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Abstract—NalO, oxidizes lithium bromide efficiently under acidic conditions to functionalize alkylbenzenes and alkanes and pro-
duce the corresponding bromo and acetoxy derivatives in excellent yields. The protocol also demonstrates the direct conversion of

cyclohexane into trans-1,2-dibromocyclohexane in moderate yield.

© 2005 Elsevier Ltd. All rights reserved.

The selective and efficient activation of unreactive C-H
bonds in aliphatic hydrocarbons is particularly difficult
and constitutes one of the major challenges in organic
chemistry.! In recent years, several catalytic methods
have been developed for the oxidation of aliphatic
hydrocarbons using enzymes, transition metal com-
plexes, processes involving halogenations, etc.? In
particular, oxidation at the benzylic position of alkyl-
benzenes assumes importance due to their oxygenated
derivatives such as peroxides, alcohols and carbonyl
compounds being useful as speciality chemicals in indus-
try.? Generally, C-H activation at benzylic positions is
achieved using peroxides as oxidants and a variety of
transition metal salts as catalysts.* However, several
drawbacks are associated with these processes including:
(1) the toxicity of some transition metals, (ii) stoichiom-
etric reaction conditions and (iii) non-generality. Re-
cently, we reported that sodium periodate (NalOy)
oxidizes alkali metal halides efficiently in aqueous med-
ium for halogenation of alkenes and aromatics and pro-
duces the corresponding halo derivatives with excellent
regio and stereoselectivity.® In this letter, we wish to re-
port that NalO, oxidatively functionalizes the C-H
bonds of alkylarenes and alkanes in combination with
lithium bromide as the halogen source under acidic con-
ditions (Scheme 1). When toluene was heated with lith-
ium bromide (1.1 m equiv) and conc. H,SO4 (2 M equiv)
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Scheme 1. Reagents and conditions: (i) alkylarene (5 mmol), NalO,
(25 mol%), LiBr (5.5 mmol), MeOH, H,SO, or glacial AcOH, 65—
110 °C, 24 h.

in the presence of catalytic NalO,4 (25 mol%) in MeOH
at 65°C, the corresponding benzylic bromide 1 and
methyl ether 2 were obtained as a mixture in good over-
all yield (Table 1).

Surprisingly, no reaction took place when other halide
sources such as NaBr, Nal, LiCIl and KI were employed.
In the absence of NalQOy, no reaction took place; lower-
ing the molar ratio of NalO, also resulted in reduced
yield. It was found that the use of 25 mol% NalOy4
and the correct choice of solvent under acidic conditions
(H,SO4 or AcOH) were critical in achieving high levels
of conversion of the alkylarenes with high product selec-
tivity. While in the case of isobutylbenzene the corre-
sponding methyl ether was obtained as the sole
product (42%), only the benzylic bromo compound
(31%) was obtained when acetonitrile was used as
solvent.

Table 2 shows® examples of the NalO4-mediated oxida-
tive bromination/acetoxylation of several alkylbenzenes
and arenes with LiBr in glacial acetic acid as solvent.
Interestingly, high yields (60-87%) and selective
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Table 1. NalO,-mediated oxidative bromination and methoxylation of alkylarenes with metal halides®

X
NalO,
Ar” R+ LiBr Ar )\R
MeOH, H*
65 °C 1X=Br
2 X =0Me
Entry Substrate Metal Solvent Temp (°C) Yield® (%)
halide 1 2
1 Toluene LiBr MeOH 65 47 36
LiBr CH;CN 80 31 —
NaBr MeOH 65 NR —
2 Ethylbenzene LiBr MeOH 65 36 43
3 p-Xylene LiBr MeOH 65 45 30
4 Isobutylbenzene LiBr MeOH 65 — 42

# Conditions: substrate (10 mmol), NalO4 (25 mol %), metal bromide (11 mmol), concd H,SOy4 (0.5 mL, 20 mmol), solvent (15 mL), 24 h.

®Isolated yield after chromatographic purification.

Table 2. NalO,-mediated oxidative bromination and acetoxylation of alkylarenes with LiBr®

Entry Substrate Temp® (°C) Product® Yield® (%)
1 Toluene 110 ©/\OA° 87 (31° 83, 379)
OAc
2 Ethylbenzene 90 ©/‘\ 85
3 p-Xylene 100 /©/\OA° 75
OAc
4 Isobutylbenzene 110 ©)\< 80
OAc
5 4-Bromotoluene 110 /©/\ 60
Br
Br
6 4-Nitrotoluene 110 80
O,N
OAc
7 4-Chlorotoluene 110 /©/\ 80
Cl
OAc
8 Methyl 4-methyl benzoate 110 66
MeO,C
OAc
9 4-tert-Butyltoluene 110 p/\ 60

# Conditions: substrate (10 mmol), NalO4 (25 mol%), LiBr (11 mmol), glacial acetic acid (15 mL), 24 h.

°0il bath temperature.

© All products were characterized by 'H and *C NMR, GC-MS and IR.

dIsolated yields after column chromatographic purification.
°Yield corresponds to when 20 mol% of LiBr was used.

TYield corresponds to the use of Br, (2 equiv) as the halogen source. However, in the absence of NalQ,, only benzyl bromide (60%) was formed.

€Yield corresponds to the use of NaBr (1.1 equiv) as halide source.

acetoxylation at the benzylic position were observed
with all the alkylarenes studied except for 4-nitrotolu-
ene (Table 2, entry 6), where the corresponding benzyl
bromide was obtained as the sole product. We ob-
served that both LiBr and NalO, were required in
the oxidation of the alkylarenes at the benzylic
position. Also when the quantity of NalO, was
reduced to 5 mol%, the yield of benzyl acetate was

reduced considerably (9%). Furthermore, p-toluic acid
failed to undergo oxidative bromination at the benzylic
position.

Table 3 shows the results of NalO4-mediated oxidative
bromination of alkanes with LiBr as the bromide
source. Surprisingly, cyclohexane underwent oxidative
bromination to produce trans-1,2-dibromocyclohexane
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Table 3. NalO,4-mediated oxidative halogenation of alkanes using LiBr®

Entry Substrates Halides (equiv) Temp (°C) Product Yield® (%)
B
1 Cyclohexane LiBr (1.1) 80 O’ ' 28
“Br
Br
LiBr (2.1) 80 O, 40
“Br
LiBr (2.1) 25 No reaction —
Cl
Cyclohexane® Cl, excess 30 @ 60
Br
Br, (2.1) 80 © 134
Br
2 Cyclopentane LiBr (2.1) 60 /L 37
3 Octane LiBr (2.1) 100 Bromooctane® 41
4 Heptane LiBr (2.1) 90 Bromoheptane® 30

# Conditions: substrate (10 mmol), LiBr (11 or 22 mmol), NalO, (25 mol %), glacial AcOH (15 mL), 80 °C, 24 h.

®Isolated yield.

¢NalOy4 (25 mol%) and excess chlorine gas was bubbled through the reaction mixture at 80 °C for 5 h.

9Yield of cyclohexyl bromide when no NalO, was used.
¢ Isomeric mixtures of bromoalkanes.

8 Br-
I0,-+8H* + 8¢
4 Ar-CH; +4 Br,

4 Ar-CH,Br +4 AcOH ——

4Br,+8¢

I- +4H,0

4 Ar-CH,Br +4 HBr
4 Ar-CH,OAc + 4 HBr

4 Ar-CH; +10, +8Br-+8H*+ 4 AcOH —— 4 Ar-CH,0Ac+1I +8 HBr+4H,0

Scheme 2.

in 28% isolated yield. Notably, a higher isolated yield
(40%) of trans-1,2-dibromocyclohexane was obtained
when 2.1 equiv of LiBr were employed. However, in
the case of cyclopentane (Table 3, entry 2), only
monobromocyclopentane was obtained in 37% yield.
Interestingly, when linear alkanes such as n-octane and
n-heptane were subjected to oxidative bromination with
equimolar LiBr, a mixture of three bromoalkanes in the
ratio ca. 1:1:1 was obtained (confirmed by GC-MS),
which were difficult to isolate in pure form.

In order to gain insight into the mechanism, the follow-
ing experiments were carried out: (i) when benzyl bro-
mide was refluxed with either glacial acetic acid or
methanol in the absence of NalO,4, no reaction took
place. However, addition of 25 mol% of NalOy to the
reaction mixture produced benzyl acetate in 72% yield.
A further increase in the molar ratio of NalOy4
(>30 mol%) did not produce any significant increase in
yield. This probably indicates that the first step involves
bromination at the benzylic position. (ii) KIO; and Nal
have been found to be effective in mediating the trans-
formation of benzyl bromide, thus producing benzyl

acetate in 47% and 16% yield, respectively. (iii) A cyclic
voltammogram study revealed® that Br, generated
in situ from LiBr by oxidation with NalQy, is probably
responsible for rapid bromination of the alkyl benzenes
to produce bromo derivatives. Finally, benzyl bromide
is solvolyzed” with AcOH and a rate enhancement in
solvolysis was observed with the addition of either 10,
, 105 or I" salts. Scheme 2 shows a plausible mechanism
for the formation of benzyl acetate from toluene.

In the case of cyclohexane the formation of trams-1,2-
dibromocyclohexane probably indicates the involvement
of cyclohexene as the intermediate, followed by bromine
addition to the double bond.

In conclusion, we have described a simple and efficient
NalOy4-mediated oxidative bromination as well as acet-
oxylation procedure that allows the transformation of
alkylbenzenes into their corresponding benzyl acetates
in excellent yields. A novel feature of the present
catalytic process is that cyclohexane could be converted
directly into trans-1,2-dibromocyclohexane in a single
step in 40% isolated yield.
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