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Summary 

Chlororhodium(II1) complexes catalyze the oxidation of act-1-ene by 
t-BuOOH in R’R’CHOH, to yield products of dioxygen oxidation: i.e. the 
methyl ketone resulting from olefin oxidation, the acetal or ketone formed by 
solvent cooxidation, and isomerized olefins. 

Introduction 

A new class of stable alkylperoxidic palladium complexes with the formula 
[ RC02Pd(00-t-Bu)], has been recently synthesized [l] ; the complexes transfer 
oxygen to terminal olefins, to form methyl ketones. Related palladium- 
catalyzed ketonization of terminal olefins by alkyl hydroperoxides has been 
demonstrated [ 231. 

Treatment of [ (PhBP)&02 ] with benzoyl chloride in the presence of an 
olefin gave the corresponding epoxides [ 41; a reactive acyl(peroxi)platinum 
intermediate was identified at low temperatures. Following that work, several 
related contributions appeared ,[ 5-71. Ketonization of olefins by “PtOO-t-Bu” 
species has also been demonstrated [ 5,6]. 

Rhodium and iridium complexes are expected to catalyse the decomposition 
of alkyl hydroperoxides to radicals RO’ and R02’ [ 8-121. However, treatment 
of the residue from the reaction of t-butyl hydroperoxide with [IrCl(CO)L,] 
(L = PPh3 ; AsPh, or PPh,Me) gave at least two products; a yellow complex was 
identified as the bis-t-butylperoxy oxidation adduct [ 11-131. An investigation 
of the rhodium(I1) acetate-catalyzed oxidation of olefins in which cq /3- 
unsaturated ketones (enones) were formed as the major products from cyclic 
olefins was recently reported [ 141. 
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In order to improve the understanding of the catalysis cycle for Mimoun’s 
system (“RhCl,. 3H,0”/Cu(C104), - 4HMPA) [ 151, which is effective in the 
oxidation of 1-alkenes to methyl ketones by dioxygen in alcoholic media, we 
decided to investigate the reactions of some new precursors [16]. It was also 
important to study the reactions of rhodium(II1) precursors with other oxidiz- 
ing agents. We present below some preliminary results on the activation of 
t-butyl hydroperoxide by rhodium precursors for the oxidation of act-1-ene to 
octan-Zone. 

Results and discussion 

For a typical run at 25°C the glass reactor was charged with a catalyst pre- 
cursor, e.g. 13.45 mg “RhC1,*3H,O” (0.05 mmol), 1.4 cm3 EtOH, and 0.6 cm3 
act-1-ene (3.82 mmol). Pure nitrogen was introduced, then 0.55 cm3 t-BuOOH 
(70% aqueous solution; 3.82 mmol) was added through a serum cap. After vigor- 
ous stirring for 24 h, GLC analysis showed the formation of octan-2-one in 37% 
yield based on t-BuOOH (or act-1-ene) (Table 1, run 1). This implies that other 
processes can compete. 

TABLE 1 

OXIDATION OF OCT-l-ENE CATALYZED BY RHODIUM(II1) SPECIES 

Rund T t-BuOOH/aIkene Time Precursorse Yield of o&an-2-one (Internal 

(“C) (mmol/mmol) (h) (%I mmol/mmol Rh 
&fins) 

x 1001 
C octenes 

1 25 1 (3.8213.82) 24 1 37O 28 
2 25 2 (7.6413.82) 24 1 43’ 32 
3 60 (l/6.35) 4 2 + 3LiCl 745 15 91 
4 60 (l/6.35) 4 2 + 2Cu(BF,), + 3LiCl 905 21 11 

5 60 1 (3.82/3.82) 4 3 23a 18 
6 60 1 (3.82/3.82) 4 3 + 2HCI 41a 30 

3 + lBiC1, 34 
I 60 1 (3.82/3.82) 4 3 + 2LiCl 24a 19 25 
8’ 60 1 (3.8213.82) 4 3 + 2HCl 17 13 

‘(Octan-aone/oct-1-ene) X 100. b (Octan-2-one/t-BuOOH) X 100. ’ Hexan-2-01 (solvent); mmol hexan-2- 

one 1.22; d EtOH: 1.4 cm3 (solvent) runs l-7. el: “RhCl,-3H,O” “0.02 mall-‘; 2: [Rh(H,O), l(ClO,), N 
0.02 moIl--1: 3: [Rh(C,H4),CIl, -0.02 mall-‘. 

Increasing the temperature up to 60°C resulted in a faster oxidation of oct-l- 
ene, as can be seen from Fig. 1. Going to temperatures above 60°C has little or 
no effect on the initial rate. This’behaviour reflects the complexity of the reac- 
tion mechanism. 

The reaction may be carried out in alcoholic solvents (with primary or 
secondary alcohols, e.g. ethanol, butan-l-01, hexan-l-01, hexan-2-01). Solvents 
such as t-butyl alcohol, dichloroethane, ethyl acetate, DMF, and butanone, were 
found to be strong inhibitors of the reaction. The complexity of the solvent de- 
pendence is illustrated by the following rate sequence: ethanol = butan-l-01 > 
methanol > hexan-l-01 > hexan-2-01. Coordination of the olefin to the metallic 
centre must be a key step, and this is strongly inhibited by competing u-donor 
solvents. 
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When “RhC1,*3Hz0” was used as precursor at 60°C (act-1-ene/Rh = 127 in 
EtOH as solvent (1.4 cm”) and 70% t-BuOOH (1 mmol) as oxidant [t-BuOOH/ 
act-l-ene l/6.35; act-l-ene 1 cm3], octan-2-one was formed selectively, and the 
overall yield after 4 h corresponded closely (86%) to the t-BuOOH consumption. 
Octan-3- and -4-one were not detected, and no octanal was identified. Table 1 
shows that the use of an excess of t-BuOOH (t-BuOOH/oct-l-ene = 2) does not 
give complete conversion of the olefin, and that it is more convenient to use 
lower ratios. 

Fig. 1. Oxidation of act-1-ene: 3.82 mmol; GBuOOH: 3.82 mmol; solvent: EtOH (1.4 cm’); Rh: 0.02 mol 1-l; 

olefin/Rh = ‘76. Curve I: [ Rh(p-CF,COO)(CO), II initially treated with GBuOOH; temperature: 26’C; yield: 
40%. Curve II: 1: temperature 26OC; yield 33%. Curve III: 1; temperature 60°C; yield 38%. Curve IV: 2 + 
LiCl: 0.06 mol 1-l after 4 h; yield 21%; temperature~60’C. 

The influence of the nature of the rhodium catalysts on the oxidation of 
act-1-ene by t-BuOOH is shown in Table 1 (temperature: 60°C). Trivalent 
rhodium complexes such as “RhCl, - 3Hz0”, HRhCl, [ C6H5 )2 1, or 

such as + 3LiC1, [Rh(H,O),](ClO,), + 
+ 3LiCl 3 and were also as catalyst but 

monovalent precursors such [ RhCl( ] z [ RhCl( ] 2 
less efficient. complexes bearing coordinating anions 
as trifluoro- and hexafluoro-acetylacetonate (hfacac), namely 

[ Rh(tfacac)(CO), ] and [ Rh(hfacac)(CO), 1, were found to be almost inactive. 
The introduction of two or three Cl ligands per rhodium atom (by addition of 
LiCl, HCl, or BiC13, etc.) leads to the activation of the catalyst precursor 
(Table 1: runs 5 and 6 and Fig. l), suggesting that exchange at the rhodium 
centre is necessary; it therefore seems likely that the precursors are “RhmC1, ” 
species. The maximum turnover of the catalyst in the oxygenations is currently 
about 35. Extensive double bond migration in the recovered octene was demon- 
strated by capillary GLC, cis- and truns-act-2-ene were mainly formed, and so we 
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suggest that “HRhCl, LY ” species form one of the key types of intermediates in 
the catalytic system, as in the “Rh/Cu/Li” system [ 161, which is one of the best 
precursors for O2 activation in EtOH. It appears that introduction of Cu*+ re- 
duces the extent of isomerization (Table 1: runs 3 and 4). 

All the GLC essays show that regardless of the catalyst precursors considered, 
there is another, competitive, reaction taking place alongside l-alkene ketoniza- 
tion and isomerization. It is difficult to exclude a process involving oxidation of 
the primary or secondary alcohol solvent used to enhance the olefin oxidation 
(Table 1, run 8). 

The presence of water has little effect on the reaction, and its inhibiting ef- 
fect is less than that of t-BuOH (vide infra). Addition of non-coordinating strong 
acids such as (HCl, p-CH&,H$O,H, acid/Rh = 2) resulted in better conversion 
of the olefin (Table 1, runs 5 and 6). 

In a typical oxidation with a stoichiometric or smaller amount of t-BuOOH, 
oxidation of act-1-ene slows substantially after 35 turnovers. The deactivation 
of the catalyst (demonstrated by the decrease in rate) is accompanied by a 
change of colour (orange red to yellow). It appears that the decline in catalytic 
activities is mainly due to formation of t-BuOH which coordinates to the metal. 
The extent of the auto-retardation must be related to the ratio of the equi- 
librium constants for the formation of catalyst-hydroperoxide and catalyst- 
alcohol complexes. 

The reactivities of several different linear olefins towards t-BuOOH in the pre- 
sence of rhodium precursors were also examined. Only terminal olefins are trans- 
formed to methyl ketones. 

A likely explanation of the results is that chloride ions (or CF,COO-) effec- 
tively stabilize the coordination of the oxidizing group (e.g. OH or 00-t-Bu, 
etc.) and of the 1-alkene: 

HRhC1,LY + t-BuOOH + HORhC1,Ly + t-BuOH (L = HOR) (1) 

In this case the active species must be a hydroxy complex. An alternative pro- 
cess is: 

HRhCl, L, + t-BuOOH -+ HRhCl,_l LY (00-t-Bu) + H+ + Cl- (2) 

So far, attempts to isolate alkylhydroperoxidic rhodium(II1) species have failed. 
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