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Abstract: Reaction of primary alcohols with an oxidizing system composed of 4- 
BzOTEMPO (2 equiv.), RuC12(PPh3)3 as a catalyst, and molecular oxygen leads to 

concomitant oxidation and substitution, giving the corresponding s-oxygenated 
alkanals. Similar reaction of secondary alcohols terminates at the stage of oxidation of 
hydroxyl group, forming the ketones, selectively. 

Metal-catalyzed oxidation of alcohols to the carbonyl compounds in conjunction with co-oxidants is of 

use in organic synthesis, l More recently, versatility of ruthenium complexes such as tetrapropylammonium 

perruthenate (TPAP), RuCI2(PPh3)3, and others as a oxidizing catalyst has been explored. 2 Concerning with 

the oxidation with RuCI2(PPh3) 3, two reaction modes are known in which either a stoichiometric or a catalytic 

amount of the ruthenium reagent is used. 3 For example, catalytic procedures with RuC12(PPh3)3 by 

combined use of 02, 4 Me3SiOOSiMe3, 5 or t-BuOOH 6 are effective for allylic and benzylic alcohols and a 

combination of RuCI2(PPh3)3 with PhlO or PhI(OAc)27 and N-methylmorpholine-N-oxide 8 are useful for 

aliphatic ones. 9 Especially, aerobic oxidation with RuCI2(PPh3) 3 are of increasing interest from practical point 

of views, l0 In this paper we report a new oxidizing system composed of RuCI2(PPh3)3 as a catalyst, 

molecular oxygen, and 4-benzoyloxy-2,2,6,6-tetramethylpiperidine-l-oxyi (4-BzOTEMPO, 2) for one-pot 

conversion of aliphatic alcohols to the corresponding a-oxygenated alkanals 3. 

OCOPh 
R ~ C H 2 0  H + ~ O2-RuC12(PPh3)3 

70 °C, 8 h 
Toluene 

1 O- 2 

~ ,,~OCOPh 
IN 0 IN ' ,~ 

""X"c"° 3 
Introduction of oxygen functionality to the position ~t of the carbonyl group has often been achieved by 

oxidation of enolates with MoOPh, l I oxaziridine,12 and peracid anhydride, t3 These methods, however, are 

usually limited to ketones and esters, and successful examples for tz-oxygenation of aldehydes are few except 

in the case where isovaleraldehyde derivatives are used. 14 
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Firstly, we investigated the role of the components in this oxidizing system by varying their amounts. IS 

A small conversion of the alcohol la  (R = C9H19) to undecanal (4a), attained in the absence of 4-BzOTEMPO 

2 using 10 mol% of RuCI2(PPh3)3 under Ar (entry 1) or under 02 atmosphere (entry 2), may be ascribable to 

oxidizing ability of the ruthenium(II) complex. 9 Although the conversion is not completed, the latter result 

indicates possibility of the reaction course in which molecular oxygen is involved in the regeneration of 

reactive ruthenium(II) species. Strikingly, the formation of 4a is increased to 23% from 9.5% (entry 3) under 

Ar or to 71% from 44% (entry 4) under 02  when 4-BzOTEMPO 2 (10 mol%) is added to the reaction 

mixture. Furthermore, it was found that the oxidation of l a  leads to formation of the TEMPO-substituted 

alkanal 3a if amount of the compound 2 is increased to 50 tool% (entry 5). The yield of the adduct 3a is 

improved by increasing the amount of 2 (entries 6 and 7) and eventually reaches 76% when more than 2 

equivalents of the 4-BzOTEMPO 2 is employed (entries 8 and 9). Effect of the kind of solvent was also 

investigated; non-polar solvents such as benzene (74%) and toluene (76%), as well as THF (72%) were found 

to be suitable for this purpose, while polar solvent was less. For instance, the reaction in DMF produced the 

aldehyde 4a as a major product (55% yield) and the desired adduct 3a in 14% yield. 

Table 1, Aerobic Oxidation of Primary 

Alcohol l a  with 2 and RuCI2(PPh3)3. a) 

Entry TEMPO 02 or Product/Yield, % 
2 equiv. Argon 

4a 3a 

1 none Ar 9.5 0 

2 none 02 44 0 

3 0.1 Ar 23 0 

4 0.1 02 71 0 

5 0.5 02 53 40 

6 1.0 02 33 60 

7 1.5 02 28 66 

8 2.0 02 0 76 

9 3.0 02 0 76 
a) Carried out by using la (0.5 mmol), RuC, l(PPh3)3 
(10 mol%) in C6HsCH 3 (1 mL) at 70 °C for 8 h. 
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Figure 1. Time-Course of the Oxidation of 
Alochol 1 a. The reaction was carried out by 
using 2 (2 equivalent) and RuCl 2(PPh3)3 
(10 tool%) under 02  in C6H5CH3 (1 mL) at 
70 °C. Symbols are: 3a ( • ); 4a ( O )- 

12 

The time course of the reaction using 4-BzOTEMPO 2 (2 equivalents) and RuCI2(PPh3)3 (10 mol%) 

under 02 reveals that the adduct 3a would be produced via the addition of a TEMPO molecule to an initially 

formed aldehyde 4a (Figure 1). Indeed, the reaction of the aldehyde 4a with 4-BzOTEMI~ 2 (2 equivalent) 

in a similar manner as described above produced the corresponding adduct 3a in 66% yield. 

O2-RuC12(PPh3)3 
R ~ C H O  + 2 = 

4 70 °c, 8 h 
Toluene, 66% 

The scope of the reaction is shown in Table 2. The present method is applicable to a variety of alcohols 

bearing olefinic (entries 2, 4, and 5), acetal (entry 3), phenyl functions (entries 7 and 8). Moderate yields with 
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blanched alcohols at the position [~ to the hydroxyl group probably due to steric interference with tetramethyl 

group on the piperidine ring of 2 (entries 4 and 5). On the other hand, the reaction of secondary alcohols 5 

terminates at the stage of oxidation of hydroxyl group, leading to the corresponding ketones 6 in good yields. 

Examples shown in Table 2, entries 9 and 10 demonstrate that an aerobic oxidation of secondary alcohols with 

TEMPO is now available. 16 

Table 2. One-pot Conversion of Primary Alcohols I to 2-Oxylakanals 3 and Oxidation of 
Secondary Alcohols 5 to 6)  ) 

Entry Alcohols Products Yield, t~ b) 

1 7 ~ / ' ~ 7 ~ J V ~ c  H,20H l a  3a 76 

2 ~ C H 2 0  H l b  3b 76 

3 THPO/~/~CI-12OH l c  3c 77 

4 ~ "  C I..12OH ld 3d 36 
/ 

5 ~ C  H,20H l e  3e 37 

6 ~ ' 1  _ I f  3 f  79 
V ~  C~hOH 

7 ~ CHaOH l g  3g 59 

~ CNOH 
8 lh 3h 72 

9 ~ 5a 01oH21COCH3 6a 88 

C6HlaCOCsH11 
OH 

OH 

10 ~ 5b 6b 87 

a) Carried out by using 2 (2 equivalent) and RuC12(PPh3)3 (10 tool%) under O 2 in C6HsCH3 

(1 mL) at 70 °C for 8 h. b) Yields based on isolated products. 

Although no distinct explanation for the reaction mechanism is now available, oxidation of hydroxyl 

group of I and concomitant substitution of the alkanal 4 with 4-BzOTEMPO 2 can be understood as follows: 

by analogy with the reported reaction of TEMPO derivatives with transition metal such as palladium(II) 

chloride, 17 4-BzOTEMPO 2 is expected to form the corresponding N-oxoammonium sails by the reaction with 

RuCI2(PPh3)3. Oxygen is then used to activate low valency ruthenium complexes. 4 Besides transition metal- 
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catalyzed coordinative isomerization of TEMPO, higher valency metal ion such as Cu(lI) can oxidize TEMPO 

to the N-oxoammonium salt in combination with molecular oxygen. 18 N-Oxoammonium salt as well as 

RuCI2(PPh3)3 are both capable of oxidizing hydroxyl group. 19 Substitution at the position ct of the carbonyl 

group may be the result of the reaction of aldehyde 4 and N-oxoammonium salt. 20 Further work concerning 

with the mechanistic aspect of this reaction as well as synthetic application is underway. 
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