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30.1 turnovers, with a 28:l selectivity for ketone, were observed (entry 4). 

The catalyst is largely deactivated after 3 hours, as shown by entries 5 and 6. In the latter case, the addition of 

further TBHP after 3 hours led to a small increase in turnovers. Indeed, in all cases, the initially homogeneous 

brown solutions grew cloudy within a few hours; in the reactions with the triphenylacetate complex 1, 

triphenylacetic acid, identified by IR, can be isolated as a by-product. As yet unidentified organic compounds 

generally were present; 12-30% of starting material could not be accounted for, some of this must be due to loss in 

workup. Icxlosylbenzene gave only a small amount of ketone (entry 7). Blank runs (entry 8, no catalyst; entry 9.4 

mol % Mn(03SCF3)z per mol oxidant) with TBHP produced only traces of ketone. 

The trimethylacetate complex 2 is also an effective catalyst for the hydroxylation of adamantane in 

dichloromethane (entry lo), benzene (entry 1 l), or MeCN (entry 13) by TBHP. The total turnover numbers of 

4.9 in C&&j, 4.1 in CH2C12 and 9.1 in MeCN are considerably lower than those observed in the oxidation of neat 

cyclooctane. The reaction shows a snong preference for hydroxylation of tertiary C-H bonds, giving a 3”/2” ratios 

of 9-14, indicating a high degree of radical character. As noted for the cyclooctane reactions, iodosylbenzene is 

much less active; under identical conditions, only 1.6 turnovers of ketone were observed (entry 12). For entries 

10-14, the reactions were clean, giving only the oxidation products noted. The catalyst began to decompose to 

insoluble materials within one hour in dichloromethane, while, despite the similar yield, only a faint cloudiness 

was observed in benzene. The control reaction (entry 14) with no catalyst gave no oxidation products. 

Oxidation of Cyclooctene 

Oxidation of cyclooctene with PhIO catalyzed by 1 in CH2Cl2 at 25 ‘C gave 4- 11 to. of the epoxide. 

Increasing the reaction time from three to 24 hours (entries 15 and 16) increased the yield of epoxide substantially, 

but also increased the amount of byproducts, including the ketone. Under reflux (entry 17), turnovers increased at 

the expense of selectivity. The hydroperoxide proved to be a much less satisfactory oxidant; reaction in CH2C12 

gave only 1 t.o. (entry 18), while in benzene (entry 19) more epoxide was formed but also substantial amounts of 

alcohol and ketone. With icdosylbenzene as the source of oxygen atoms, a clean 3.1 turnovers of epoxide were 

obtained (24 h, entry 20), less than observed with 1 (entry 16). TBHP gave the epoxide in a yield and selectivity 

(entry 22) similar to that observed with 1. Only traces of epoxide were obtained with PhIO in the absence of 

catalyst (entry 22), or with manganese triflate (4 mol % per mol TBHP, entry 24), although reaction of 

iodosylbenzene with manganese triflate produced substantial amounts of alcohol and epoxide (entry 23). In 

general, PhIO gave fewer unidentified organic byproducts than did TBHP; GC analysis showed the by-products 

to be substantially different for PhIO and TBHP oxidations. In the case of entry 20, GC/MS showed no evidence 

for the presence of Cl in any of the by-products. Fragmentation patterns of some of the by-products were 

consistent with their being unsaturated alcohols and ketones. Interestingly, 1 gave fewer by-products than 2. 

Conclusion 

Not only can alkanes be efficiently oxidized, but cyclooctene undergoes selective and clean epoxidation. 

The usefulness of complexes 1 and 2 seems to lx limited by deactivation under the reaction conditions. While our 

study was in progress, Fish et al. reported alkane oxidation with TBHP in acetonitrile using similar tri- and 
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tetranuclear manganese complexes. Q They observe up to 127 turnovers8 of cyclohexane oxidation, with little 

selectivity for alcohol or ketone. Although this system system epoxidizes cyclohexene, considerable amounts of 

allylic oxidation byproducts are formed. 6b A radical route seems likely for both systems. Fish et al. propose a 

mechanism6a similar to that suggested for cytochrome ~450.2 

Table]: Catalytic Oxidations with Manganese Carboxvlates 1 and 2 
Productsb 

y CataSubstrate Oxidant. Timea Ketone 2’ Alcohol 3” Alcohol 
1, cvclooctane TBHP. 9 h 2.8 1.6 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

:: 

:: 
19 

El 
22 
23 
24 

1; g.’ PhIO, il h 
2, Vg TBHP 7 hd 
2, 1’ TBHP, 14 dd 
2, ‘( TBHP, 3 hd 
2, (’ TBHP, 6 hd.e 
2, I9 PhIO, 24 hd 
none, I’ TBHP, 24 hf 
Mn(OTfJ2 ” TBHP, 24 hf 
2, adamaniane TBHP, 6 h 

II 
;: I, 

TBHP, 6 hg 
PhIO, 6 h 

2, ‘I TBHP, 26 hh 
none, ” TBHP, 6 h 
1, cyclooctene PhIO, 3 h 
1, lq PhIO, 24 h 
1, ** PhIO, 3 hj 
1, ‘I TBHP, 6 h 

I, 
:’ II 

TBHP, 24 hg 

2: II PhIO, TBHP, 24 3 h h 
none, ‘I PhIO, 10 hf 
Mn(OTf)z, ” PhIO, 24 hf 
Mn(OTf)Z, ” TBHP, 7 hf 

1.X 
19.3 
22.2 
20.7 
22.3 
1.8 
0.5% 
0.4% 
0.5 
0.8 

1.5 

b.7 
0.6 

0.2 0.6 

0.2 

0.4% 

0.3 
5.4 
7.9 

5.0 

6.3 
0.4 

0.5 

4.0% 

3.3 
3.7 
1.6 
7.1 

4.0 
11.0 
6.4 
1.0 
2.3 
3.1 
1.7 
0.4% 
1.2% 
0.1% 

mRecov,c 
78 
86 
x9 
70 
88 
87 
90 
84 
54 
97 
82 
84 

;: 

4: 
56 
57 
52 
70 
69 
79 
67 
64 

aReaction times denoted in hours (h) or days (d). bProduct yields given in turnovers (1 turnover = 1 mol 
product/mol catalyst), except for blanks, in which case, in percent. CTotal mols. of identifiable products and 
starting material recovered per mols. substrate employed. d Reaction performed in neat substrate. e A second 100 
equiv. oxidant added after first 3 h; see text. f For blank reaction the percentage shown is based on the mols. of 
product observed per mol of oxidant. g in benzene. h in acetonitrile j Reaction performed at reflux. 

Experimental Procedure 

Svnthesis of 2: To a suspension of manganese(I1) trifluoromethanesulfonate (1 .OO g, 2.83 mmol) and potassium 

trimethylacetate (1 .OO g, 7.13 mmol) in a Schlenk flask under N2 in CH$Zl2 (30 mL) was added a solution of 

[BwNjMn04 (0.68 g, 1.89 mmol)l 1 in CHzCl2 (15 mL) dropwise over 30 min. The resulting brown suspension 

was stirred at room temperature for 4 h, evaporated, and extracted with pentane (2x30 mL). The dark-brown 

extracts were filtered through a column of Celite and evaporated. The resulting brown residue was dried in vacua 

at 50 ‘C and used without further purification. Yield 0.77 g (73%). Analytical, spectroscopic and redox titration 

data7 are consistent with a tetramer of the formula [Mn&(O$CMe3)6(OH)2], similar to 1.7 
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Catalvtic Oxidation of Adamantane: TBHP Oxidation: The manganese carboxylare complex 2 (40 mg, 44.9 pmol) 

and adamantane (612 mg, 4.49 mmol) were dissolved in the solvent (25 mL) in a Schlenk tube under N_L. TBHP 

in benzene (3.3 mL, 4.56 mmol) was added, and the resulting solution was stirred a: room temperature for 6 

hours. The reaction was quenched with a 0.36 M FeS04-t&c acid solution, the organics separated and 

analyzed by GC. PhIO Oxidation: The manganese carboxylate complex 2 (20 mg, 22.5 pmol) and adamantane 

(306 mg, 2.25 mmol) were dissolved in 20 mL CH2C12 in a 50 mL round-bottom flask. Solid iodosylbenzene 

(493 mg, 2.25 mmol) was added, and the resulting suspension was stirred open to air at room temperature for 6 

hours. The mixture was worked up and analyzed as described above. 
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