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Abstract—Copper(II) complex 1 selectively catalyzes the oxidation of primary alcohols to aldehydes in high yields by atmospheric
oxygen in the presence of TEMPO. This procedure does not require an additive and the catalyst 1 is recyclable without loss of

activity.
© 2005 Elsevier Ltd. All rights reserved.

The oxidation of alcohols to carbonyl compounds is one
of the most important and fundamental reactions in syn-
thetic chemistry.! Numerous oxidizing reagents have
been developed for this purpose. Most of these reagents
are, however, required in stoichiometric quantities
which are sometimes expensive and toxic. From an envi-
ronmental and economic standpoint, catalytic oxidation
processes are thus valuable and those employing mole-
cular oxygen as a primary oxidant are particularly
attractive, aerial oxygen is convenient and generates
water as the only by-product.> Accordingly, several
studies have been recently reported for the oxidation
of alcohols with molecular oxygen using transition metal
salts as catalysts (V,3 Co,* Cu,”> Mo,° Ru,” Rh,® Pd® and
polyoxometalates'?).

Most of these systems catalyze the oxidation of primary
as well as secondary alcohols to give the corresponding
aldehydes and ketones. Alternatively, the selective oxi-
dation of primary alcohols to aldehydes is crucial for
the synthesis of fine chemicals such as fragrances or food
additives.!! Presently, only a few studies with molecular
oxygen are known for such transformations>* 72 and
await the further discovery of suitable catalytic systems,
especially without sacrificial reducing agents. Recently,
we have found that copper(Il) complex 1 catalyzes the
oxidation of organic compounds with 30% H,O, in high
yields.!? Since the catalyst 1 is readily accessible, is recy-
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clable and less expensive and is soluble in common or-
ganic solvents, we have further studied its application
in other oxidation reactions. Herein, we report the selec-
tive oxidation of primary alcohols to aldehydes using
copper(Il) complex 1 in the presence of TEMPO with
atmospheric oxygen (Scheme 1). Aliphatic as well as
aromatic alcohols can be oxidized to the corresponding
aldehydes in high yields.

The oxidation of benzyl alcohol, as a standard substrate,
was first investigated. We were pleased to find that the
oxidation occurred to provide benzaldehyde in quantita-
tive yield when the reaction was allowed to stir in the
presence of a catalytic amount of 1 and TEMPO in tol-
uene at 100 °C (Table 1, entry 1).!3 No over-oxidation to
benzoic acid was observed. A control experiment with-
out either copper(Il) complex 1 or TEMPO showed no
reaction. To evaluate the scope of this procedure, the
oxidation of other alcohols was next studied (entries
2-14). Aromatic alcohols possessing both electron-with-
drawing and -donating groups on the benzene ring, that
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Scheme 1.
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Table 1. Copper(II) complex 1 and TEMPO catalyzed oxidation of alcohols with molecular oxygen®

Entry Substrate Product Time (h) Yield (%)°
1 ©/CH20H ©/CHO 10 99¢
CH,OH CHO
z fo o : .
O,N O,N
CH,OH CHO
3 /©/ /©/ 19 70
Br Br
CH,OH CHO
: o o 9 :
MeO MeO
MeO CH,OH MeO CHO
5 13 97
MeO ; MeO ;
OMe OMe
~CH,OH ~CHO
6 ©N ©N 1 98
! MCHZOH N ~CHO - 7
3 /\/\/\CHZOH ZNNCHO 21 90¢
9 \/\/\/\/\CHQOH NN o 25 844
10 QCHQOH QCHO 2 75¢
AN X
1 | | 26 92¢
N” “CH,OH N~ ~cHO
/\ I\
12 Q\CHZOH Q\CHO 19 %8
I\ / \
13 Q\CHZOH Q\CHO 21 94
OH

14 ©/k 12 2

# Alcohol (5 mmol), copper(Il) complex 1 (5 mol %) and TEMPO (5 mol %) were stirred in toluene (10 mL) at 100 °C under atmospheric oxygen.

®Isolated yield.
°GC yield.
47 mol % of 1 and TEMPO used.

is, 4-nitro-, 4-bromo-, 4-methoxy- and 3,4,5-trimeth-
oxybenzyl alcohols, were oxidized to give the corre-
sponding aldehydes in high yields. Similarly, the allylic
alcohols, cinnamyl alcohol and geraniol, underwent oxi-
dation without affecting the carbon-carbon double
bonds. Oxidation of the aliphatic alcohols, heptanol,
decanol and cyclohexyl methanol, required slightly long-
er reaction times compared to aromatic and allylic
alcohols. The heterocyclic alcohols, pyridine-2-metha-
nol, 2-furfurol and thiophene-2-methanol, could be
transformed to the respective aldehydes without affect-
ing the N and S atoms. The secondary alcohol, 1-phenyl-
ethanol, was less reactive, affording the corresponding
ketone in 2% yield.

To study the selectivity, the oxidation of a 1:1 mixture of
benzyl alcohol and 1-phenylethanol was investigated. As

above, the reaction occurred affording benzaldehyde
and acetophenone in 98% and 1% yields. A similar result
was obtained with a 1:1 mixture of heptanol and cyclo-
hexanol providing heptanal and cyclohexanone in 70%
and 1% yields, respectively. Under these conditions,
1,5-hexanediol was oxidized to provide 6-methyl-o-lac-
tol as a mixture of diastereomers in 50% yield (Scheme
2). These studies clearly reveal that primary alcohols
could be oxidized selectively by this method in the pres-
ence of secondary hydroxyl groups. This may be due to
less steric hindrance between the methyl groups of
TEMPO and the B-hydrogen of primary alcohols there-
by enhancing the formation of the active species a com-
pared to b that would arise from a secondary
alcohol.'*® Intramolecular transfer of the B-hydrogen
followed by oxidative elimination of a would lead to a
copper(l) complex, TEMPOH and the carbonyl com-
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pound (Scheme 3).'4¢ Oxidation of TEMPOH to TEM-
PO by the copper(I) complex with molecular oxygen
completes the catalytic cycle.% 14

For the recyclability of 1, after completion of the oxida-
tion of 4-methoxybenzyl alcohol, the reaction mixture
was treated with water (3 mL), and the organic layer,
after drying (Na,SO,4) and GC analysis, was passed
through a short pad of silica gel using ethyl acetate
and hexane as eluent to afford analytically pure 4-meth-
oxybenzaldehyde in quantitative yield. Evaporation of
the aqueous layer afforded a copper complex that was
reused for the oxidation of 4-methoxybenzyl alcohol
up to three runs in the presence of fresh TEMPO and
no loss of activity was observed (Table 2).

Table 2. Recycling of catalyst 1

CH,OH 5 mol% 1/0, CHO
5 mol% TEMPO
_—
Toluene, 100 °C
OMe OMe
Run Recovery (%)* Product (%)
1 >99 97
2 >98 96
3 >96 95

# Alcohol (1 mmol), TEMPO (5 mol %) and recovered copper complex
were stirred in toluene (3 mL) at 100 °C for 9 h under atmospheric
oxygen.

In conclusion, a novel procedure has been described for
the oxidation of primary alcohols to aldehydes. This
method can be used for the selective oxidation of pri-
mary alcohols in the presence of secondary alcoholic
groups and the catalyst 1 is recyclable without loss of
activity over three cycles.

Acknowledgements

This work was supported by the Department of Science
and Technology (Sanction No. SR/S1/0C-092002),
New Delhi and by the Council of Scientific and Indus-
trial Research (Sanction No. 01(1804)/02/EMR-II),
New Delhi.

References and notes

1. (a) Transition Metals for Organic Synthesis; Beller, M.,
Bolm, C., Eds.; Wiley-VCH: Weinheim, 1998; Vol. 2, pp
350-360; (b) Sheldon, R. A.; Kochi, J. K. Metal-Catalyzed
Oxidations of Organic Compounds; Academic Press: New
York, 1981; (c) Comprehensive Organic Synthesis; Trost,
B. M., Fleming, I., Ley, S. V., Eds.; Pergamon: Oxford,
1991; Vol. 7, pp 251-325; (d) Cainelli, G.; Cardillo, G.
Chromium Oxidations in Organic Chemistry; Springer:
Berlin, 1984.

2. (a) Punniyamurthy, T.; Velusamy, S.; Igbal, J. Chem. Rev.
2005, 105, 2329; (b) Mallat, T.; Baiker, A. Chem. Reuv.
2004, 104, 3037; (c) Stahl, S. S. Angew. Chem., Int. Ed.
2004, 43, 3400.

3. (a) Kirihara, M.; Ochiai, Y.; Takizawa, S.; Takahata, H.;
Nemoto, H. Chem. Commun. 1999, 1387; (b) Maeda, Y.;
Kakiuchi, N.; Matsumura, S.; Nishimura, T.; Kawamura,
T.; Uemura, S. J. Org. Chem. 2002, 67, 6718; (c) Reddy, S.
R.; Das, S.; Punniyamurthy, T. Tetrahedron Lett. 2004,
44, 3561.

4. (a) Yamada, T.; Mukaiyama, T. Chem. Lett. 1989, 519; (b)
Iwahama, T.; Yoshino, Y.; Keitoku, T.; Sakaguchi, S.;
Ishii, Y. J. Org. Chem. 2000, 65, 6502.

5. (a) Marko, 1. E.; Gautier, A.; Dumeunier, R.; Doda, K.;
Philippart, F.; Brown, S. M.; Urch, J. Angew. Chem., Int.
Ed. 2004, 43, 1588; (b) Pratt, R. C.; Stack, T. D. P. J. Am.
Chem. Soc. 2003, 125, 8716; (c) Chaudhuri, P.; Hess, M.;
Weyhermuller, T.; Wieghardt, K. Angew. Chem., Int. Ed.
1999, 38, 1095; (d) Gamez, P.; Arends, I. W. C. E.;
Reedijk, J.; Sheldon, R. A. Chem. Commun. 2003, 2414; (¢)
Saint-Aman, E.; Menage, S.; Pierre, J.-L.; Defrancq, E.;
Gellon, G. New. J. Chem. 1998, 393.

6. Velusamy, S.; Ahamed, M.; Punniyamurthy, T. Org. Lett.
2004, 6, 4821.

7. (a) Egami, H.; Onitsuka, S.; Katsuki, T. Tetrahedron Lett.
2005, 46, 6049; (b) Egami, H.; Shimizu, H.; Katsuki, T.
Tetrahedron Lett. 2005, 46, 783; (c) Shimizu, H.; Onitsuka,
S.; Egami, H.; Katsuki, T. J. Am. Chem. Soc. 2005, 127,
5396; (d) Matsushita, T.; Ebitani, K.; Kaneda, K. Chem.
Commun. 1999, 265; (e) Hinzen, B.; Lenz, R.; Ley, S. V.
Synthesis 1998, 977; (f) Yamaguchi, K.; Mori, K.
Mizugaki, T.; Ebitani, K.; Kaneda, K. J. Am. Chem.
Soc. 2000, 122, 7144; (g) Marko, 1. E.; Giles, P. R.;
Tsukazaki, M.; Chelle-Regnaut, 1.; Urch, C. J.; Brown, S.
M. J. Am. Chem. Soc. 1997, 119, 12661; (h) Dijksman, A.;
Arends, I. W. C. E.; Sheldon, R. A. Chem. Commun. 1999,
1591; (i) Csjernyik, G.; Ell, A. H.; Fadini, L.; Pugin, B;
Backvall, J.-E. J. Org. Chem. 2002, 67, 1657.

8. Martin, J.; Martin, C.; Faraj, M.; Bregeault, M. Nouv. J.
Chim. 1984, 8, 141.



926

9.

10.
11.

12.

S. Velusamy et al. | Tetrahedron Letters 47 (2006) 923-926

(a) Kaneda, K.; Fujii, M.; Morioka, K. J. Org. Chem.
1996, 61, 4502; (b) Nishimura, T.; Onoue, T.; Ohe, K.;
Uemura, S. J. Org. Chem. 1999, 64, 6750; (c) Peterson, K.
P.; Larock, R. C. J. Org. Chem. 1998, 63, 3185; (d) ten
Brink, G.-J.; Arends, I. W. C. E.; Sheldon, R. A. Science
2000, 287, 1636; (e) Uozumi, Y.; Nakao, R. Angew.
Chem., Int. Ed. 2003, 42, 194; (f) Schultz, M. J.; Hamilton,
S. S.; Jensen, D. R.; Sigman, M. S. J. Org. Chem. 2005, 70,
3343; (g) Nishimura, T.; Kakiuchi, N.; Inoue, M.; Uem-
ura, S. Chem. Commun. 2000, 1245; (h) Iwasawa, T.;
Tokunaga, M.; Obora, Y.; Tsuji, Y. J. Am. Chem. Soc.
2004, 126, 6554.

Haimov, A.; Neumann, R. Chem. Commun. 2002, 876.
(a) Mallat, T.; Baiker, A. Catal. Today 1994, 19, 247; (b)
Musawir, M.; Davey, P. N.; Kelly, G.; Kozhevnikov, I. V.
Chem. Commun. 2003, 1414.

(a) Velusamy, S.; Punniyamurthy, T. Eur. J. Org. Chem.
2003, 3913; (b) Velusamy, S.; Punniyamurthy, T. Tetra-

13.

14.

hedron Lett. 2003, 44, 8955; (c) Velusamy, S.; Kumar, A.
V.; Saini, R.; Punniyamurthy, T. Tetrahedron Lett. 2005,
46, 3819.

Alcohol (5 mmol) and catalyst 1 (5 mol %, 84 mg) and
TEMPO (5 mol %, 39 mg) were stirred at ca. 100 °C in
toluene (10 ml) under atmospheric oxygen for the appro-
priate time (Table 1). After completion, the reaction
mixture was treated with water (3 mL) and the organic
layer, after drying (Na,SO,4) and GC analysis, was passed
through a short pad of silica gel using ethyl acetate (or
diethyl ether) and hexane as eluent to provide the
analytically pure aldehyde or ketone which was charac-
terized by NMR ('H and '*C), IR and mass analysis.

(a) Laugier, J.; Latour, J.-M.; Caneschi, A.; Rey, P. Inorg.
Chem. 1991, 30, 4474; (b) Caneschi, A.; Grand, A,
Laugier, J.; Rey, P.; Subra, R. J. Am. Chem. Soc. 1988,
110, 2307; (c) Wang, Y.; DuBois, J. L.; Hedman, B.;
Hodgson, K. O.; Stack, T. D. P. Science 1998, 279, 537.



	Copper(II) catalyzed selective oxidation of primary alcohols to aldehydes with atmospheric oxygen
	Acknowledgements
	References and notes


