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An interesting reqioselectivity (high secondary selectivity) was observed 
in the oxidation of adamantane in the presence of (FeSalenf20, 2-mercapto- 
ethanol, pyridine, and oxygen, 
used), 

giving l-ad~antanol (67Bbased on the catalyst 
2-adamantanol (162 %) and 2-adamantanone (51 %) for a typical example. 

The yield of each product was dependent on the reaction conditions especially 
on the mercaptan concentration. 
3.2 

This high secondary selectivity (product ratio, 
: 1) and the predominant formation of 2-adamantanol is unique and quite 

different from those (ca 1 : 1 mostly adaman~anone/l-ad~antanol) of autoxida- 
tion. This is the first successful w-hydroxylase model. 

w-Hydroxylase 
1 

catalyzes the hydroxylation of n-alkane regiospecifically at 

the w-carbon atom. However, the active site of this enzyme has not yet been 

clasified. Moreover, nonheme oxidase model studies" on n-alkanes have not been 

very SUCceSSfUl and the oxidation products were obtained only in poor yields 

(less than 70 % based on the catalyst used even for the best substrate, cyclo- 

hexane) . We have found interesting regioselectivity in the oxidation of satu- 

rated hydrocarbons with molecular oxygen in the presence of p-oxobis[N,N'- 

efhylenebis(salicy1ideneiminato)iron(IU~1 (abbreviated as (FeSalen)20), 2- 

mercaptoethanol, and pyridine and wish to report here this w-hydroxylase model. 

In the presence of (FeSalen)20 (3.8 x IO 
-4 

M) and 2-mercaptoethanol (0.032 

-1.3 M), adamantane (0.18 M) was oxidized with molecular oxygen (1 atm) in 

pyridine (20 ml) to give l-adamantanol (2) (0.70-1.47 mg), 2-adamantanol (3) 

(0.10-1.90 mg), and adamantanone (4) (O-42- 0.85 mg) (eq 1) with satisfactory 

yields (110-360 %based on the catalyst used, seeTable 11. Although the yield 

of the oxidation products reached to a saturation after about 6 hours, further 
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(FeSalen)gO,'HOCH2CH2SH ~ 

02 in pyridine 

Table Oxidation of Adamantane with (FeSalenj20 and 2-Mercaptoethanola) 

2-Mercaptoethanol 1.3 M 0.64M 0.32M 0.16M 

Yield (%jb' 

0.064M 0.032M 

1-Adamantanol (2) 67 71 65 110 129 60 

2-Adamantanol (3) 162 163 106 92 56 8 

Adamantanone (4) 51 36 59 158 135 42 

Total (2 + 3 + 4) 280 270 230 360 320 110 

BR/BHC) 1.05 0.93 0.86 0.75 0.50 0.29 

a) Other components and conditions were Fe(Salen)20 (3.8 x lOa M), adamantane 

(1) (O.l8M), and oxygen (1 atm) in pyridine (20 ml); for 4 hours at room 

temperature_ b) Based on (FeSalenj20 used. c) See text. 

oxidation started on addition of 2-mercaptoethanol, resulting in the continuous 

increase of the yield (Figurel). This effect of 2-mercaptoethanol demonstrates 

that the saturation of the yield is attributable to a consumptionof 2-mercapto- 

ethanol by the action of oxygen. 
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Fig. 1. 

($ mark means the addition of 2-mercaptoethanol (200 mg each) .) 

a) At room temp.: [(FeSale11)~0] = 7.6 xLO-~M, [adamantanel =0.18M, LO21 =latmin 

pyridine (20 ml). b) Total yield of the oxidation products (2, sand 4). 



In the a&oxidation of adamantane, the relative reactivity of secondary to 

tertiary carbon (BR/RH3withstatistical correction for numbersofhydrogens) was 

reported in the range from 0,f8t00.42.4 In the present oxidation, the relative 

reactivity (RR/BH) was dependent on the 2-mercaptoethanol concentration and it 

was unusually high (BR/BH= 1.05as the highest) at the high mercaptane concentra- 

tion as shown in Table I. This concentration dependence suggests that at least 

two routes should be involved in the oxidation, (i) the hydrorrylase model reac- 

tion with the high secondary selectivity and (ii) autoxidation leading to mostly 

adamantanone and l-adamantanol with RR/BH ratio of 0.2-0.3 as described above. 

Increase in the secondary selectivity with increasing the mercaptan concentra- 

tion seems to be due to increase in an active oxidant promoting the route (if 

oxidation and also to the more efficient quenching of the autoxidation. 

Similarry,ascorbicacid promoted the oxidation to some extent, but it did not 

affect the RB/RH values markedly (0.28-0.42, see Table II) (vide lnfra). 

Table E. oxidation of Adamantane with (FeSalen)20 and Ascorbic Acid 
a) 

Ascorbic acid 0.025 M 0.13 M 0.51 M 

Yield (%)b) 

l-Adamantanof (2) 104 238 220 

2-Adamantanol (3) not detected 94 161 

Adamantanone f4) 85 139 115 

Total (2 + 3 + 4) 189 471 496 

S3R/BHC) 0.28 0.33 0.42 

._~."_ 

a) Other components and conditions were (FeSafen)20 (6.7 X 10m4M), adamantane 

(1) (O.l8M),and oxygen (latm) in pyridine (20ml); for 4 hours at room 

temperature. b) Based on Fe(Salenj20 used. C)See text. 

When 2-mercaptoethanol was added to the pyridine solution of (FeSalen)ZO 

under the anaerobic condition, the biphasic change of the electronic spectrum 

was observed (Figure 2), the first step of which was over within 10 seconds, 

followed by a slow second change (tl,2 - 2 min at 15OC) with two isosbestic 

points at 343 nm and 390 nm. For ascorbic acid, however, the spectral change 



was monophasic (Figure 3) ~ Thus a conclusion may be drawn that the thiol 

coordination plays an important role in the formation of the present active 

oxidizing species. 
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Fig. 2. Electronic spectral change 

of iron species on the 2-mercapto- 

ethanol addition. 
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Fig. 3. Electronic spectral change 

of iron species on the ascorbic acid 

addition. 
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Efficient turn-over of the present catalyst and the remarkably increased 

secondary selectivity are significant and noteworthy but the detailed mechanism 

is not yet clear in this stage. Our results, however, provide a possibility 

constructing an artificial catalyst for the selective w-hydroxylation of n- 

alkane. 
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