OXIDATIVE DECARBOXYLATION OF DICARBOXYLIC
ACIDS BY LEAD TETRAACETATE AND OXIDATION
OF GENERATED CARBOXYALKYL RADICALS BY
Pb(IV) AND Cu(Il) CARBOXYLATES*

Yu. N. Ogibin, M. I. Katsin, UDC 542,.943.7:547.461:541.515
and G. I. Nikishin

The oxidative decarboxylation of carboxylic acids by lead tetraacetate (ILTA) is one of the simplest
methods for the generation of alkyl radicals [2, 3]

LTA
RCOOH ——> R’ + CO, 4 H* .

This method was used to generate radicals from unsubstituted alkanoic {4-6], acetoxyalkanoic [7], 1,2~
alkane- and cycloalkanedicarboxylic [8, 9], disubstituted malonic [10], aralkylcarboxylic [5, 11], and other
acids [2, 12]. Under the reaction conditions the formed radicals are partially oxidized by Pb{IV) carboxyl-
ates. The fraction of the radicals that undergoes oxidation, and the character of the obtained products,
both depend to a large degree on the structure of the alkyl fragment, the presence of functional substituents,
and their arrangement with respect to the radical center [2].

In order to ascertain the effect of these factors on the little~-studied reactions of carboxyalkyl and
carbalkoxyalkyl radicals, in the present paper we studied the oxidative transformations of radical (II),
(IV), and (VI) under the influence of the Pb(IV) and Cu(ll) carboxylates. These radicals were generated by
the oxidative decarboxylation of the alkanedicarboxylic acids (I) and monomethyl esters of 2-octylsuccinic
(IID) and 1,2-cyclohexanedicarboxylic (V) acids with LTA

COOH
| LTA .
RCH2CH(CHz),COOH —> RCH2CH(CH:),COOH + COz + H+
11
o n=A1, 2, BE a)nd 10

R=H{a), CHs(b), CsHu (¢}, C:Hi5 (d) and CoHys ()
GOOH

| .
CoH1-CHCH:COOCH; 1% CsHy,CHCHRCOOCH; + COs 4- H+
(I11) (v)
COOH

0L ) o

N
COOCH: COOCH;3
v VD

The reaction was run at 80°C in benzene, in an inert gas atmosphere, using approximately equimolar
amounts of the decarboxylated acid and LTA (except Expts. 1 and 2, Table 1, and Expt. 5, Table 2), in the
presence of pyridine (~1 mole/mole of LTA), which facilitates the decarboxylation [4]. In addition, in the

experiments where the behavior of the radicals toward the Cu(Il) carboxylates was studied we used cupric
acetate in an amount of ~0.1 mole/mole of LTA. The obtained results are given in Tables 1 and 2.

It was established that the structure of R in the (I) acids is practically without effect on the reaction
of (I}. The decarboxylation of the (I) acids, which differ in a variable position of the COOH groups relative

*See [1] for previous communication.

N. D, Zelinskii Instifute of Organic Chemistry, Academy of Sciences of the USSR, Moscow. Trans-
lated from Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, No. 6, pp. 1345-1352, June, 1975.
Original article submitted July 19. 1974.

© 1975 Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part of this publication may be reproduced,
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming,
recording or otherwise, without writien permission of the publisher. A copy of this article is available from the publisher for $15.00.

1241



TABLE 1. Oxidative Decarboxylation of Acids (I), (III), and (V) by
Lead Tetraacetate (LTA)*

s Reaction products, mole /mole of LTAT Total

4 ” .

1 : ield (de-

;%_ Acid GO: other productst Z oid of COy)

1 | HOOCCH.GH,CHIGHICOOH | 0,85 | (VII) 0,38: (VLD +(1X) <0,01 0,38

2 | HOOC(CH),CH(G:H)cOoOH | 0,83 [ (Xb) 0,57; (XIb) 0,03; (XIIb) + 0,79
(1-36) 4 (XIIb) 0,11; (XIvb) 0,08;

(XVb) <0,01

3 | CH,00CCH.CH(C,H,)c00H | 0,62 1 (XVI) 0,02; (XVII) 0,19; (XVIID) 4- | 0,45
(I1L) 4+ (XIX) 0,06, (XIX)AXVIII) ~3,9;

(XX) 0,18

4 | /\_coocH, 0,60 | (XXI)0,18; (XXII) + (XXIII) 0,13, 0,48

] | ) (XX1ID)/ (XXII) 0,65; (XXIV) 0,27

{ /—GooH

*Acid = 15 mmoles (Expts.1 and 2) and 10 mmoles (Expts.3 and 4), LTA and pyridine

= 10 mmoles each in all of the experiments, solvent - benzene, 100 m1; 80°; reaction
time from the start of adding the LTA to the cessation of CO, evolution (in the order of the
experiments) = 6.5, 2, 15, and 15 h; time of adding the LTA = 3,1, 5, and 5 h.

TThe yield of the products was determined by analytical GLC. .

FCompound (VII) is y-ethyl~y-butyrolactone; (VIII) and (IX) are the 3~ and 4-hexenoic
acids (Xb) is §-ethyl-6-valerolactone; (XIb) is y-propyl-y-butyrolactone; (XIib) and
(X1IIIb) are the 4~ and 5-heptenoic acids; (XIVb) is heptanoic acid; (XVb) is 5-acetoxy-
heptanoic acid; (XVI) is methyl undecanoate; (XVII) is methyl 3-phenylundecanoate;
(XVHI) and(XIX) are methyl 2-undecanoate and methyl 3~undecenocate; (XX) is methyl
3-acetoxyundecanoate; (XXI)is carbomethoxycyclohexane;(XXII) and (XXIII) are the 1-
and 2-carbomethoxycyclohexenes; (XXIV) is 1-carbomethyoxy-2~acetoxycyclohexane.

toeach other, alsoproceeds just as smoothly if the reactionis runinthe presence of copperionsand, incontrast,
intheir absence a substantial retardation of CO,elimination is observedas the COOH groups approach each other,
Thus, under comparable conditions the decarboxylation of acids (III) and (V) is effectedin 15h, that of acids
(I-2b)t in 6.5h, and that of acids (I-3b)in 2h. Of the two COOH groups in the (I) dicarboxylic acids the group
attached to the secondary C atom is eliminated selectively under the experimental conditions [13].

Inthe experiments not using cupric acetate, among the products thatare formed from radicals (II), (IV),
and (VI) the following were identified and quantitatively determined via GLC, IR, NMR, and mass spectroscopy:
alkyl-substituted y-butyrolactones (VII) and (XI), 6-alkyl-6-valerolactones (X), alkenoic acids (VIII), (IX), (XII),
and (XIII), unsaturatedacids (XIV), and other compounds (see Table 1). With the exception of the (XIV) acids,
and esters (XVI)and (XXI), nearlyall of them are the oxidation products of the corresponding radicals by lead
tetraacetate. The processes for their formation from radicals (II-2b), (II-3), (IV), and (VI) apparently in-
clude the carbonium ions as intermediate particles, and can be depicted by the following schemes:

Scheme 1

(i1-2b) 274 ot 8 HCH:CHCOOH — Csz——'OzO (VID)
‘L —H+ 0
CaHsCH —CHCH:COOH - CHCH=CHCH:CH:COOH
(VIIT) (1X)

Scheme 2
7\
RCHz—!\ /|=o RCHzCHz—O:O
o (X o (X1)
1

1

LTA . ittt +
(11-3) T4 RCH.CH(CH2):COOH T~ RCH:CH:CHCH:CH:COOH

—H+ AcO-

ISH

J

v
|

R(CH2)sCOOH  RCH:CH=CHCH»CH.COOH + RCH=CH(CHz)sCOOH

(XIV) (XI1) (X111)

e
RCH2CH(OAc) (CH2)sCOOH
(XV)

t Adopted designations: the Roman numeral represents the general formula of the compound, while the
Arabic numeral and letter, respectively represent the n and R values.
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TABLE 2. Oxidative Decarboxylation of Acids (I), (III'), and (V) by
Lead Tetraacetate (LTA) in the Preseuce of Cu(OAc),™*

. Reactants, Reaction products, mole /mole of LTA}
. mmoles =
% 3 ug) 'Q’J;;;U
N P (o) 1]
. id < —
2 Ae gle]S 12| & other productst S
2 2ia
>< CREISEAEREN c.g Q
4] S 1wl Sl [N S)]

D
[2)]

HOQCCH,CH(CH;)COOH 30 0,85 (XXV-1d) 4 (XXVI-1id) 0,18; 10,28
Va0 0101 B X)) ~ 2 (XX VAT +
(XXX 0,10,
CH,00CCHCH(C,HmCOOH sle | slo 75 (XVI) + (XI1X) 0,36; (X1X)/|0,37
e [T 512t 5| Vi Rt Xvh 0,01 |
(XVIDand(XX) <0,01

317N 10] 10|12 | 50,90 (XXL) + (XXI1I) 0,85 0,88
g l !GOOCHa - (XXIID) (XX ~2,7, (XXI)
{_jCooH . (,03; (XXIV)<0,0

HOOCCHCHCH(C:HACOOH | 90| 2215 | 2510,90| (VID) 0,25; (VIIT) + (1X) 0,15:]0,40
4lashy " : EIX)/(VIII) ~3 ’

5 | HOOG(CHaLCHC.HICOOH | 51 t0|2 | 10]0,95| (XD) 0,18; (XXV-3b) + (XXVI-10, 88
3 |3y > 3by, 0,70, (XXV)/(XXVI) ~1,5

(X1b) <0,01
5 | HOOC(CH )CH(CHWCOOH | 251 26| 2, 5| 25]0,85] (Xc) 0,15; (XXV-3¢) + (XXVI-10,72
O Gy 5| 26125 2 5 0% (XIc) | <<0,01;

(XX VIT1-3¢) + (XXX-36) 0,07
(Xd) 0,18; (XX V-3d) + (XXVI-f0 72
3d 0,49 (Xlg) <0,01;
(XXVIL-3d) + (XXX-3d 0,05
(XXX)/(XXVID) ~1,5
§ | HOOG(CH)CH(Co H=NCO0H | 301 3214 | 3010,90] (Xe) 0,14; (XXV-3e) + (XXVI-10,64
(1-3e) 30 0,42 (Xle) <0,0%;
(XXVII-3e! + (XXX-3e) 0,08,
(XXX)/(XXVID) ~1,7
0,90 (XX V-10a) 4 (XXVI-102) 0,70:0,80
(XXV)/(XXVD) ~1,5 (XXVII-
[ 10a) 4 (XXX-10g) 0,10

B~

T (IJ[S)j(%C(CHg)SCH(C,HH)COOH 40| 4415 40(0,8

q

3
1
St

HOOG(CH2)sCH(CH, ) COUE 251 2712
([-10a)

#Solvent = benzene, 100 ml; 80°; reaction time from start of adding LTAto cessation of

CO, evolution - ~3 h;time of adding LTA = 2 h.

TSee footnote to Table 1 for (VII)-(IX) and (XVD)~(XXIV); (Xb-e) are respectively the &-
ethyl-&-hexyl-, é-octyl-, &-decyl-&-valerolactones; (Xb-e) are respectively the y-
propyl~, y-heptyl- y-nonyl-, and y-undecyl-y-butyrolactones; (XXV-3b-e} are respectively
the A%®-heptenoic, A%S-undecenoic, A% °-tridecenoic, and A% -pentadecenoic acids; (XXV1-
3b-e) are respectively the A%®-hepteonic, A*5-undecenoic, A%*-tridecenoic, and A*3-pen-
tadeconic acids; (XXV-10a) and (XXXVI-10a) are the 12~ and 11l-irideconoic acids; (XXVII
3c-e) are the deca~, dodeca-, and tetra-1,4-decadienes; (XXX-3c-e) are the deca-, dodeca~,
and tetra-1 3-decadienes; (XXVII-10a) and (XXX-10a) are the 1,11-and 1,10-dodecadienes;
(XXV1Id) is 2-decenyl acetate; (XXIXd) is 3-acetoxy-l-decane.

Scheme 3
C,
CyHrCH;CHoCOOCHs <o (1V) S%8 (5Hy7CH(CoHs)CH2COOCHs
(XV]) J (XVID
CeHe
CoHEHCHCOOCH; — o1
—H+ | I AcO—
CyH1:CH =CHCOOCH; -+ C7Hi;CH=CHCH:COOCHz CsH1:CH (0 Ac)CHaCOOCHS
(XVIII) (XIX) (XX)

The application of Scheme 3 to the (VI) radicals can explain their conversion to the methyl esters of
the cyclohexanecarboxylic (XXI), the 1- and 2-cyclohexenecarboxylic (XXIT) and (XXTII), and the 2-acetoxy-
cyclohexanecarboxylic (XXIV) acids. Taking into consideration the tendency of the 3- and 4-carboxyalkyl
radicals to undergo intramolecular cyclization [14], it is possible to assume an alternate path for the con-
version of radicals (II-2) and (II-3) to lactones (VII) and (X)

, LTA -
(1) = HO—C (CHz), CHCH: R — 2 HO—CH(CH,), CHCH:R 20, (VIT) and (X)
Lol o0l

The oxidation of the 1,3- and 1,4-dicarboxylic acids by LTA to the v~ and d6-lactones was observed
in [12], where, as in the present paper, the involvement of carbonium ions in the formation of the
lactones is postulated.

1243



Independent of the mutual arrangement of the COOH groups, the decarboxylation of the (I) acids in
the presence of Cu(OAc), leads to their predominant conversion to unsaturated acids (XXV) and (XXVI)

— RCH=CH(CH,),, COOH (XXV)
@y XTA (gpy Sudn)

_» RCH,CH=CH(CH.),, ,COOH. (XXVI)

In like manner, the main oxidation products of acid (IlI) become the methyl esters of the 2~ and 3-undece-
noic acids, while in the case of acid (V) the methyl esters of the 1- and 2-cyclohexenecarboxylic acids are
the main products. The formation of unsaturated and acetoxyalkanoic acids is almost completely sup-
pressed, and the fraction of lactones in the total reaction product decreases. The formed unsaturated
acids (XXV) undergo partial decarboxylation and subsequent transformation to alkadienes (XXVII) and
alkenyl acetates (XXVII) and (XXIX)

xxv) LT4 ReH—CH (CHa),_,CHe 2. RCH=CH(CHy),_,CH=CHe
~—CO2

nz2
(XXVII)

n=1 Cu(OAc)

RCH=CHCH:0Ac 4 RCH(OAc)CH=CH:
(XX VIII) (XX1X)

In a similar manner, alkadienes RCHyCH=CH(CH,)y-sCH=CH, (XXX) are formed from the unsatu-
rated acids (XXVI) when n = 3, while alkenyl acetates RCH,CH=CHCH,0Ac (XXXI) and RCH,CH(OAc)CH
=CH, (XXXII) are formed when n = 2. The unsaturated acids (XXV-1) and (XXVI-2), with the double bond
in the 3,4 position, are more inclined to undergo the same secondary reactions. For this reason in Expts.
2 and 4 (see Table 2), where acids of this type are the products of the first decarboxylation step, they are
obtained in low yield. Judging by the yield of alkadienes (XXVII) and (XXX), acids (XXV) and (XXVI}, with
a C=C bond in the 4,5 and more distant position, are decarboxylated to the extent of ~10-20% under the
experimental conditions.

An analysis of the obtained results makes it possible to conclude that the copper salt substantially
changes the character of the transformations of the radicals that are generated from acids (1), (III), and
(V) under the influence of Pb(IV). It is known that Cu(II), when compared with other variable valence
metals, has a much greater capacity to oxidize alkyl radicals [15], and in this respect is far superior to
Pbh(IV) [16]. The direction of the reaction of LTA with dicarboxylic acidschangesinthe presence of
Cu(OAc),, while the transformations of the formed radicals that are observed here actually give informa-
tion regarding their reaction with Cu(ll). As a result, it was found that the mutual arrangement of the
functional group and radical center in radicals (II), (IV), and (VI) exerts a very interesting effect on their
competing oxidative 8-deprotonation under the influence of copper ions respectively to the isomeric un-
saturated acids (XXV) and (XXVI), esters (XVIII) and (XIX), and esters (XXII) and (XXIII). This effect is
primarily manifested in the fact that the reaction is directed predominantly toward the formation of (XXV),
(X1X), and (XXIII), i.e., unsaturated acids and their esters where the C=C bond is further away from the
carboxy of carbalkoxy group, as the result of the functional group of the radical inhibiting the competing
oxidative reaction, which leads to (XXVI), (XVIII), and (XXII). Thus, in the case of the (II-1) radicals the
2-alkenoic acid (XXVI-1) is formed only in an amount equal to ~25% of the isomeric 3~alkenoic acid
(XXV-1), if its amount, converted to alkenyl acetates (XXVIII) and (XXIX), is taken into account (see
Table 2, Expt. 1), However, this effect of the COOH groups decreases rapidly with increase in their dis-
tance from the radical center, and becomes barely noticeable even for the 4-carboxyalkyl radicals. For
example, the 4- and 3-alkenoic acids (XXV-2) and (XXVI-2) are formed from the 3-carboxyalkyl radicals
(II-2)inan~3:1 ratio, while the 5- and 4-alkenoic acids (XXV-3) and {(XXVI-3) are formed from the
4-carboxyalkyl radicals (II-3)inan~1.5:1 ratio (Expts. 4 and 5, see Table 2). The carbomethoxyl groups
exert a smaller effect than the carboxyl groups in analogous reactions. Thus, if the 2- and 3-alkenoic
acids (XXVI-1) and (XXV-1) are formed from the 2-carboxyalkyl radicals (II-1) in an ~1: 4 ratio, thenthe
oxidation of the 2-carbomethoxyalkyl radicals (III) under analogous conditions leads to a mixture of the
methy! esters of these acids in an ~1: 3 ratio. The same ratio of the esters of the A*3- and A%*-acids is
observed in the oxidation of the 2-carbomethoxycyclohexyl radicals (VI). A similar intramolecular effect
of a functional group on the oxidative f-deprotonation of functionally substituted alkyl radicals under the
influence of Cu(II) was observed previously for the acetoxyalkyl radicals [7]. The mechanism by which the
acetoxyl group, as well as the carboxyl and carbomethoxyl groups, exert an effect on the oxidative g-de-
protonation of radicals is apparently the same in all cases. Iis interpretation as applied to the oxidation
of acetoxyalkyl radicals is given in {7].
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EXPERIMENTAL METHOD

For the GLC analysis we used a chromatograph equipped with a flame-ionization defector and 2 m
x 4 mm stainless columns packed with 15% PEGS, 10% Tween-40, 15% FFAP, and 15% Silicone Oil DS-550
deposited on acid-washed Chromosorb W (0.16-0.20 mm). The carrier gas was nitrogen. The NMR spec-
tra were obtained on a Varian DA-60-IL instrument at 60 MHz, using ~30% CCl, solutions and HMDS as
the internal standard; the IR spectra were taken on a UR-10 spectrophotometer as a thin layer and in CCl,
solution; the mass spectra were taken on MX-13-03 and Varian MAT-111 instruments.

The characteristics of the employed LTA, Cu(OAc),-H,0, pyridine, and benzeune are given ia {7].

2~Ethylglutaric Acid (I-2b). This was obtained by the saponification of 4,4-dicarbethoxycaproic acid
and subsequent thermal decarboxylation, bp 190° (20 mm), mp 50-51° (from benzene). Found: C 52.20;
H 7.70%; neutralization equivalent (NE) 82, C;H;,0,. Calculated: C 52.50; H 7.50%; NE 80.

2-Ethyladipic Acid (I-3b). This was obtained by the homolytic alkylation of butyric acid with viayl-
acetic acid as described in [17]; yield 42%; bp 135-140° (0.5 mm); mp 47-48° (from benzene). Found:
NE 90.2. CgH;,0,. Calculated: NE 87,

2-Octylsuccinic (I-1d), 2-Methyltridecanoic (I-10a), and 2-Alkyladipic (I-3c-e) Acids. These were
obtained by the saponification of the methyl esters of the corresponding acids. The synthesis of the esters
of acids (I-1d), (I-3e), and (I~3d) is described in {17]. The ester of acid (I-10a} was prepared as described
in [17] from propionic acid and methyl undecenate in 55% yield, bp 160-165° (0.1 mm), while the ester of
acid (I-3c) was obtained by a similar procedure from dimethyl adipate and 1-hexene in 60% yield, bp 110~
116° (0.08 mm). The dicarboxylic acids were purified by recrystallization from benzene and petroleum
ether, and their purity was checked by the NE. The melting points of the synthesized acids were: (I-1d)
75-77°; (I-10a) 84°; (I-3c) 48-49°; (I-3d) 58-60°; (I-3e) 63-65°.

Monomethyl Ester of 2-Octylsucciuic Acid (III). This was obtained in quantitative yield by treating
2-octylsuccinic anhydride with methanol [18]. Acid (III) is an oil with n%)o 1.4462. Found: NE 252,
Cy3HpO4. Calculated: NE 242. Infrared spectrum (vo—g): 1712 and 1745 em™, 2-Octylsuccinic an-
hydride was obtained in the homolytic alkylation of succinic anhydride with 1-octene by the following
method. To a heated mixture of 50 g (0.5 mole) of succinic anhydride and 10 ml of chlorchenzene was
added a solution of 3 g (0.02 mole) of tert-butyl 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 chlorocbenzene was added to it at one time, the mixture
was cooled, the precipitate was filtered and washed with ether, and the ether extract and chlorobenzene
solution were evaporafed in vacuo. Recrystallization from petroleum ether gave 8.5 g (40%) of 2-octyl-~
succinic anhydride, mp 58-60°. Found: anhydride equivalent 211 {(determined as described in [19]).
CypHpy0;. Calculated: 212. Infrared spectrum (vo=g): 1782 and 1865 cm™t,

Monomethyl Ester of 1,2-Cyclohexanedicarboxylic Acid (V). This was obtained by the catalytic
hydrogenation over Raney nickel (50 atm, 6 h) of a methanol solution of the monomethyl ester of 4-cyclo-
hexene-1,2-dicarboxylic acid; yield 95%; mp 65-67° (benzene—petroleum ether). Found: NE 177.
CgHy404. Calculated: NE 186. Infrared spectrum (vc—g): 1710 and 1740 cm™. The monomethyl ester
of 4-cyclohexene-1,2-dicarboxylic acid was prepared as described in [18] by treating the anhydride of the
corresponding acid, the adduct of butadiene and maleic anhydride [20], with methanol; the yield of the
ester was 98%; mp 76-79° (petroleum ether).

General Method for the Oxidative Decarboxylation of Carboxylic Acids. This was described in {7].
On conclusion of adding the LTA the refluxing (~80°) of the reaction mixture was continued until the CO,
evolution ceased (1-13 h), after which the mixture was cooled, treated with an ~3-fold molar excess of
1:1 HC) solution, the precipitate was filtered, and the organic layer of the filtrate was diluted with ether,
washed with water, and dried over MgSO,. After distilling off the solvents the residue was analyzed em-
ploying GL.C, NMR, IR, and mass spectrometry, either directly or after fractional distillation in vacuo or
by preparative GLC. The chromatographic determination of the amount of compounds in the residue was
accomplished using internal standards, while the amounts in the fractions were determined using the
internal normalization method. The results of studying the reaction products by the indicated physical
methods are summarized ia Table 3. The ratio of the wasaturated acids (XXV) and (XXVI), esters (XVII)
and (XIX), (XXII) and (XXIII), and alkadienes (XXVII) and (XXX), was established both chromatographically
and from the integral intensities of the signals of the protons, characteristic for the corregponding com-
pounds (see Table 3).
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TABLE 3. Infrared, NMR, and Mass Spectra of Reaction Products
No.

° Product 'mf:::::::n NMRspectrum, §, ppm Mass spectrum, m /e (re-
;E.c'. 4 P ’ 1 |(integral intensity)* lative intensity)
® e max, cim-
1] 4 (V1D 1780 0,9t (3H), ~2,1—26 m —
(6H), 4,35 m (H)
211 | (Xb)+ (XIIb)! 1654, 1712,)4,35m(~0,27H), 53 m | * _—
4+ (X11Ib) 1742 (~0,7H)
311 (XVII) 1742, 3030 — 202(100), 91(67), 121(50),
44(50), . 57(48),118(42),
104(37), 69(30), 276(28,
MY, 105(27), 216(17),
B _|163(14)
411 (XXII) 4 1654, 1725,11,85s (2H), 5,7m (~0,5H) —
4 (XXIID) + | 1745, 3040
+ (XXIV)
2| 2 [(XVIID4(XIX)| 1660, 1742,10,9t (3H), 2,9m (1,5H) —
3035 3,6s (3H), 5,3m (1,5H),
58m (0,25H), 6,7m
(0,25H)
32 (XXII) + 1654, 1725,15,7m(1,5H), 6,9m (0,5H) —
(--XXI11) 1745, 3040
4| 2 (VID 4+ (VIIDH 1712, 1780 |0,9t (2H), 1,2—2,7m —
+{IX) ©{(~6H), 2,9m (~0,2H), :
4,3m(0,6H), 5,3m (0,7H),
95 (~0,4H)
512 (Xb) 1740 0,9t (3H), 2,1—2,6m |99(100), 42(64), 71(56),
(8H), 4,3 m (H) 55(50), 128(7, M%)
5{ 2| (XXV-3b) 4 |1640, 1712, 10,9t (1,2H), 1,6 m(1,8H), —
—+ (XXVI-3b) 3080 5,3m (2H), 10,55 (H)
6]2 . (Xo) 1740 09t (3H), 1,2—2,2m (99(100), 55(49), 42(44),
(16H), 4,35 m (H) 70(42), 4427), 40(29),
. M(21), 29(21), 114(8)
6] 2} (XXV-3¢)+ 1710 0,9t (3H), 1,25 m{14H), —
+ (XXVI-3¢) - 5,3 m (2H), 10,25s (H)
7{ 2 | (XXVII-3d) + 1645 0,9t (3H), 1,25m (11H), —
(XX X-3d) + %,eam (0,6H), 4,6—6,3m
5H)
9{ 2| (XXV-10a) + | 1645, 1712 1,25 m (15,2H), 1,57m —
+(XXVI-102) (1,2H), 1,92m (2H), 2,22t
(2H), 4,7—4,9om (1,2H),
5,25m (0,6H), 5,5—6m
(0,8H), 10,255 (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 mixture.

1The 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-3¢) +(XXV1-3c) and the spectra of alkadienes (XXVII-3e) and (XXX~
3e) resemble the spectrum of alkadienes (XXVII-3d) and (XXX-3d).

CONCLUSIONS

1. Thereactionof lead tetraacetate with dicarboxylic acids of general formula RCH,CH(COOH) (CHy)y~
COOH (R = Alk, n =1, 2, 3 or 10) in the presence of pyridine led to their selective oxidation decarboxyla-
tion and the generation of carboxyalkyl radicals RCHZCH(CHz)COOH. In a similar manner, the 1-(carbo-
methoxymethyl)nonyl and 2-carbomethoxycyclohexyl radicals were obtained from the monomethyl esters of
the 2-octylsuccinic and cyclohexane-1,2-dicarboxylic acids.

2. The main products when the radicals are oxidized with the Pb(IV) and Cu(II) carboxylates are
alkenoic acids and their esters, y- and 6~lactones (in the oxidation of the carboxylalkyl radicals with
n = 2 and 3), and esters of acetoxy-substituted monocarboxylic acids (when oxidation is with Pb(IV) carb-
oxylates). '

3. The carboxy and carbomethoxy groups in the 2- and 3-carboxy- and 2-carbomethoxyalkyl radi-
cals direct the oxidative g8-deprotonation of these radicals under the influence of copper ions predominantly
toward the formation of alkenoic acids or of their esters, where the double bond is further away from the
functional group.
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