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The system ROOH/[Mn304(dipy)4(OH~)21(ClO4)4 hydroxylates A-L alkanes and 

converts ArCR=CHz to ArCR=O with extremely high activity and good conversions 

and yields. 

Selective, partial alkane oxidation is a particularly challenging problem in 

organic chemistry.1 Catalysis by metal complexes is a promising approach,2 but an 

important goal is to try to avoid the usual free radical chemistry and its attendant 
___. . . 

3’>2”>i’ C-H bond seiectivity pattern. While 02 is usefui for industriai appiications, 

reagents such as t-BuOOH are more convenient for lab scale oxidations. Degradation 

of the catalyst is usually a severe problem in alkane conversion, and so we use the 

relatively oxidation-resistant ligand 2,2’-dipyridyl (= dipy). Fish et al.,3 have 

previously studied some dipyridyl-substituted manganese cluster complexes for t- 

BuOOH oxidation of Ca, C2Hg, and C6H12. 

Our own new cluster [Mn304(dipy)4(0H2)2](C104)4 (1)4 is particularly active 

for the oxidation of alkanes, alkenes, and alkylated arenes with alkyl 

hydroperoxides in CH3CN. Unoptimized rates of up to 700 turnovers/h are seen for 

alkanes even at 0”. In addition, Only 2 mol of ROOH are required per mole of 

substrate, which implies that little of the oxidizing power is lost to 02 formation, a 

side-reaction that is common in other systems (e.g., Fish3 used a 15O:l 

ROOH/substrate ratio). 

Not only are the rates exceptionally fast but the selectivity pattern is 
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apparently nonradical in character (Table 1). For the alkane oxidations, the 3”/2” 

C-H bond selectivity is unusually low, a feature reminiscent of Gif iron chemistry.*” 

Alkanes give both alcohols and ketones at short times, but ketone formation is 

favored after 8 h. The ketone/alcohol ratio in the case of cyclohexane and t-BuOOH 

rises from 1 .l 1 after 15 min to 2.19 after 6 hr. because alcohol is converted to 

ketone by the system. Primary alcohols give aldehyde as the major product, while 

alkylaromatics are rapidly oxidized at the benzylic position. 

Methylcyclohexane gives an initial 3’12” selectivity on a per bond basis of 

1.6 at low conversion, rising to 2.1 in the presence of excess oxidant. These values 

are unlike those seen in radical reactions. The atypical alkane, adamantane (AdH), 

behaves very differently with an initial 3”/2” selectivity of 7, within the range 

found1 for radical reactions. This suggests that caution must be used in determining 

3”/2’ selectivity in oxidation chemistry only with AdH, as is sometimes seen. 

Methylcyclohexane more closely resembles typical organic substrates and is 

therefore probably more appropriate for selectivity studies. 

In further tests for free radical intermediates, we found that bicyclohexyl is 

not formed from cyclohexane and cyclohexyl chloride was not formed when CC14 is 

added to the reaction mixture. Free ChHt 1 radicals normally dimerize rapidly to give 

bicyclohexyl and abstract Cl from CC14 to give cyclohexyl chloride.1 The 

intermediacy of caged radical pairs cannot be excluded, however. 

Aliphatic alkenes such as cyclohexene undergo allylic oxidation. Aromatic 

alkenes are converted to the corresponding keto-compounds in a reaction that 

resembles ozonolysis. In no case is more than a trace of epoxide observed, and so 

the catalyst does not act as an 0x0 transfer agent toward alkenes. 

PhCMeZOOH can replace t-BuOOH as oxidant, but this leads to substantial 

changes in the rates and selectivity (Table). This suggests that the R group of the 

peroxide may be present in the species that oxidizes the substrate. 
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Table 1 Some Results of the Alkane Oxidations 

Substrate Oxidant Ratea 

t-BuOOH, 3 h. 240 

PhCMezOOH, 3 h. 700 

t-BuOOH, 30 min. 380 

t-BuOOH. 3 h. - 

t-BuOOH, 6 h. - 

PhMqCOOH, 6 h. 1630 

PhMe#OOH, 8 h. - 

t-BuOOH, 8 h. 900 

PhCH=CHPh PhCHO 

t-BuOOH, 8 h. - (180, from trans 
110, cis) 

Productsb 

(179) (400) 

(593) (793) 

(30) 

(81) 

0 

(645) 

(1380) 

(1700) 

0 b 
(3UC 

(103) 

OH 

(77) 

(346) 

H 

(200) 

Ph 

0 

R 

(2000, R = Ph 
4000, R = Me) 

a . 
Initial rate (in turnovers/h calculated as moles product per 

Q$ 0 

(7Ud (?6)e 

(213) (77) 

0 

0 

(0) 

(tr.) 

mole catalyst) 

b in turnovers (t . 0 . ) ’ 6, 12 and 28 to. of 2-, 3- and 4-01 also formed. Conditions: 

1. 0.002 mmol; OT; oxidant, 16 mmol, substrate 8 mmol; in CHsCN, 10 mL. 4000 

turnovers corresponds to complete conversion of the substrate. 
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The ROOH could displace Hz0 ligand in 1 to form an Mn-OOR system. The 

mechanism is not yet clear, but we have extensive data on the redox properties of 

1, including its tendency to abstract H atoms by proton-coupled electron transfer.4a 

We find that neither the dinuclear cluster 24 nor Mn*+/dipy are as effective 

catalysts as 1 and so 1 is not simply reverting to 2 or Mn*+ under the reaction 

conditions. 
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