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Product data on the reactions of manganic acetate in glacial acetic acid with 
benzene (lOO”C), chlorobenzene, or toluene (110°C) indicate that HOOC-C&v 
radicals are the primary intermediates. Presumably, these are formed from manganic 
acetate and acetic acid in a concerted step. In the absence of benzene derivatives, 
they react with manganic acetate to form acetoxyacetic acid or dimerize to succinic 
acid; acetoxyacetic acid is further degraded to methylene diacetate. 

Benzene, chlorobenzene, or toluene add on HOOCCH,.radicals, forming 
phenylacetic acid(s); these in turn are further degraded to benzyl acetate(s), 
benzal diacetatets) and benzaldehyde(s) which are the main products, accounting 
for more than 60% of the oxidizing agent. In the presence of potassium bromide, 
toluene reacts at a much higher rate; products then are mainly benzyl acetate and 
benzyl bromide. Rates of reduction of MnlII acetate in the presence of manganous 
acetate are not affected by large proportions of benzene or chlorobenzene; toluene 
has a slight accelerating effect. 

Products and mechanisms are compared with those obtaining in oxidations by 
manganic acetate in which electron transfer is the primary step. 

INTRODUCTION tions of manganic acetate with benzene, 

Parts I and II of this series (1, 9) dealt chlorobenzene, and toluene in glacial acetic 

with enolization as the rate-determining acid solution. They appear to belong to a 

step in the manganese-catalyzed autoxida- group characterized by product formation 

tion of acetophenones in glacial acetic acid through subsequent reactions of HOOC- 

solution. Evidence was presented demon- CH,.radicals formed in the primary therm- 

strating that the enols are rapidly oxidized olysis of the oxidizing agentin contrast to 

by manganic acetate to produce the chain- the former group where direct interactions 

carrying phenacyl radical. In earlier work are predominant. 

manganic acetate in glacial acetic acid was Exploratory work by one of us on the 

found to be an effective oxidizing agent for oxidation of toluene (4) yielded as the 

many organic substrates, viz., dihydroan- main products, accounting for more than 

thracene, anthracene, triphenylmethane 65% of the manganic acetate decomposed, 

2,6-di-tert-butyl-p-cresol, and anthrone (3; o-, m-, and p-methylbenzyl acetate besides 

as well as a-hydroxy acids (4), thioani- a small proportion of the plausible benzyl 

soles, and dimethylanilines (5). acetate, benzaldehyde, and bibenzyl. The 

In the present paper, we discuss the reac- origin of the methyl group in the methyl- 
benzyl acetates was not accounted for. 

*To whom inquiries should be sent. After the present investigation had been 
52 
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completed, Dewar and several co-workers 
reported on the oxidations of anisoles, benz- 
anthracene, and other more or less “basic” 
substrates by means of manganic acetate 
dihydrate in glacial acetic acid (6). Their 
interpretations were based on direct inter- 
action between the organic substrate and 
manganic acetate, leading to electron trans- 
fer [see ref. (S)]. 

Recently, we obtained evidence that an- 
hydrous manganic acetate in glacial acetic 
acid is a trimeric rather than a monomeric 
species; for simplicity, however, reactions 
of manganic acetate will be represented 
here as proceeding through Mn(OAc) 3. An 
analytical study of manganic acetate, in- 
cluding the important spectroscopical 
changes occurring upon the addition of 
manganous acet,ate will be published 
shortly (7). 

METHODS 

1. Starting materials. Benzene, chloro- 
benzene, toluene, and glacial acetic acid 
were analytical grade commercial samples 
checked by means of gas-liquid chroma- 
tography. Manganic acetate (4, 8) was pre- 
pared by oxidation of anhydrous manga- 
nous acetate in glacial acetic acid contain- 
ing 7% of acetic anhydride by shaking with 
finely ground potassium permanganate at 
room temperature for 15 min, followed by 
15 min at 40°C. The solution was evapo- 
rated to 40% of its original volume; after 
3 days the crystals were collected, washed 
with glacial acetic acid and diethyl ether, 
and finally dried over solid potassium 
hydroxide in an evacuated desiccator. 
Found: 74.5% acetate (7), 23.0% Mn”’ 
(iodometrically) . Calculated for Mn (OAc) 3 
:76.30/o acetate, 23.7% Mn”I. 

Manganic propionate (9) was synthe- 
sized by dissolving manganous carbonate 
in an excess of propionic acid at reflux 
temperature; the solution was then oxidized 
at room temperature with the equivalent 
amount of finely ground potassium per- 
manganate after addition of 5% of propi- 
onic anhydride. It was concentrated to 
about one-third of its original volume; 
after the addition of petroleum ether (b.p. 
1200), manganic propionate precipitates 

and is collected after a few days’ standing. 
The product is washed with dry diethyl 
ether and dried over phosphorus pentoxide 
in a desiccator. On the basis of iodometric 
titration, it contained 93% MnIrl propi- 
onate. 

2. Standard samples used in product 
identifications. Benzyl acetate, tolualde- 
hydes, chlorotoluenes, and chlorobenzalde- 
hydes were pure commercial samples 
(Fluka), checked by means of gas-liquid 
chromatography. 

The benzaldehydes were converted to the 
corresponding diacetates, acids, and car- 
binols by standard methods; benzyl ace- 
tates were obtained by acetylation of the 
carbinols or via the corresponding bro- 
mides. Further data are recorded in Table 
1. 

3. Analytical methods. Manganic acetate 
was determined iodometrically; for low 
concentrations, the absorption band at 462 
rnp was used. In gas-liquid chromatog- 
raphy, Carbowax, Apiezon, asphalt (with 
temperature programming), fluorinated sili- 
con oil, or Porapak Q columns were used. 
Separation of meta and para isomers was 
often incomplete; the ortho/(meta + para) 
ratios checked well with the infrared data. 
NMR data also led to o/m + p ratios of 
isomers. All analyses were based on stand- 
ard samples of the pure compounds. Carbon 
dioxide and methane were collected by 
means of a gas burette and determined 
mass spectrometrically. 

4. Kinetic runs. Typical intakes were 
0.15 mmoles of manganic and of manga- 
nous acetate, 20 mmoles of the benzene 
derivative (if any) and 870 mmoles (50 
ml) of glacial acetic acid. Flasks were 
completely immersed in thermostated oil 
baths and trivalent manganese determined 
at various intervals. 

5. Preparative runs. These were run on a 
larger scale, and with a higher proportion 
of the benzene derivative ; no manganous 
acetate was added. As in the kinetic runs, 
oxygen was excluded. 

A typical run had the following intake: 
Glacial acetic acid, 2500 ml (about 42 
moles) ; manganic acetate, 92.8 g (400 
m.at. of linTT1) and 433 g of toluene (4.7 
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moles). After 24 hr at 110’ trivalent man- These data indicate that little decompo- 
ganese had completely disappeared. sition takes place by the direct loss of an 

Neutral products were isolated by pour- acetoxy fragment [Eq. (l)] : 
ing the reaction mixture into an excess of 
water; the mixture was extracted severa’ 
times with diethyl ether. The ethereal solu 
tion was extracted with sodium bicarbonate 
solution and dried over anhydrous MgSO+ 
Ether was then carefully removed on a 
lo-plate column, the residue being uncon- 
verted toluene and neutral reaction prod- 
ucts. This residue was separated by frac- 
tional distillation into a series of cuts, 
which were separately analyzed by GLC, 
infrared, and NMR. 

Mn(OAc)a + Mn(OAcla + [CKCOYI (1) 

This would require the formation of lOOPr, 
carbon dioxide as well as large proportions 
of methane, derived from solvent attack by 
methyl radicals resulting from the highly 
unstable acetoxy fragment. It is preferred, 
therefore, to ascribe product formation to 
the generation of HOOC-CH,*radicals. 
These species might arise from a concerted 
decomposition of the oxidizing agent and a 
molecule of the acetic acid solvent, with- 
out the formation of a kinetically free 
acetoxy radical, e.g., 

Acidic aromatic products were obtained 
via the above bicarbonate extract as well 

< 

0 -AC 

AC-0 -Mn 

0 ---AL 

H 0 --f 

CH2-C 

\ 
OH 

Ac-Y + Mn (OAc)? + 

(2) 

l CH,--C 

\ 
bH 

The following set of subseauent reactions 
starting from HOOC-CH,*radicals is pro- 
posed : 

as via separate runs worked up by distilla- 
tion of excess toluene (benzene or chloro- 
benzene) and acetic acid. The residue was 
then poured into water and the mixture 
extracted with diethyl ether; the aqueous 
layer was evaporated to dryness and then 
treated with concentrated HCl solution. 
The acids liberated were extracted with 
benzene. Benzene and ether extracts were 
combined and the acids isolated via extrac- 
tion with alkali. 

RESULTS AND DISCUSSION 

A. Decomposition of Manganic Acetate 
in Glacial Acetic Acid 

The main products based on conversion 
of manganic to manganous acetate (% 
molar) were carbon dioxide (14.6%), ace- 
toxyacetic acid (20%)) succinic acid 
(12%)) and methylene diacetate; methane 
(2%) and methyl acetate were detected in 
low proportions. The chromotropic acid 
test for formaldehyde was positive, which 
may have been partly due to methylene 
diacetate. 

HOOC--CH,s + Mn(OAc)t + 

HOOC-CHt-OAc + Mn(OAc)s (3) 

BHOOC-CHY + HOOC-CHz-CHzCOOH (4} 

HOOC-CHZ-OAc + Mn(OAc)a + 

AcO-CH~-COO-Mn(OAc)z + HOAc (5) 

AcO-CH~-COO-Mn(OAc)z -+ 

AcO--CHz. + COP + Mn(OAc)z (6) 

AcO--GH*. + Mn(OAc)t -+ 

AcO-CHT-OAc + Mn(OAc)r (7) 

Reactions (3) and (7) may be visualized 
as an induced decomposition of manganic 
acetate, resembling that of diacyl perox- 
ides, viz., addition of a radical to the 
carbonyl oxygen atom, forming an ester 
plus manganous acetate in a single step. 
(Oxidation of the radical to form a car- 
bonium ion, e.g., HOOC-CH,+, would seem 
to be less plausible because of the high 
energy of ionization required in such a 
process.) 
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Ligand exchange (5) constitutes a very 
plausible reaction. In fact, when dissolving 
manganic acetate in propionic acid forma- 
tion of acetic acid was observed to occur 
readily at room temperature as shown by 
GLC. 

Decarboxylation (6) may be a multiple 
fission process, metal-oxygen and carbon- 
carbon bond rupture occurring simultane- 
ously. Such a reaction should be facilitated 
by resonance stabilization of the carbon 
radical formed, i.e., it should be easier for 
the group -00~CH,-OAc than for -OOC- 
CH,. It may be noted that the AGO-CH,+ 
radical resembIes the intermediates formed 
from vinyl acetate in radical polymeriza- 
tion. 

An alternative pathway for decarboxyla- 
tion would be that the radical AcO-CH- 
COOH is formed (analogous to the forma- 
tion of the radical HOOC-CH, . ) ; a type 
(5) reaction would then lead to diacetoxy- 
acetic acid which could decarboxylate to 
methylene diacetate (10). 

The above scheme appeared to be con- 
sistent with product formation observed 
when benzene, chlorobenzene, or toluene 
were present (Section B) as well as with 
kinetic data. 

Rates of Reduction 

The MnlI1 reduction rate showed a first 
order behavior up to 60-70s conversion 
only when a molar proportion of manganous 
acetate had been added. Otherwise, devia- 
tions were observed, initial rates (up to 
25% conversion) then being appreciably 
higher. Starting from concentrations of tri- 
and bivalent manganese acetate of about 
0.3% molar, first order rate constants were 
found to be 0.028 hr-l at 90°C and 0.19 
hr-1 at 108°C. From these two data, the 
Arrhenius energy of activation is computed 
to be about 28 kcal/mole. The deviation at 
high conversions may be attributable to 
contributions of steps (5) - (7) . 

The important effect of manganous 
acetate on the reduction rate is believed to 
be due to the formation of a new complex, 
containing both trivalent and divalent 
manganese, from the original trimer. 

Exploratory work (9) on the thermoIysis 

of manganic propionate has led to some- 
what higher rates of reduction in propionic 
acid as the solvent, viz., 0.19 hr-I at, 90”. 
Similar results were obtained when starting 
from the acetate in the same solvent. In 
contrast to manganic acetate, the propi- 
onate appeared to be soluble in benzene or 
chlorobenzene; in these solvents, the rate 
of disappearance of MnlI1 was, however, 
more than ten times lower than in propionic 
acid. The phenomenon is taken as evidence 
for a direct interaction between the man- 
ganic compound and the carboxylic acid 
solvent; the increase of rate when going 
from acetate to propionic acid is probably 
attributable to the lower &!-H bond 
strength in the latter. Decomposition of 
khe propionate in benzene and in chloro- 
benzene led to appreciable proportions 
(>5%) of ethylbenzene and of ethyl- 
chlorobenzenes, respectively; this suggests 
that, in the absence of propionic acid, ethyl 
radicals are formed, presumably by a type 
(1) reaction. (Cf. the data on methylated 
products (ArCH,) in Table 2.) 

B. Decomposition of Manganic Acetate in 
Glacial Acetic Acid Con.taining Benzene, 

Chlorobenzene, and Toluene 

Results of preparative runs are given in 
Tables 2 and 3. 

Percentages of carbon dioxide were 
somewhat higher in the benzene runs 
(22%) than with chlorobenzene (17%) ; 
in the absence of the benzene derivatives 
it amounted to 15%. This trend suggests 
that CO, arises from decarboxylation of 
ArCH$OOH (see Table 2)) which are 
intermediates in the formation of the 
benzyl acetates; further oxidation of the 
latter could then lead to benzaldiacetates 
and benzaldehydes. Nuclear substituents 
are derived from the acetic acid. Isomer 
distributions are characterized by ap- 
preciable proportions of meta isomers. The 
data further indicate that the trace amounts 
of ArCH, found cannot have been pre- 
cursors of the benzyl acetates, etc. They 
must have arisen from a pathway different 
from that responsible for the formation of 
the other products, presumablv nuclear 
methylation foIlowing a very smaJ1 contri- 
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TAFsLE 2 
AROMATIC PRODUCTS FROM Mn Ix* ACETATE IN GLACIAL ACETIC ACID AND BENZENES 

Aromatic compound 
(ArH) ArCHa* 

Products~ 

ArCHx COOH ArCHsOAc ArCH (OAc)* 
70 MnIII 

ArCHO accounted for 

Benzene + 8 51 9 18 86 
Chlorobenzene + 13 21 1T 11 62 
Toluene - 67 - 7 87” 

a Runs with benzene at lOlo, otherwise at 110”. Figures refer to the percentage of Mntn required for 
formation of the various compounds. 

* Toluene as well as the rhlorotoluenes were positively identified, amounts being of the order of 0.5%; 
xylenes could not be detected ( <O.l%). 

c Toluene gave also benzyl acetate (lO$$), b enzaldehyde (3%) and a trace of bibenayl; no attempts were 
made to detect ArCHzCOOH or ArCH(OAc)2. 

bution of type (1) decomposition of 
manganic acetate. 

A preparative run with phenylacetic 
acid as the substrate led to benzyl acetate, 
benzal diacetate, and benzaldehyde, i.e., 
the same products as when starting from 
benzene. Rates of reduction of MnI” were 
appreciably higher, however, viz. le = 0.58 
hr-l at 80”. Carbon dioxide formation 
amounted to 43% based on MrP con- 
sumed. Earlier, it had been found that a 
very large excess of phenylacetic acid 
reacts with manganic acetate to form the 
benzyl ester of phenylacetic acid (4). 
These data support the formation of the 
esters via decarboxylation of the free acids. 
Formation of phenylacetic acid was demon- 
strated by Ikeda to occur in good yields 
when treating benzene derivatives such as 
chlorobenzene or anisol with diacetylper- 
oxide in glacial acetic acid (11). In this 
case, the reactions must have proceeded 
through the HOOC-CH,* radical. 

Accordingly, the present results can be 

rationalized in terms of the following re- 
actions, starting from HOOC-CH,. gen- 
erated by a type (2) process: 

Two steps 
BHOOC-CHt. + ArII - 

Ai-CHzCOOH + HOAc (8) 
Two steps 

ArCHKOOH + 2Mn(OAc)3 - 
ArCHz-OAc + 2Mn(OAc)z + CO2 + HOAc (9) 

In this scheme (8) consists in the well- 
established nuclear substitution sequence, 
the fact that all three isomers were formed 
from chlorobenzene or toluene being con- 
sistent with a radical rather than an 
electrophilic attack. Sequence (9) is 
analogous to that postulated for acetoxy- 
acetic acid, a benzyl radical being formed 
simultaneously with carbon dioxide. The 
alternative route for decarboxylation 
mentioned for the formation of methylene 
diacetate seems improbable here, o-acetyl 
mandelic acid being quite stable in reflux- 
ing acetic acid. 

TABLE 3 
ISOWER RATIOS’ OF NUCLEAR SUBSTITUTION PRODUCTS FORMED FROM TOLUENE 

AND CHLOROBENZENE WITH MANGANIC ACETATE (110”) 

From chlorobenzene 0 m P From toluene 0 m P 

Chlorobenzyl acetates 46 + + Methylbenzyl acetates 58 23 19 
Chlorobenzaldehydes 39 + + Tolualdehydes 39 + + 
Chlorophenylacetic acids =40 + + 
Chlorobenzal diacetates =30 + + 

0 Percentages; + refers to positive identification, but incomplete separation (GLC, NMR) of meta and 
para isomers, formed in comparable amounts. 
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Rates of Disappearance of Manganic 
Acetate 

In the presence of benzene or chloro- 
benzene the manganic acetate disappear- 
ance rate showed a first order behavior and 
approximately the same rate constants 
(1OVC) as in the absence of these com- 
pounds, viz. 0.20 and 0.21 hr-I, respectively. 
With toluene, the rate of reduction of 
manganic acetate was nearly doubled, viz. 
0.40 hr-I. The addition of an equimolar 
proportion of potassium bromide (relative 
to MrF) led to appreciable rate enhance- 
ment (k = 0.12 hr-l at 39.5”). Preparative 
runs with this system gave benzyl acetate, 
benzyl bromide, benzaldiacetate, and 
benzaldehyde as the main products; 
methylbenzyl acetate could not be detected 
(4) ! Apparently, a different reaction ob- 
tains, bromine atoms being formed which 
then attack the side chain. The use of 
(inorganic) bromides as co-catalyst in 
autoxidations of alkylbenzenes is mentioned 
in severa recent patents (12) ; their effec- 
tiveness is probably attributable to the 
high reactivity of bromine atoms with 
regard to side-chain attack. 

C. Some Mechanistic Considerations 

The fact that even large proportions of 
benzene or chlorobenzene do not affect the 
rate of MnI” reduction suggests that 
direct interactions between the aromatic 
ring and the oxidizing agent do not contrib- 
ute to the reduction process. Product 
formations can be satisfactorily explained 
in terms of HOOC-CH,. radicals as the 
primary intermediates. The acceleration 
observed with toluene might be due to a 
contribution from electron transfer; how- 
ever, in the preparative runs, a 12 times 
lower proportion of toluene-relative to 
Mn”I-was used and, accordingly, electron 
transfer, eventually leading to benzyl 
acetate could have been only a minor 
product-forming step. Moreover, part of the 
latter compound may have been formed 
by side chain attack, HOOC-CH,. form- 
ing acetic acid and a benzyl radical. The 
relatively rapid oxidations of dihydro- 
anthracene and of triohenylmethane re- 
ported earlier (3) probably proceed by 

mechanisms similar to that proposed by 
Dewar et al. (6) for p-methylanisole and 
related compounds, i.e., by electron transfer 
as the primary step, followed by loss of a 
proton to form the benzyl-type radical; the 
latter may then react by a type (5) re- 
action to give the acetate. 

The presence of two molecules of water 
of crystallization per atom of manganese 
may cause a certain stabilization of Mn”’ 
acetate. Thus, the half-life reported by 
Dewar et al. for manganic acetate in the 
presence of a half-molar proportion of 
anisole (950 min at 100°C) is even greater 
than that observed by us for Mnm in 
glacial acetic acid alone. The American 
authors did not determine the half-life of 
their manganic acetate as such, beyond 
stating that decomposition was slow. In 
our hands, the rate of reduction of an- 
hydrous manganic acetate (Jc,,,~ = 0.03 
hr-I) was not affected by a molar pro- 
portion of anisole; an eightfold acceleration 
(,FSO = 0.23 hr-l) was observed when using 
as much as 130 moles per atom of man- 
ganese. 

In this connection, it is of interest to note 
that Dewar et al. detected p- and o- 
methoxybenzyl acetate-via crystalline 
derivatives of the corresponding benzyl- 
alcohols-after the reaction with anisole; 
meta isomers were not excluded, however. 
Product formation was attributed to 
electrophilic formylation by formaldehvde; 
if little effect of anisol on rates of Mnnr 
reduction also takes place with manganic 
acetate dihydrate, our present data would 
suggest that the three isomeric methoxy- 
benzyl acetates are formed, electrophilic 
formylation merely leading to para- and 
ortho-isomers. 
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