 

t654. i725, 
i745, 3040 

I660, t742, 
3035 

i654, 1725, 
i745, 3040 
i712, 1780 

i740 

i640, i712, 
3O80 
1740 

1710 

1645 

i645, i7i2 

0,9t (3H). ~2,t--2,6 m 
(6H), 4,35 m (H) 
4,35m(~0,27 H), 5,3 m 
(~0,7 H) 

- -  202(100), 9t(67), 12t(50), 
44(50), 57(48) ,tt8(42), 
104(37), 69(3O), 276(28, 
M+), 105(27), 2t6(17), 

i,85s (2H), 5,7m(~0,5H) i63(i4) _ 

0,9t (3H), 2,9m (i,5H) 
3,6 s (3H). 5.3 m (l,5H), 
5 ,8m (0,25H), 6,7m 
(0,25H) 
5,Tm(l,5H), 6,9m (0,5H) 

0,9t (2H), 1,2--2,7 m 
(~6H), 2,9m(~0,2H), i 
4,3m (0,6H), 5,3m (0,7H). 
9 s (~0,4H) 
0,9t (3H), 2,1--2,6m 99(100), 42(64), 71(56), 
(8H), ~,35m (H) 55(50) t28(7, M +) 
0,9 t (i.2H), 1.6 m(i,8H), ' -- 
5 3m(2H), i0,5s (H) 
0',9t (3H). 1,2--2,2m 199(t00), 55(49), 42(44), 
(t6H), 4,35 m (H) 70(42), 44(27), 40(29), 

[71(2i), 29(2i), 1t4(8) 
0,9t (3H), 1,25m(14H), I 
5.3 m (2H). 10,25s (H) [ 
(LOt (3H), 1,25m (till), I 
2,65m(O,6H), 4,6--6.3m ] 
(5H) 
1,25 tu (15,2H), 1,57tu 
(i,2H), 1,92m(2H), 2,22t 
(2H), 4.7--4.95m (i,2H), 
5.25m (0,6H), 5.5--6m 
(0,SH), 10,25s (H) 

*The intensity of the signals of the characteristic protons of a mixture of two or three pro- 
ducts is given on the basis of the ratio to the total integral of the given tuixtum. 
%The spectra of lactones (Xd) and (Xe) resemble the spectra of lactone (Xc), the spectra 
of the mixtures (XXV-3d)+ (XXVI-3d) and (XXV-3e) + (XXVI-3e) resemble the spectrum 
of the mixture(XXV-3e)+(XXVI-3e) and the spectra of alkadienes (XXVII-3e) and (XXX- 
3e) resemble the spectrum of alkadienes (XXVII-3d) and (XXX-3d). 

CONCLUSIONS 

I. The reaction of lead tetraacetate with diearboxylic acids of general formula RCH2CH(COOH) (CH2) n- 
COOH (R = Alk, n = I, 2, 3 or i0) in the presence of pyridine led to their selective oxidation decarboxyla- 

t ion and the gene ra t i on  of c a rboxya l ky l  r a d i c a l s  RCH2CH(CH2)COOH. In a s i m i l a r  m a n n e r ,  the 1 - ( c a r b o -  
me thoxymethy l )nony l  and 2 - c a r b o m e t h o x y c y c l o h e x y l  r a d i c a l s  w e r e  obta ined f r o m  the monome thy l  e s t e r s  of  
the 2 - o c t y l s u c e i n i c  and c y c l o h e x a n e - l , 2 - d i c a r b o x y l i e  ac ids .  

2. The  ma in  p r o d u c t s  when the r a d i c a l s  a r e  ox id ized  with the Pb(IV) and Cu(II) c a r b o x y l a t e s  a r e  
a lkenoic  ac id s  and the i r  e s t e r s ,  7 -  and 6 - l a c t o n e s  (in the oxidat ion of the ca rboxy la lky l  r a d i c a l s  with 
n = 2 and 3), and e s t e r s  of a c e t o x y - s u b s t i t u t e d  m o n o c a r b o x y l i c  ac ids  (when oxidat ion is  with Pb(IV) c a r b -  
oxyla tes) .  

3. The ca rboxy  and c a r b o m e t h o x y  g roups  in the 2-  and 3 - c a r b o x y -  and 2 - c a r b o m e t h o x y a l k y l  r a d i -  
ca l s  d i r e c t  the oxidat ive f l -depro tona t ion  of these  r a d i c a l s  unde r  the inf luence of c o p p e r  ions  p r e d o m i n a n t l y  
toward  the f o r m a t i o n  of  a lkenoic  ac ids  o r  of the i r  e s t e r s ,  whe re  the double bond is  f u r t h e r  away f r o m  the 
funct ional  group.  

Io 

2. 
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