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Abstract

Protocols of aerobic oxidation of secondary alcohols to ketones by using TEMPO modified by bi-

functionalized imidazolium-based ionic liquids have been developed. [Imim-TEMPO][X] (X= FeCl,,

CuCl,) has been proved to be efficient and recyclable catalysts with modest or excellent yields and

selectivity. Therefore, relevant literatures are summarized herein.
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The oxidation of secondary alcohols into the
corresponding ketones is a transformation of
fundamental importance in modern organic

[1,2]

chemistry. Current emphases on

economical and green chemistry ® have
attracted many efforts to employ O, (or air)
instead of other toxic, hazardous oxidants as
the ultimate oxidants in catalytic oxidations./*
1% Recently, the stable nitroxyl radical, 2,2,6,6-
(TEMPO) has

been proved as an appealing metal-free
[11-13]

tetramethylpiperidine-1-oxyl

catalyst in aerobic oxidation of alcohols.
However, TEMPO itself is too weak to oxidize

[14]

secondary alcohols and also is rather

expensive due to its highly desirable
renewability. The ideal conversion of
secondary alcohols and controllable selectivity
of corresponding ketones under the scope of
green standards are still challenging.
Therefore, developing efficient and recyclable
catalytic  systems for the  selective
transformations is an urgent research hot spot
at present and in future. Recently, the ionic
liquids supported TEMPO, combining the
advantages of homogeneous catalysis with
heterogeneous process technology, have been

demonstrated to be efficient and recyclable

catalysts and also the environmentally benign
reaction media. "

Miao et al.?® have developed a TEMPO-based
bimagnetic ionic liquid ([Imim-TEMPO][FeCl,])
as a highly effective catalyst for secondary
aromatic alcohols with yields up to 99% and
selectivity of over 96% under mild conditions
(Figure 1). It can be re-used for at least 5
reaction runs without significant loss of either
activity or confined IL. They found that
FeCl;/NaNO,, [Imim-TEMPO][CI] or
[Imim][FeCl,] alone shows no activity in the
reaction. The mechanism of the whole catalytic

system remains unexplored.
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Figure 1. Aerobic oxidation of secondary
alcohol catalyzed by
[Imim-TEMPO][FeCl,]/NaNO,

In 2014, Zhao et al.'* have synthesized a bi-
functionalized PEGygy ionic liquid supported


mailto:lihr@zju.edu.cn

28 Journal of Postdoctoral Research November 2014: 27-30

TEMPO  ([Imim-PEG1000-TEMPO]  [CuCl,]) to
oxidize the same secondary alcohols, such as 1-
phenylethanol or diphenylmethanol. Within
less time than before, the catalytic system
shows a great high efficiency and good
compatibility for alcohol oxidation in the
recycling process of 5 times. The author
screened the impact of different metal salts in
the catalytic system to the conversion and
yields (Figure 2). Compared to DMSO, DMF and
toluene as solvents, [Imim-PEG1g-
TEMPO][CuCl,] performs better due to its
capability of forming homogeneous systems to
enhance the reaction. In their paper, they
assumed that the TEMPO moiety might be a
hydrogen acceptor during the catalytic cycle.
The TEMPO-mediated oxidation transfer Cu(l)
to Cu(ll) species. The transfer of B-hydrogen to
TEMPO and intramolecular one-electron
transfer leads to the ketone, TEMPOH and Cu(l)
species.
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Figure 2. Aerobic oxidation of secondary
alcohols catalyzed by
[Imim-PEG900-TEMPO][CuCI,]

Serveral Imim-TEMPO moieties modified with
other anionic functional groups have also been

reported, such as tetrafluoroborate”s],
methanesulfonate[lg], and iodoarene
moieties™, which can be applied for

environmentally benign catalytic oxidation of
secondary alcohols (Figure 3). The catalytic
potential of bi-functionalized Imim-TEMPO s
better than that of TEMPO itself.
Homogeneous catalytic systems of ILs

functionalized TEMPO allow a facile separation

of oxidation products™

and multiple times of
recycling without the loss of catalytic
efficiency. The results are summarized in Table
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Figure 3. Bi-functionalized Imim-TEMPO

radicals

TEMPO+ recycling process (Figure 4) is a
popularly -

Nevertheless, several successful examples of
d [24,25]

recognized mechanism.
radical-based route have been reporte
Bi-functionalized Imim-TEMPO, known as an
efficient catalyst for aerobic oxidation of
alcohols to their corresponding ketones with
good selectivity and high recyclability, is a
promising catalyst in the present and future.
More anionic functional groups such as [AlX,]
24 cu(Xs ™, Ru(Xs™, Mn(11)X57, CoXs ™ (X
= Cl, Br) should be developed to enhance Imim-
TEMPOQ'’s
secondary aromatic alcohols, or even aliphatic

catalytic activity towards the

alcohols. It also needs more research to prove

whether it will be an efficient promoter for

[24,29]

aerobic oxidation of C-H bonds, as we

recently have found that TEMPO can promote

[29]

the oxidation of B-isophorone.
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Table 1. The catalytic performance of ILs functionalized TEMPO in the aerobic oxidation of the

secondary alcohols to the corresponding ketones

Catalysts Substrates ;Z)n v Z)Zld E:Z;:led Reference
[Imim-TEMPO][FeCl,] PhCH(OH) CH; 100 >99 5 [20]
[Imim-PEG1g00-TEMPO][CuCIl,] cyclohexanol 83 80 5 [21]
[Imim-TEMPO][BF,] PhCH(OH) CH; no 90 5 [16]
[Imim-PEGg-TEMPO][OMS] PhCH(OH) CH; 64 63 5 [18]
[Ilmim][ TEMPO-0S0;] cyclohexenol no 88 5 [19]

Reaction conditions: Catalyst (5 mmol%); NaNO, (5 mol%); Temperature (30~100°C; Time (8~24 h); O,.

The internal mechanism goes an ionic-based
reaction or radical-based reaction or trapping
reaction for the efficient catalytic oxidation
should be further studied to make it clear and
sure.
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Figure 4. TEMPO+ recycling process
of aerobic oxidation of alcohols

Acknowledgements

Authors gratefully acknowledge the financial

support for this research by the China
Postdoctoral Science Foundation (NO.
2014M551746).

References

[1]T. Mallat and A. Baiker, Oxidation of alcohols
with molecular oxygen on solid catalysts. Chem.
Rev. 2004, 104(6): p.3037-3058.
[2]T. Punniyamurthy and L.
advances

Rout, Recent
in copper-catalyzed oxidation of

organic compounds. Coordin. Chem. Rev. 2008,
252: p.134-154.

[3]P.J. Dunn, The importance of green
chemistry in process research and
development. Chem. Soc. Rev. 2012, 41(4): p.
1452-1461.

[4]).E. Steves and S.S. Stahl, Copper(l)/ABNO-
Catalyzed aerobic alcohol oxidation: Alleviating
steric and electronic constraints of Cu/TEMPO
catalyst systems. J. Am. Chem. Soc. 2013,
135(42): p.15742-15745.

[5]L. Han, et al., Selective aerobic oxidation of
alcohols to aldehydes, carboxylic acids, and
imines catalyzed by a Ag-NHC complex. Org.
Lett. 2014, 16 (13): p.3428-3431.

[6]J.M. Hoover, et al., Mechanism of
Copper(l)/TEMPO-catalyzed aerobic alcohol
oxidation. J. Am. Chem. Soc. 2013, 135 (6): p.
2357-2367.

[7]).R. Kona, et al., OMS-2 for aerobic, catalytic,
one-pot alcohol oxidation-wittig reactions:
efficient access to a,B-unsaturated esters.
ChemCatChem. 2014, 6(4): p.749-752.

[8]B.L. Ryland et al., Practical aerobic oxidations
of alcohols and amines with homogeneous
Copper/TEMPO and related catalyst systems.
Angew. Chem. Int. Ed. 2014, 53(34): p. 8824 —
8838.

[9]G. Chen, et al., Palladium supported on an
acidic metal-organic framework as an efficient
catalyst in selective aerobic oxidation of
alcohols. Green Chem. 2013, 15(1): p.230-235.
[10]C. Parmeggiani, et al., Transition metal
based catalysts in the aerobic oxidation of
alcohols. Green Chem. 2012, 14(3): p.547-564.


http://pubs.acs.org/action/doSearch?action=search&author=Han%2C+L&qsSearchArea=author
http://pubs.acs.org/action/doSearch?action=search&author=Hoover%2C+Jessica+M.&qsSearchArea=author
http://pubs.rsc.org/en/results?searchtext=Author%3AGongzhou%20Chen
javascript:popupOBO('CHEBI:35223','C2GC16344F','http://www.ebi.ac.uk/chebi/searchId.do?chebiId=35223')
javascript:popupOBO('CHEBI:30879','C2GC16344F','http://www.ebi.ac.uk/chebi/searchId.do?chebiId=30879')

30 Journal of Postdoctoral Research November 2014: 27-30

[11]C. Aellig, et al., Intensification of TEMPO-
mediated aerobic alcohol oxidations under
three-phase flow conditions. Green Chem. 2013,
15(7): p.1975-1980.

[12]A. Rahimi, et al., Chemoselective metal-free
aerobic alcohol oxidation in lignin. J. Am. Chem.
Soc. 2013, 135 (17): p.6415—6418.

[13]S. Wertz et al., Nitroxide-catalyzed
transition-metal-free aerobic oxidation
processes. Green Chem. 2013, 15(11): p.3116-
3134.

[14]B. Markus, et al., Efficient aerobic Oxidation
of secondary alcohols at ambient temperature
with an ABNO/NOx catalyst system. ACS Catal.
2013, 3: p.2612-2616.

[15]C.X. Miao, et al., TEMPO and carboxylic acid
functionalized imidazolium salts/sodium nitrite:
an efficient, reusable, transition metal-free
catalytic system for aerobic oxidation of
alcohols. Adv. Synth. Catal. 2009, 351(13):
p.2209 —2216.

[16]A. Fall, et al., lonic liquid-supported TEMPO
as catalyst in the oxidation of alcohols to
aldehydes and ketones. Tetrahedron Let. 2010,
51(34): p. 4501-4504.

[17]W.X. Qjan et al., Clean and selective
oxidation of alcohols catalyzed by ion-
supported TEMPO in water. Tetrahedron 20086,
62(4): p.556-562.

[18]C.J). Zhu, et al.,, TEMPO-based ionic liquid
with temperature-dependent property and
application for aerobic Oxidation of alcohols.
Synth. Commun. 2013,43(14): p.1871-1881.
[19]CJ. Zhu, et al., Facile preparation and
reactivity of bifunctional ionic liquid-supported
hypervalent iodine reagent: a convenient
recyclable reagent for catalytic oxidation.
Tetrahedron 2012, 53(12): p.1438-1444.

[20]C.X. Miao, et al., Synthesis of bimagnetic
ionic liquid and application for selective aerobic
oxidation of aromatic alcohols under mild
conditions. Chem. Commun. 2011, 47: p.2697—
2699.

[21]Z2.G. Wang, et al., Bi-functionalized PEG1ggqg
ionic liquid [Imim-PEG1000-TEMPO][CuCl,]: an
efficient and reusable catalytic system for
solvent-free aerobic oxidation of alcohols. New
J. Chem. 2014, 38(9): p.4149-4154.

[22] A Riisagera, et al., Supported ionic liquids:
versatile reaction and separation media. Topics
in Catal. 2006, 40: p.91-102.

[23]).M. Hoover, et al, Highly practical
Copper(l)/TEMPO catalyst system for
chemoselective aerobic oxidation of primary
alcohols. J. Am. Chem. Soc. 2011. 133 (42):
p.16901-16910.

[24]).). Scepaniak et al., Tuning the reactivity of
TEMPO by coordination to a lewis acid: isolation
and reactivity of MCl3(n*-TEMPO) (M = Fe, Al). J.
Am. Chem. Soc. 2012, 134: p.19350-19353.
[25]P. Gamez, et al., Copper(ll)-catalysed
aerobic oxidation of primary

alcohols to aldehydes. Chem. Commun., 2003,
2414-2415.

[26]H.J. Sun et al., Aerobic oxidation of 2,3,6-
Trimethylphenol to trimethyl-1, 4-
benzoquinone with Copper(ll) chloride as
catalyst in ionic liquid and structure of the
active species. J. Am. Chem. Soc. 2002, 126(31):
p.9550-9551.

[27]A. Dijksman et al., Efficient and selective
aerobic oxidation of alcohols into aldehydes and
ketones using Ruthenium/TEMPO as the
catalytic system. J. Am. Chem. Soc. 2001,
123(28): p.6826-6833.

[28]A. Cecchetto et al., Efficient Mn—Cu and
Mn—Co—-TEMPO-catalysed oxidation of alcohols
into aldehydes and ketones by oxygen under
mild conditions. Tetrahedron Let. 2001, 42:
p.6651-6653.

[29]L Jia, et al., Unexpected oxidation of PB-
isophorone with molecular oxygen promoted by
TEMPO. RSC Adv. 2014, 4(30): p.15590-15596.


http://pubs.acs.org/doi/abs/10.1021/ja206230h
http://pubs.acs.org/doi/abs/10.1021/ja206230h
http://pubs.acs.org/doi/abs/10.1021/ja206230h
http://pubs.acs.org/doi/abs/10.1021/ja206230h
http://pubs.rsc.org/en/content/articlehtml/2003/cc/javascript:popupOBO('MOP:0000568','B308668B')
javascript:popupOBO('CHEBI:15734','B308668B','http://www.ebi.ac.uk/chebi/searchId.do?chebiId=15734')
javascript:popupOBO('CHEBI:15734','B308668B','http://www.ebi.ac.uk/chebi/searchId.do?chebiId=15734')
javascript:popupOBO('CHEBI:17478','B308668B','http://www.ebi.ac.uk/chebi/searchId.do?chebiId=17478')

