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Abstract: Aryl-substituted olefins were converted to benzyl alcohols regio- 
selectively by the use of oxygen and tetrahydroborate in the presence of a 
catalytic amount of bisjdimethylglyoximato)chloro(pyridine)cobalt(III). 

Reactions of molecular oxygen with hydrocarbons under mild conditions are 

one of the most challenging topics nowadays inthe fields of reaction mechanisms 

and also synthetic chemistry. 1 Besides a large number of studies for elucida- 

tion of the function of biological heme-containing oxygenation systems, many 

model systems have been constructed to introduce its activity and specificity 

into organic syntheses, 
2 
however, bearing a limited success so far for aliphatic 

substrates. 
3 

Here, we would like to communicate a catalytic reaction of molecular oxygen 

with alkenes to give alcohols under a reductive atmosphere which represents an 

example of a preference of the activation of substrate over the activation of 

oxygen. When styrene was stirred in the presence of a catalytic amount of bis- 

(dimethylglyoximato)chloro(pyridine)cobalt(III) and an excess amount of sodium 

tetrahydroborate under oxygen, 1-phenylethanol was obtained selectively with no 

detectable amount of 2-phenylethanol accompanied. 
4 

Control experiments without 

oxygen or tetrahydroborate gave no alcohol in either case. The main product in 

the former was ethylbenzene. 
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The results with some aryl substituted olefins are summarized in Table 1. 

Addition of hydroxy group took place at the phenyl-substituted olefinic carbon 

exclusively and so this reaction has a practical meaning for carrying out a 

Markownikoff-type hydroxylation under basic conditions. 5 

Two alternative routes are suggested for this reaction, namely: (1) The 

reaction of an activated oxygen with a substrate. (2) The reaction of an 

activated substrate with oxygen. 

to Co(I) state6 

Cobaloxime(II1) is reduced by tetrahydroborate 

and Co(I) is known to react with oxygen quickly to give super- 

oxide anion radical and C0(11).~ Superoxide might react with olefin to give al- 
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Table 1. Hydroxylation of Alkenes with 02 and NaBH4 Catalyzed by Co(DH)2C1Pya 
-----___ -~----~----~-________________ 

Olefin (I) Time 
Solvent Yield of (II)b _------------ 

(h) (%)= (%)d 
------ ------- ------_--------_-_~_----__--__ 

Ar = 

Ar = 

Ar = 

Ar = 

Ar + 

Ar = 

Ar = 

phenyl, R1 = R2 = R3 = H 14 Me2SO 17e 2340 

phenyl, R1 =Me, R2 = R3 = H 60 Me2S0 28e 1730 

phenyl, R1 = R2 = H, R3 = Me 20 (CH30CH2)2 5 160 

Rl 
= phenyl, R2 = R3 = H 20 (CH30CH2)2 14 430 

R2 
= 1,9-naphtyl, Rl = R3 = H 20 (CH30CH2)2 11 60 

phenyl, R1 = R2 = H, R3 = CH20H 20 (CH30CH2)2 22 630 

R3 
= phenyl, R1 = R2 = H 20 ,(CH3CCH2)2 0 0 

-----_--_____--_______~_-----___~-_---------~ 
a See regerence 4 for reaction procedure. 
mized. 

Reaction cpnditions were not opti- 
Isalated yield through silica-gel column. Caluculated on the basis 

of I used. Catalyst base. Yield was determined by GC. 

cohol. The reaction of cobalt(II)-oxygen complex8 with olefin is also a possi- 

bility. On the other hand cobaloxime(1) reacts with olefins generating an alkyl 

cobaloxime(III),' which reacts with oxygen photochemically or thermally to give 

alkylperoxo complex. 10 Alkylperoxo complex gives alcohol in the presence of 

tetrahydroborate. 

The time-dependent yield and deuterium incorporation of alcohol presented 

evidence to determine the two alternatives. The yields shown in Fig. 1 suggest 

that the reaction of Co(I) with olefin gives a reactive intermediate in a higher 

coacentration which gives alcohol by the treatment of oxygen, whereas initial 

addition of oxygen to Co(I) produces alcohol slowly, indicating that the reac- 

tive intermediate is not made from Co(I) and 02. Phenylethanol formed in the 

presence of NaBD4 instead of NaBH4 showed a substantial incorporation of deuter- 

ium while the deuterium content of recovered styrene was remarkably less (Table 

2) * Similar incorporation was seen for 1-phenylethanol formed by the reaction 

of bis(dimethylglyoximato)(l-phenylethyl)pyridinecobalt(III) with oxygen in the 

presence of BD4- and also for recovered cobalt complex. 
11 

Table 2. Deuterium Content of 1-Phenylethanola 

Conditionsb 
Deuterium Content (%) 

_____-------------- ---__ 

dO dl d2 d3 

Styrene + BD4- + Catalyst + 02, 2hC 9 52 38 2 

1-Phenylethanol + BD4- + Catalyst + 02, 42.531 98 2 0 0 

C6H5(CH3)CHCo(DH)2Py + BD4- + 02, 17h 33 38 23 6 

--------- 

recovered styrene wa,"----- 

_________________---_------__ 
aDetermined by GCMS. Catalyst: 

: do , 100%; 
CONCH. ' Deuterium content of 

dl, 0 in 2h and do, 98%; dl, 2% after 4 day. 



These results support the 

mechanism of (Z), which would take 

place as $scribed in the following 

equation. The observed regio- 

selectivity is in accordance with 

the selectivity of the reaction of 

Co(I) with olefins. 
14 
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Figure 1. Yields of 1-phenylethanol at 
the early stage of the reaction of styren? 
The order of addition: l , catalyst_+ BH4 , 
olefin, and 0 
and olefin. 

2; 0, catalyst + B!-14 , 02, 

Although the mechanism of deuterium incorporation is still unclear,l> the 

presented results illustrate the importance of the activation of substrate in 

the reaction of molecular oxygen with organic substrates and, together with the 

rather low reactivity of metal-coordinated oxygen, 
16 suggests this methodology 

promising for a purpose of organic syntheses. 
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