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Abstract—Anovel andhighly selective oxidation of hydrocarbons to the corresponding ketones using theFe(TPP)Cl/chloramine-T/O2

system was described.
� 2005 Elsevier Ltd. All rights reserved.
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Scheme 1. Oxidation of tetralin.
Catalytic oxidation of hydrocarbons to alcohols or car-
bonyls is an important transformation in both organic
synthetic chemistry and industry.1 A number of oxygen-
ation systems composed of a variety of oxygen donors
such as Bu4NHSO5,

2 PhI(OAc)2,
3 PhIO,4 NaOCl,5

H2O2,
6 pyridine N-oxide7 and periodates,8 in combina-

tion with different metalloporphyrin catalysts have been
employed for the oxidation of hydrocarbons. Metallo-
porphyrins promoted oxidations of alkanes with oxygen
and acetaldehyde have also been reported.9 However,
these metalloporphyrins-catalyzed methods usually give
the mixture of alcohols and carbonyls. In addition, most
of the other traditional metallic and metal-free organic
catalysts used for oxidation of hydrocarbons could not
yield single product, neat alcohols or carbonyls.10

Recently, we found that chloramine-T combined with
air or oxygen as an oxidant could selectively convert
hydrocarbons to ketones using metalloporphyrins as a
catalyst at room temperature, and no alcohol was
detected in this oxidation system. To the best of our best
knowledge, it is the first example for oxidation of
alkanes using chloramine-T. Herein, we disclose the
results of this research.

Originally, we intended to amidate tetralin with chlor-
amine-T as a nitrene source via metalloporphyrin cata-
lyzed aziridination of alkenes and amidation of satu-
rated C–H bonds.11 However, when the Fe complex of
meso-tetrakisphenyl porphyrin (TPP) was used as the
catalyst, an oxidation product tetralone (2) instead of
the amidized product 1 was obtained (Scheme 1). It is
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well known that chloramine-T is not only an aziridin-
ation and amidation reagent, but also an efficient oxi-
dant in many reactions.12

Encouraged by this result, we examined the catalytic
activity of several metalloporphyrins derived from
TPP and meso-tetrakis(2,6-dichloro-phenyl)porphyrin
(TDCPP) for the aerobic oxidation of tetralin using
chloramine-T.13 As shown in Table 1, the catalytic activ-
ity of porphyrin complexes was strongly dependent
upon both central metal and ligands. The Fe and Mn
complexes with porphyrin ligands showed better
catalytic activity (Table 1, entries 2, 3 and 7–11) than
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Table 1. Oxidation of tetralin catalyzed by different metalloporphyrins
with chloramine-T under aira

Entry Catalyst Solvent Yield (%)b

1 None CH3CN 5
2 Mn(TPP)Cl CH3CN 77
3 Fe(TPP)Cl CH3CN 81
4 Co(TPP) CH3CN 43
5 Ni(TPP) CH3CN 40
6 Ru(TPP)CO CH3CN 57
7 Mn(TDCPP)Cl CH3CN 50
8 Fe(TDCPP)Cl CH3CN 58
9 Fe(TPP)Cl CH2Cl2 9
10 Fe(TPP)Cl THF 16
11 Fe(TPP)Cl DMSO 38

a Tetralin (2 mmol) was oxidized by chloramine-T (1 mmol) and air
(1 atm) in the presence of metalloporphyrins (5 mol %) in solvent
(5 mL) at room temperature for 24 h.

b Yields were determined by GC analyses based on tetralin used. Table 3. Oxidation of different hydrocarbons using the chloramine-
T/O2/Fe(TPP)Cl system
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the corresponding Co, Ni and Ru complexes (Table 1,
entries 4–6). The complex Fe(TPP)Cl in acetonitrile
was found to be the most effective catalyst (Table 1,
entry 3). The Fe and Mn complexes of chlorinated por-
phyrin ligand had lower catalytic activity due to their
slight solubility in acetonitrile. The solvent effects were
also investigated. Acetonitrile was superior to other sol-
vents due to its good solubility to chloramine-T.

The reaction conditions are further optimized, and the
results were summarized in Table 2. Both chloramine-
T (Table 2, entry 1) and air or molecular oxygen (Table
2, entry 2) were found to be necessary to this oxidation
system. Increasing the amount of chloramine-T from 0.2
to 0.5 equiv could increase the yields (Table 2, entries 3–
6), but further increase led to a significant reduction in
the yields (Table 2, entries 7–9). The amount of catalyst
was also examined. Fe(TPP)Cl (5–10 mol %) was found
to be the most effective (Table 2, entries 5, 10 and 11).
The temperature had no obvious effect on the reaction
(Table 2, entries 5 and 12).
Table 2. Oxidation of tetralin with different amounts of Fe(TPP)Cl
and chloramine-Ta

Entry Chloramine-T amount
(mol equiv)

Fe(TPP)Cl amount
(mol equiv)

Yieldb

(%)

1 0 0.05 3
2 0.5c 0.05 11
3 0.2 0.05 42
4 0.4 0.05 69
5 0.5 0.05 81
6 0.5d 0.05 84
7 0.6 0.05 72
8 0.75 0.05 68
9 1.0 0.05 54
10 0.5 0.01 55
11 0.5 0.10 87
12 0.5e 0.05 82

a Typically tetralin (2 mmol) was oxidized with different amounts of
chloramine-T and Fe(TPP)Cl under air atmosphere (1 atm) in aceto-
nitrile (5 mL) at room temperature for 24 h.

b Yields were determined by GC analyses based on tetralin used.
c Reaction under N2 atmosphere.
d Reaction under O2 atmosphere.
e Reaction at 80 �C.
Using the optimized reaction conditions, the catalytic
oxidation of various hydrocarbons was investigated.
As shown in Table 3, tetralin and other aryl-substituted
alkanes were oxidized into the corresponding aromatic
ketones in good conversions (Table 3, entries 1–7, 11
and 12). The oxidation of toluene gave benzaldehyde
(26% conversion) along with a small amount of benzoic
acid (Table 3, entry 8). The oxidation of cyclohexene
offered cycohexenone in moderate conversion (52%)
(Table 3, entry 9). Although inactive cyclohexane only
gave 13% conversion, the result had a significant
improvement compared with the industrial process
(about 3–7% conversion).14 It was noteworthy that no
alcohol was detected in all cases.
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a Typically reactions were carried out with substrate (2 mmol), chlo-
ramine-T (1 mmol) and Fe(TPP)Cl (5 mol %) in acetonitrile (5 mL)
under O2 atmosphere (1 atm) at room temperature for 24 h.

b Isolated yields.
c Yields was determined by GC analyses based on substrates used.
d Reaction for 48 h.
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Scheme 2. Oxidation of 1-phenylethanol.
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We also tested the activity of the chloramine-T/O2/
Fe(TPP)Cl system for oxidation of alcohol to carbonyl.
As shown in Scheme 2, 1-phenylethanol could be trans-
formed almost quantitatively into 1-phenylethanone.

In conclusion, we have developed a novel and efficient
oxidation system for the selective oxidation of hydrocar-
bons to ketones. Using the chloramine-T/O2/Fe(TPP)Cl
system, aryl- or vinyl-substituted alkanes could be oxi-
dized to the corresponding benzylic and ketones in good
yields with excellent selectivity.
Acknowledgements

Authors would like to thank the National Natural Sci-
ence Foundation of China (No. 20272051) as well as
the Teaching and Research Award Program for Out-
standing Young Teachers in Higher Education Institu-
tions of MOE, PR China.
References and notes

1. Meunier, B. Chem. Rev. 1992, 92, 1411–1456.
2. Mohajer, D.; Rezaeifard, A. Tetrahedron Lett. 2002, 43,

1881–1884.
3. (a) Li, Z.; Xia, C.-G.; Xu, C.-Z. Tetrahedron Lett. 2003,

44, 9229–9232; (b) Li, Z.; Xia, C.-G. J. Mol. Catal. A:
Chem. 2004, 214, 95–101.

4. (a) Groves, J. T.; Nemo, T. E.; Myers, R. S. J. Am. Chem.
Soc. 1979, 101, 1032–1033; (b) Gross, Z.; Mahammed, A.
J. Mol. Catal. A: Chem. 1999, 142, 367–372.
5. (a) Tabushi, I.; Koga, N. Tetrahedron Lett. 1979, 20,
3681–3684; (b) Meunier, B.; Guilmet, E.; De Carvalho,
M.-E.; Poilblanc, R. J. Am. Chem. Soc. 1984, 106, 6668–
6676.

6. (a) Bartoli, J.-F.; Barch, K. L.; Palacio, M.; Battioni, P.;
Mansuy, D. Chem. Commun. 2001, 1718–1719; (b) Batti-
oni, P.; Renaud, J. P.; Bartoli, J. F.; Mansuy, D. J. Chem.
Soc., Chem. Commun. 1986, 341–343.

7. Nestler, O.; Severin, K. Org. Lett. 2001, 3, 3907–3909.
8. (a) Mohajer, D.; Tangestaninejad, S. J. Chem. Soc., Chem.

Commun. 1993, 240–241; (b) Mohajer, D.; Bagherzadeh,
M. J. Chem. Res. (S) 1998, 556–557; (c) Mohajer, D.;
Tayebee, R.; Goudarziafshar, H. J. Chem. Res. (S) 1999,
168–169.

9. (a) Murahashi, S.-I.; Zhou, X.-G.; Komiya, N. Synlett
2003, 321–324; (b) Groves, J. T.; Bonchio, M.; Carofiglio,
T.; Shalyaev, K. J. Am. Chem. Soc. 1996, 118, 8961–8962;
(c) Murahashi, S.-I.; Naota, T.; Komiya, N. Tetrahedron
Lett. 1995, 36, 8059–8062.

10. (a) Yang, G.; Zhang, Q.; Miao, H.; Tong, X.; Xu, J. Org.
Lett. 2005, 7, 263–266; (b) Lee, N. H.; Lee, C.-S.; Jung,
D.-S. Tetrahedron Lett. 1998, 39, 1385–1388; (c) Schuc-
hardt, U.; Mandelli, D.; Shul�pin, G. B. Tetrahedron Lett.
1996, 37, 6487–6490; (d) Matsunaka, K.; Iwahama, T.;
Sakaguchi, S.; Ishii, Y. Tetrahedron Lett. 1999, 40, 2165–
2168; (e) Komiya, N.; Naota, T.; Murahashi, S.-I.
Tetrahedron Lett. 1996, 37, 1633–1636.

11. (a) Vyas, R.; Gao, G.-Y.; Harden, J. D.; Zhang, X. P. Org.
Lett. 2004, 6, 1907–1910; (b) Chanda, B. M.; Vyas, R.;
Bedekar, A. V. J. Org. Chem. 2001, 66, 30–34; (c) Yu,
X.-Q.; Huang, J.-S.; Zhou, X.-G.; Che, C.-M. Org. Lett.
2000, 2, 2233–2236.

12. Yang, D.; Zhang, C.; Wang, X.-C. J. Am. Chem. Soc.
2000, 122, 4039–4043.

13. Porphyrins and metalloporphyrins were prepared accord-
ing to: (a) Lindsey, J. S.; Schreiman, I. C.; Hsu, H. C.;
Kearney, P. C.; Marguerettaz, A. M. J. Org. Chem. 1987,
52, 827–836; (b) Borovkov, V. V.; Lintuluoto, J. M.;
Inoue, Y. Synlett 1999, 61–62; (c) Rillema, D. P.; Nagle, J.
K.; Barringer, L. F.; Meyer, T. J. J. Am. Chem. Soc. 1981,
103, 56–62.

14. Schuchardt, U.; Cardoso, D.; Sercheli, R.; Pereira, R.; da
Cruz, R. S.; Guerreiro, M. C.; Mandelli, D.; Spinacé, E.
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