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Selective Rhodium-catalysed Oxidation of Alkanes to Alkyl Esters with Peracids
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Saturated hydrocarbons are selectively transformed into the corresponding alkyl trifluoroacetates in good yields by
treatment with hydrogen peroxide in trifluoroacetic acid in the presence of Rh salts at room temperature.

The C-H bond activation of hydrocarbons, especially alkanes,
by transition metal complexes under mild conditions is one of
the important targets of recent chemistry. Thus, as to the
oxidative activation, considerable efforts have so far been paid
on the liquid-phase oxidation of alkanes with various oxidants
including molecular oxygen catalysed by a variety of transition
metal complexes.!-3> Nevertheless, to our knowledge, there
are no reports on rhodium-catalysed oxidative C-H activation
of alkanes, although Rh-catalysed carbonylation of alkanes is
known.4 Previously we have reported that ps-oxotrirhodium
acetate complex [Rh3;O(OAc)s(H,0);]JOAc (abbreviated as
Rh30) and Rh,(OAc), worked as homogeneous catalysts for
the allylic oxidation of alkenes with ButO,H.5 Further studies
revealed that various rhodium catalysts including these were
quite effective for alkane oxidation to alkyl esters and/or
ketones with peracids, typical results of which are reported
here.

A mixture of cyclohexane 1 (10 mmol), Rh salt (0.033-0.1
mmol), peracetic acid (30 mmol), and acetic acid (20 ml) was
stirred at 25 °C for 2 days. After the usual work-up procedure
(addition of aq. NaCl, extraction with CH,Cl,, washing with
aq. NaHCO,, drying over Na,SO,) GLC analysis of the
extract revealed the presence of cyclohexanone as a major
product together with cyclohexanol and cyclohexyl acetate.
Without the rhodium complex or the oxidant the reaction
hardly occurred. The reaction proceeded fairly slowly and the
turnover number was around 7-36 per catalyst and 6-12 per
rhodium metal. Among Rh salts examined, Rh;O was
revealed to be the most effective, followed by various rhodium
compounds such as tris(acetylacetonato)rhodium [Rh(acac);],
[RhCI(CO),},, Wilkinson's complex [RhCI(PPh;);] and the
rhodium acetate dimer [Rh,(OAc),]. Several oxidising agents
other than peracetic acid such as H,O,, ButO,H, m-CPBA
were examined and eventually peracetic acid was revealed to
be the best for this reaction (Fig. 1).

Next, we looked for a more effective reaction system by
changing the combination of the oxidant and the solvent, and
found that a mixture of H,O, and trifluoroacetic acid (TFA)
was very efficient, a similar system of which has been
employed for Pd?+, Co3+ and Mn2+-catalysed and -mediated
alkane oxidation.? Thus, in the oxidation of cyclohexane, the
product yield as well as the turnover number increased
remarkably and the selectivity for the ester, cyclohexyl
trifluoroacetate, became quite high. As shown in Table 1, any
rhodium salts examined were revealed to be quite effective.
The oxidation catalysed by Rh;O in the presence of 6-tert-
butyl-o-cresol or p-benzoquinone as a radical scavenger took
place without the decrease of product yield, showing an ionic
nature of the reaction. This Rh;O catalysed oxidation system
could be applied well to the oxidation of adamantane 4 and
n-octane 10 under similar conditions. The distribution of the
oxidised products from 4 and 10 indicates that the reactivity of
C-H bonds of alkane is in the order of tertiary > secondary >
primary. This result is similar to that observed in alkane
oxidation with transition metal (Ru, Fe, Cu) salts—aldehyde-
O, system,3 but not to that obtained with Barton’s Gif system
where the sec C-H reacted faster than the tert one (sec: tert =
1.14-1.16).6 Other transition metal salts of group VIII (Fe,
Ru, Pd, Pt) also worked as catalysts (Table 1), though slightly
less effectively than Rh salts.

We have no experimental evidence to propose a clear-cut
reaction pathway. However, on the basis of experimental
findings such as the reactivity order tertiary > secondary >
primary as well as an ionic nature of the reaction, we propose
the reaction pathway shown in Scheme 1. A highly reactive
oxorhodium species (b) similar to the so far proposed
oxoruthenium(iv)3¢ and oxoiron(1v)’ species is formed by
heterolytic cleavage of the O-O bond of the initially produced
(pertrifluoroacetoxy)rhodium species (a). Then, the hydrogen
abstraction from alkane with b and the oxygen transfer to

OCOCF; OH OCOCF, OH

: f i @ @/ o @ @/ OE 0
1 2 3 4 5 6 7 8 9

OCOCF, OCOCF, OCOCF; OCOCF,

10 1 13 14
Fig. 1
H,0, + CF,CO0H —= CF,COO0H + H,0
F
OCOCOC 3 RH R-oH —°%¥% __ R ococF,
CF,COCOH 1
Rh —2 Chn Rh=0 Rh
\ (a) H,0

H* CF3C00~

Scheme 1



130

J. CHEM. SOC., CHEM. COMMUN., 1994

Table 1 Transition metal-catalysed oxidation of alkanes with HO; in TFA#

Entry Alkane/mmol Catalyst/mmol? Products (% yield)- Turnover no.4
1 1(10) Rh;0 (0.0033) 2(62.2) 3(1.5) 1911
2 1(10) Rh(acac); (0.01) 2(64.1) 3(1.5) 656
3 1(10) RhCI(PPh;); (0.01) 2(63.6) 3(2.5) 661
4 1(10) RhCl5-3H,0 (0.01) 2(62.5) 3(1.6) 641
5 1(10) Rh,(OAc), (0.005) 2(64.6) 3(1.6) 1324
6¢ 4(5) Rh;0 (0.017) 5(7.2)6(4.0)7(33.6)8(0.3)9(3.0) 144
” 10(5) Rh;0 (0.017) 11 (trace) 12 (9.9) 13 (10.0) 14 (11.0) 93
8 1(10) Pd(OAc), (0.01) 2(37.5) 3(0.7) 382
9 1(10) RuCl; (0.01) 2(57.5) 3(1.4) 589

10 1(10) H,PtCle:6H,0 (0.01)  2(48.7) 3(1.3) 500

11 1(10) FeCl;-6H,0 (0.01) 2(53.9) 3(1.3) 552

@ Carried out by using alkane, 30% H3;03.q. (3 mol equiv. to alkane), and a catalyst in TFA (20 ml) at 25°C for 1 day. » Rh;O =
[Rh30(0ACc)s(H,0)5]OAc. © Determined by GLC on the basis of alkane. All authentic samples of trifluoroacetates were prepared from the
corresponding commercial alcohols. 4 Per catalyst. ¢ A mixture of TFA (10 ml) and AcOH (20 ml) was used as solvent. At 25°C for 2 days.

f At 25°C for 2 days.

alkane from b occur simultaneously to give the corresponding
alcohol. The produced alcohol, as we confirmed separately, is
subsequently converted into the trifluoroacetate.
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