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New procedures based on the oxidation by bromine-
catalysed hydrogen peroxide in a two-phase system provide
simple and cheap transformations of alkylamines to car-
bonyl derivatives (aldehydes, ketones, carboxylic acid,
imides, lactams) through the corresponding acetamides.

Classical rearrangement reactions, such as the Hofmann.2 and
Curtiust-3 rearrangements, allow the transformation of car-
boxylic acids to amines through the corresponding amides or
acyl azides [egn. (1)], while the Beckmann#5 rearrangement
involves the formation of amides from ketones through the
oximes [eqn. (2)].

R-COOH » R-CO-NH, (R-CONa) R-NH, (1)

R-CO-R R-C(=NOH)-R R-CONH-R @)

In this Communication we report a new simple oxidation
procedure, which allows the reverse transformation of alkyl-
amines to carboxylic acids, adehydes, ketones and imides
through the intermediates acetamides [eqn. (3)].

R'COOH, R'CONHCOGH;
(R" = alkyl, R? = H)

R'COR? (R"and R? = alkyl, aryl)

3
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R'CHO (R'=aryl, R? = H)

Recently we have reported®? simple and highly selective
methods for the oxidation of primary alcohols to either
aldehydes or esters, depending on the benzylic or aiphatic
nature of the acohol, by bromine-catalysed H,O- [egns. (4) and
G-

Ar-CH,OH +  Hy0, ArCHO + 2H,0 4

2 R-CH,OH + 2 H,0, RCOOCH,R + 4H,0  (5)

The selectivity of thesereactionsis determined by therelative
rates of hydrogen abstraction by bromine atom from the alcohol
(kg) and from the corresponding aldehyde (ks). For benzylic
alcohols k4 > ks and the reaction gives high selectivity in
aldehyde with complete conversion, whereas for non-benzylic
alcohols k; << ks and the oxidation gives high selectivity in
esters even at very low conversion, without formation of a
significant amount of aldehydes.

Aliphatic amines, in principle, should be more reactive, both
for enthal pic and polar reasons, than the corresponding al cohols
towards hydrogen abstraction by Br-. The acidic medium,
however, deactivates the amines by protonation, which reverses
the polar effect and increases the strength of the C—H bondsin
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the «-position. To avoid this limitation we have investigated the
bromine-catalysed H,O, oxidation of the corresponding acet-
amides.

With primary akyl groups, the carboxylic acid was easily
obtained, but when the primary alkyl group was benzylic the
corresponding adehyde was formed instead, with good
selectivity at complete conversion. A freeradical chain is
involved according to Scheme 1.

k -
R-CHzNHCO-CH; + Br+ — = R-CH-NHCHO-CH;
—HBr

Bry H,O
T» R-CHBr-NHCO-CH3 W» R-CHOH-NHCOCHj;
_Br- _HBr

Bre &, . Br.
— + CHsCONH, +R-CHO — R-GHO ——== R-COOH
—HBr H,0

R-GOH-NHCO-CH; —27 » R-CO-NHCO-CHs

H,O

—HBr

Scheme 1

Alsointhis case, asfor alcohol oxidation, the selectivity was
determined by the relative rates of hydrogen abstraction by Br-
from the amide (k) or fromthe aldehyde (K'5). Sincek, > K, for
R = aryl, whilek, << k'afor R = akyl, an opposite behaviour
is observed in the two cases. Polar and enthalpic effects, due to
the different electronic configurations of the alkyl (rt-type) and
acyl (o-type) radicals,® determine this different reactivity, as
previously®7 discussed for the oxidation of alcohols.

With secondary alkyl groups the corresponding ketones were
obtained, but under the reaction conditionsapartia bromination
of the ketones occurs; conversion and selectivity are low with
cyclohexyl derivatives, dueto the particular ease of bromination
of cyclohexanone, compared to acyclic ketones.®

By-products of the oxidation according to Scheme 1 are the
imides, formed by further oxidation of «-hydroxyamides before
cleavage. In any case, imides can be easily hydrolysed, so that
high overall yields of carboxylic acids can be obtained by
refluxing the acidic reaction mixture; under the reaction
conditions (room temperature) the imides are not substantially
hydrolysed, supporting the mechanism of Scheme 1 for the
formation of carboxylic acids.

With cyclic amines, such as 1 and 2, the higher stability of o-

hydroxyamides |eads to the corresponding imides 3 and 4 with
H202
Lo o Lo
N N
1 3 5

high yields and to the corresponding lactams 5 and 6 by
A e ©
Ph Ph

hydrolysis [egns. (6) and (7)].
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H
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Table 1 Oxidation of RIRZNCOMe (1 mmol) by H,O, and Br, in a two-phase system (H,O-DCE?)

H,0,/ Solvent ml
# R R2 Brz/mmol mmol H,O-DCE Conv. %  Reaction products (%)
15 n-CeHo H 0.4 18 U4 >99 Fggg’ggf acid (69)
2 n-CeHus H 0.4 18 V4 97 Fn?{gg)gu)c aid (72)
3>  Me,CH-CH, H 0.4 18 4 95 firglrgte)gg)c acid (63)
4 1-CisHs H 04 18 4 %8 Fn?fgg’g's',)c aid (72)
5  n-CiHo n-CaHo 08 36 V4 98 Icrﬁirgg)ggf acid (66)
& n-CoHs n-CeHus 0.8 36 4 92 fﬂgg’ggf acid (61)
7 nCiHo H 22 — 48 >99 anfgg’zig; adid (48)
8 n-CeHi H 22 — 48 >99 Icrg{g‘e”zig)c acid (47)
Carboxylic acid (44
9 n-CioHas H 22 - 4/8 % Imide (13) “
HBr H,0. Carboxylic acid (46
10% n-CaHs H 44 25 48 %3 imide (44) ‘o
11¢ MeCH-n-CsHyy H 13 - 4/8 9% 5—%??Ifegl(‘l))e (12)
Ketone (69)
12¢ (n-Bu),CH H 13 — 48 93 a-Br-ketone (13)
13 Ph-CH-Me H 13 — 48 >99 zfeéffegﬁé 13)
Cyclohexanone (49)
14¢  Cyclohexyl H 13 — 4/8 26 o-Br-cyclohexanone (51)
Cyclohexanone (46)
15¢  Cyclohexyl H 22 — 4/8 35 «-Br-cyclohexanone (53)
16b (n-Bu),CH H 0.3 4 41 ieé?”féi?e (41)
HBr Ketone (71
17¢  (n-Bu).CH H 26 13 4/8 89 a—Br-kegon)e(lZ)
18 1 1 22 — 48 98 3(96)
19 2 2 22 — 48 100 4(95)
200 2 2 12 08 11 100 4(98)
21c PhCH, H 0.5 — 212 49 m?jl;%g)e (95)
22¢ pMeCeHsCH,  H 10 — 4/4 83 ﬁ#?ﬁ'e“y&%(gl)
23 pMeCeHsCH, H 03 12 16 % mg’;‘a;? (73)
249 pMeCeHsCH, H ;'E’r 12 44 85 m?gej%g;e (82
25 pCl-CéHsCH»  H 04 0.8 0.6/3 100 m‘i’ggﬁf (89)

aDCE = 1,2-dichloroethane. ® Procedure: the aqueous solution of H,O, was added dropwise to the mixture of the other reagents and solvents reported in
the Table, at rt and under effective stirring for 3 h. ¢ Procedure: the mixture of the reagents and solvents reported in the Table 1 was effectively stirred for
3hatrt. dProcedure: asin ¢ but 2 mol of HBr and 1 mol H,0, were used instead of 1 mol Br,. All the reaction products were known and characterised by
comparison with authentic samples (GLC-MS and NMR); quantitative yields were determined by GLC using as internal standards n-C;H,5sCOOH for
carboxylic acids, p-MeO-CgH,-CHO for aromatic aldehydes, n-Pr-CO-Pr-n for ketones and n-CgH;3CONHCOMe for imides.

Br.
N : N
O)\CH3 O)\CH3
2 4 6

The reactions, carried out in a two-phase system (H,O—
CICH,CH.CI), are initiated by ambient light and the active
oxidant is Br,, which acts in the organic phase; the formed HBr
is extracted by the aqueous phase and oxidised to Br, by H,O,
making the process catalytic in Br,. Two procedures were
utilised as reported in Table 1. In both cases the overall process
is catalytic in Br,, but a higher concentration of Br, makes the
overall processfaster; an aqueous sol ution of HBr and H,O, can
be utilised instead of Br, in a two-phase system. Procedure a)
gives better resultsfor the synthesis of carboxylic acids because
a higher concentration of Br, accelerates the oxidation of a
hydroxyamides to imides, while procedure b) is more suitable
for the synthesis of ketones, which consumes the catalytic

Qfl = m
o} N e}
H
()
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amount of Br, by electrophilic bromination and inhibits the
free-radical oxidation.
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