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primary benzyl and allyl alcohols with a wide range of functional groups to the corresponding al-

dehydes at room temperature. The best result was obtained with N,N'-dimethyl-N,N-bis(2-pyri-
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high-resolution mass spectrometry, ultraviolet-visible spectroscopy, and electrochemical experi-
ments were used to provide evidence of intermediates.
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1. Introduction

Metal complexes with nitrogen ligands have been exten-
sively studied as models of monooxygenase active sites and as
oxidation catalysts in organic synthesis [1-3]. Metal porphyrins
such as cytochrome P-450 [1], which play a central role in
many biological processes, have been mimicked using various
synthetic ligands. Recently, biologically inspired and more
flexible tetradentate nitrogen (N4) ligands and their corre-
sponding metal complexes have been attracting increasing
attention [4-7]. Our group has also developed a series of N4
ligands and corresponding metal complexes for asymmetric
epoxidation of olefins [8-10]. Until now, there have been few
reports on the oxidation of alcohols catalyzed by metal com-
plexes with N4 ligands.

The selective oxidation of alcohols to the corresponding al-
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dehydes or ketones is a common transformation in organic
synthesis because aldehydes and ketones are important as
intermediates in pharmaceuticals, plastic additives, perfumes,
flavoring compounds, and certain dyes in the textile industry.
Recently, the use of the stable nitroxyl radical 2,2,6,6-tetra-
methylpiperidine-1-oxyl (TEMPO) in combination with various
oxidants in the oxidation of alcohols has attracted interest
[11-13]. However, many TEMPO-based systems use stoichio-
metric amounts of terminal oxidants such as sodium chlorite
and hypervalent iodine(Ill) compounds, so large amounts of
waste are produced [14,15], and longer reaction time or high
temperature is also often needed [16].

Air, oxygen, and hydrogen peroxide are clean oxidants, and
only water is formed as the by-product, so they have been at-
tracting much interest for use in green chemistry. However,
TEMPO, which is expensive, cannot be regenerated directly by
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molecular oxygen alone, so a cocatalyst is required for activa-
tion of molecular oxygen [17].

Copper complexes are more attractive as they are biomi-
metic functional models of the mononuclear copper enzyme
galactose [18]. In 1984, Semmelhack et al. [19] reported the
aerobic oxidation of allyl and benzyl alcohols to the corre-
sponding aldehydes and ketones catalyzed by 10 mol% Cul/
TEMPO in N,N-dimethylformamide (DMF) at room tempera-
ture. Subsequent research mainly focused on the choice and
design of nitrogen-containing ligands such as 1,10-phenanthro-
line [20], 2,2'-bipyridine (bpy) [21-25], 1,4-diazabicyclo[2.2.2]
octane [26], 4-pyrrolidinopyridine [27], pyrazole-pyridine [28],
salen-Hs4 [29], and 1,4,7-triazacyclononane [30] to improve the
catalytic activity and extend the substrate scope. Recently, a
breakthrough was achieved by Stahl and coworkers [21-25].
They used N-methylimidazole as an additive in a Cul-bpy/
TEMPO catalyst system for the highly selective and efficient
transformation of a broad range of alcohols, including allylic,
benzyl, and aliphatic derivatives, with heterocycles and other
heteroatom-containing groups. It should be noted that this
catalyst system used non-commercial Cu!(OTf) as the copper
source.

Although significant progress has been made in developing
TEMPO/Cu catalyst systems, readily available systems for the
efficient oxidation of alcohols under mild conditions are still
needed. In our continuing efforts to develop new systems for
oxidation of alcohols catalyzed by TEMPO derivatives [31-34]
and new applications of N4 ligands in different reactions
[8-10], we considered that a tetradentate nitrogen ligand
(Scheme 1) combined with copper(I) ions and TEMPO deriva-
tives might be active in oxidation of alcohols. We found that an
easily obtainable catalyst system comprising Cul, N,N'-dime-
thyl-N,N"-bis(2-pyridylmethyl)ethane-1,2-diamine = (BPMEN),
and 4-OH-TEMPO exhibited high efficiency and wide substrate
scope, including allylic, benzyl, and aliphatic primary alcohols,
at room temperature using air as the oxidant without any addi-
tives such as a base.

2. Experimental
2.1. General information

Gas chromatography-mass spectrometry (GC-MS) was per-
formed using an Agilent Technologies 7890A/5975C system. 1H

copper salt/N, ligand (5%)

R OH TEMPO derivatives (5%) R&O
air, r.t.
R = aryl,allyl
N /N / \ / \ ¢ /
N N NN N N
o 7N 7N [T 7N\
BPMEN BPMPN BPMCN

Scheme 1. Oxidation of alcohols catalyzed by copper salt/TEMPO de-
rivative/N4 ligand. BPMEN = N,N'-dimethyl-N,N"-bis(2-pyridylmethyl)
ethane-1,2-diamine, BPMPN = N,N'-dimethyl-N,N-bis(2-pyridinylme-
thyl) propane-1,3-diamine, BPMCN = trans-N,N'-dimethyl-N,N"-bis(2-
pyridylmethyl)cyclohexane-1,2-diamine.

and 13C nuclear magnetic resonance (NMR) spectra were rec-
orded using a Bruker Avance III 400 MHz spectrometer. The
chemical shifts () are reported in parts per million (ppm) and
coupling constants (/) in Hz. GC analysis was performed using
an Agilent Technologies 6820 instrument with a flame-ioniza-
tion detector. High-resolution (HR) MS was performed using a
Bruker Daltonics micrOTOF-QII mass spectrometer. Ultraviolet
(UV)-visible spectra were recorded using an Agilent Cary 60
spectrometer. Electrochemical measurements were conducted
with a CHI 660E potentiostat using a platinum-button working
electrode, non-aqueous Ag/Ag* reference, and a platinum wire
counter electrode at a scan rate of 100 mV/s. Elemental analy-
sis was performed using a Vario EL cube elemental analyzer.

2.2. Preparation and characterization of ligands and
Cu(BPMEN)I complex

The ligands, i.e, BPMEN, BPMPN, and BPMCN, were synthe-
sized as previously reported [35,36].

BPMEN: 1H NMR (CDCls) 6 = 8.54 (ddd, J = 4.9, 1.7, 0.8 Hz,
2H), 7.63 (td, J = 7.7, 1.8 Hz, 2H), 7.42 (d, ] = 7.8 Hz, 2H), 7.14
(ddd, J = 7.4, 4.9, 1.0 Hz, 2H), 3.69 (s, 4H), 2.65 (s, 4H), 2.28 (s,
6H); 13C NMR (CDCls) 6 = 159.4, 149.1, 136.3, 123.0, 121.9, 64.2,
55.5,42.9.

BPMPN: 1H NMR (CDCls) 6 =8.53 (d,/ = 4.5 Hz, 2H), 7.63 (t,/
= 8.4 Hz, 2H), 7.39 (d, ] = 7.8 Hz, 2H), 7.14 (dd, ] = 6.8, 5.5 Hz,
2H), 3.65 (s, 4H), 2.54-2.44 (m, 4H), 2.25 (s, 6H), 1.83-1.73 (m,
2H); 13C NMR (CDCls) 6 = 159.5, 149.0, 136.3, 123.0, 121.9, 63.9,
55.8,42.5,25.2.

BPMCN: H NMR (CDCls) 6 = 8.42 (dt, /] = 4.9, 1.3 Hz, 2H),
7.53-7.49 (m, 4H), 7.08-7.01 (m, 2H), 3.79 (dd, J = 48.3, 14.6
Hz, 4H), 2.65-2.55 (m, 2H), 2.22 (s, 6H), 1.92 (dd, J = 10.4, 2.4
Hz, 2H), 1.74-1.65 (m, 2H), 1.22 (td, J = 12.3, 6.4 Hz, 2H),
1.13-1.05 (m, 2H); 13C NMR (CDCI3) 6 = 161.2, 148.6, 136.3,
123.0,121.6, 64.5, 60.4, 36.7, 25.8, 25.8.

Cul (0.25 mmol) and BPMEN (0.25 mmol) were added to
CHsCN (1 mL) in an Ar atmosphere, and the mixture was
stirred at room temperature for 2 h. After the reaction, the sol-
vent was removed under vacuum to yield a Cu(BPMEN)I com-
plex, which was then washed with CH3CN and diethyl ether and
dried under vacuum. HRMS (ESI-MS) calcd for Ci6H22CuNa4 [M -
[]*: 333.1121; found: 333.1135. Anal. calcd for CicHz2CuN4l-
0.7MeCN: C 42.84%, H 5.12%, N 13.38%; found C 42.69%, H
4.96%, N 13.45%.

2.3. Typical procedure for oxidation of alcohols

The copper salt and the ligand (each 0.025 mmol) were
added to CH3CN (1 mL) in an Ar atmosphere and stirred for 30
min. Then 4-OH-TEMPO (0.025 mmol) and substrate (0.5
mmol) were added successively, and the mixture was stirred at
room temperature. The reaction progress was checked using
thin-layer chromatography. The reaction conversion and yield
were obtained from GC measurements using nitrobenzene or
nonane as an internal standard, or by column chromatography.

2.4. NMR data of some products
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Phenylpropargyl aldehyde: 1H NMR (CDCl3) 6 = 9.34 (s, 1H),
7.51 (dd, ] = 5.2, 3.2 Hz, 2H), 7.43-7.37 (m, 1H), 7.32 (t, ] = 7.5
Hz, 2H); 13C NMR (CDCls) 6 = 175.7, 132.3, 130.3, 127.7, 118.4,
94.1, 87.4.

a-Methylcinnamaldehyde: 1H NMR (CDCI3) 6 = 9.47 (s, 1H),
7.45-7.39 (m, 2H), 7.38-7.25 (m, 3H), 7.16 (d, ] = 6.7 Hz, 1H),
1.97 (d,]J = 1.3 Hz, 3H); 13C NMR (CDClI3) 6 = 195.5, 149.8, 138.3,
135.2,130.1,129.6,128.7,10.9.

Neral: tH NMR (CDCls) 6 = 9.82 (d, ] = 8.2 Hz, 1H), 5.80 (d, ] =
8.2 Hz, 1H), 5.07-4.99 (m, 1H), 2.51 (t,] = 7.5 Hz, 2H), 2.16 (q, ]
= 7.4 Hz, 2H), 1.91 (d,] = 1.2 Hz, 3H), 1.61 (s, 3H), 1.52 (s, 3H);
13C NMR (CDCI3) 6 = 190.7, 163.7, 133.6, 128.6, 122.3, 32.5,
27.0, 25.6,25.0,17.7.

3. Results and discussion
3.1. Optimization of reaction conditions

Exploratory experiments were performed to test this pro-
tocol and screen the reaction conditions using benzyl alcohol as
the model substrate (Table 1). The copper complex was gener-
ated from a copper salt and N4 ligand, which were stirred for
30 min before every reaction. The copper salt, TEMPO, and N4
ligand were essential in the aerobic oxidation of benzyl alcohol
(Table 1, entries 1-3 vs 15-17). Initially, three different ligands,
BPMEN, BPMPN, and BPMCN (Scheme 1), in combination with
CuBr were used in the oxidation of benzyl alcohol under the

Table 1
Oxidation of benzyl alcohol catalyzed by TEMPO/copper salt/N4 ligand,
using air as oxidant.

Entry Cu salt Solvent Conversion® (%) Yield2(%)
1 CuBr CH3CN 69 (88) 66 (86)°
2 CuBr CH3CN 37(77) 33 (75)¢
3 CuBr CH3CN 71 (>99) 69 (99)
4 CuBr CH2Cl; 35 32

5 CuBr THF 52 48

6 CuBr DMF 46 40

7 CuBr hexane — —

8 CuBr 1,4-dioxane 18 17

9 CuBr toluene 29 28

10 CuBr DMSO 55 46

11 CuBr acetone 60 50

12 Cul CHsCN 94 92

13 CuCl CH3CN 49 46

14 Cu(MeCN)4BF4 CHsCN 51 46

15 Cul CH3CN 9 8d

16 — CH3;CN — 0e

17 Cul CH3CN 10 7f

18 CuCl; CH3CN trace trace

19 CuBr» CH3CN trace trace

Reaction conditions: CuX (10%) and BPMEN (10%) in 1 mL of solvent
were stirred for 30 min at room temperature under Ar; benzyl alcohol
(0.5 mmol) and TEMPO (10%) were added, and the mixture was stirred
for another 30 min in air.

aConversion and yield were determined by GC using nitrobenzene as
the internal standard. The number in parentheses indicates a reaction
time of 50 min.

bBPMPN was used instead of BPMEN.

¢BPMCN was used instead of BPMEN.

dStirring at rt for 24 h without TEMPO.

eStirring at rt for 24 h without Cul and BPMEN.

fStirring at rt for 24 h without BPMEN.

same conditions; BPMEN proved to be the best ligand choice
(Table 1, entries 1-3), giving 99% yield after prolonging the
reaction time to 50 min (Table 1, entry 3). A series of organic
solvents were then systematically investigated (Table 1, entries
3-11). The results indicated that the solvent had a significant
effect on the oxidation reaction, and 69% yield was obtained in
CH3CN within 30 min. The oxidation did not proceed in hexane;
this may be attributable to the insolubility of the in
situ-generated copper complex or failure to form the corre-
sponding copper complex. A series of copper salts, i.e.,, CuCl,
Cul, and Cu(MeCN)4BF4, were also screened; the best catalytic
performance was obtained using Cul as the copper source
(Tabel 1, entries 3 and 12-14). CuClz and CuBr2 were inert in
the reaction, unlike the case for the bpy-Cu system reported by
Stahl et al. [21].

The effects of TEMPO derivatives on the reaction were also
examined. Most tested TEMPO derivatives gave above 90%
conversions and yields, except 4-CH3S020-TEMPO (Table 2,
entries 1-7). 4-OH-TEMPO gave nearly quantitative conversion
and yield and proved to be the most efficient TEMPO derivative
when the oxidation was carried out in the presence of 10% Cul
and BPMEN in air for 30 min. The 4-OH-TEMPO, Cul, and
BPMEN loadings were then screened (Table 2, entries 8-10). A

Table 2
Oxidation of benzyl alcohol catalyzed by different TEMPO derivatives.

Entry R-TEMPO t/h  Conversion® (%) Yield2(%)
1 TEMPO 0.5 94 92
2 0 05 95 91
@ﬁ—o N-O
o
3 0.5 90 89
HaCO N-O
4 - 0.5 96 94
o N-0
5 o 0.5 76 70
—§-0 N-0
o}
6 0.5 96 93
>/~HN N-O-
0
7 0.5 >99 99
HO N-O-
8 0.5 99 91b
HO N-O
9 1.5 99 88¢c
HO N-O'
10 1 99 994d
HO N-O:

Reaction conditions: Cul (10%) and BPMEN (10%) in 1 mL of solvent
were stirred for 30 min at room temperature in Ar; benzyl alcohol (0.5
mmol) and R-TEMPO (10%) were added, and the mixture was stirred
for another 30 min in air.

aConversion and yield were determined by GC using nitrobenzene as
the internal standard.

bCul (5%), BPMEN (5%), and HO-TEMPO (10%) were used.

¢Cul (2%), BPMEN (2%), and HO-TEMPO (10%) were used.

dCul (5%), BPMEN (5%), and HO-TEMPO (5%) were used.
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91% yield was still achieved with 5% Cul, 5% BPMEN, and 10%
4-OH-TEMPO under the same conditions (Table 2, entry 8).
When the loadings of Cul and BPMEN were further reduced to
2%, a comparable yield was obtained by prolonging the reac-
tion time to 1.5 h (Table 2, entry 9). Overall, the reaction pro-
ceeded smoothly with 5% each of 4-OH-TEMPO, Cul, and
BPMEN, giving 99% yield of aldehyde in 1 h (Table 2, entry 10).

3.2. Substrate scope and limitations

To examine the utility and generality of the catalyst system
in the oxidation of alcohols, we used it for the oxidation of var-
ious alcohols; the results are summarized in Table 3. All the
primary aromatic alcohols with either electron-donating or
electron-withdrawing groups on the benzene ring were
smoothly converted to aldehydes, giving more than 85% yields
of the desired products; no over-oxidization products were
detected. It was found that the electronic properties and steric
hindrance of the substituents on the benzene ring influence the
reactivity of primary benzyl alcohols; for example, the reactivi-
ty of p-OMe-benzyl alcohol was better than those of o- and
m-OMe-benzyl alcohol (Table 3, entries 2-4). Benzyl alcohols
bearing more electron-donating groups on the benzene ring
exhibited higher reactivitiy (Tabel 3, entries 2-4 vs 5 and 6).

Moreover, stronger electron-donating groups promoted oxida-
tion (Table 3, entries 2-4 vs 7 and 8).

Primary aromatic alcohols with electron-withdrawing
groups on the benzene ring had poorer activity than the oppo-
site ones, but comparable yields were obtained by prolonging
the reaction time to 24 h in an oxygen atmosphere (Table 3,
entries 9-12). A series of heterocyclic benzyl alcohols were also
tested. Furfuryl alcohol and 2-thiophenemethanol gave yields
of more than 90% (Table 3, entries 13 and 14), but only 8%
yield of the desired product was obtained using pyri-
dine-2-methanol as the substrate (Table 3, entry 15). The pre-
sent protocol was also applicable to the oxidation of allylic al-
cohols such as cinnamyl alcohol, nerol, and 2-methyl-3-phe-
nyl-2-propen-1-ol and gave good conversions (Table 3, entries
16-18). Propargyl alcohols such as 3-phenylprop-2-yn-1-ol
also tolerated the optimized reaction conditions, affording the
corresponding aldehyde in 51% yield (Table 3, entry 19). Un-
fortunately, the catalyst system was unsuitable for the oxida-
tion of aliphatic alcohols and secondary alcohols, giving only
15% phenylacetaldehyde and 7% acetophenone, respectively
(Table 3, entries 20 and 21).

The different reactivity of benzyl, allylic, and secondary al-
cohols suggest that the designed oxidation system should be
chemoselective. We chose an equimolar mixture of benzyl al-

Table 3
Catalytic aerobic oxidation of various alcohols.
Entry Substrate Product t/h  Yield2(%) | Entry Substrate Product t/h  Yield2(%)
1 ©/\OH @Ao 1 99 12 /@AOH /@Ao 24 90®
Br Br
2 OCH, OCH;, 3 85 13 OH =0 4 97¢
OH X =
o -
@ 0 <
3 ©ﬁ0H o 3 87 14 OH =0 3 92
OCHj OCH; S <
4 /@ﬁw @AO 3 93 15 | X | X 24 8
HaCO HaCO N NP
5 Hsco]&OH HsCOmo 2 97 16 @_\\_\ @_\\_\ 3 90
HsCO OCHs H,CO OCHs OH )
6 H4CO on HasCO ~0 2 90 17 <;>_\>j @_\>_\ 3 71
Ha,CO H,CO OH Y%
OCHs OCHs
“ =
8 OH o 4 86 19 < > _ _ 24 51b
OH \o
9 @ﬂm /@Ao 24 89b 20 @NOH 0 24 154
cl cl Ej/V
10 ©/\OH QAO 24 87b 21 OH % 24 74
cl cl ©)\ Ej)K
11 @(\OH X0 24 85b
Br Br

Reaction conditions: Cul (5%) and BPMEN (5%) in 1 mL of solvent were stirred for 30 min at room temperature in Ar; benzyl alcohol (0.5 mmol) and

4-OH-TEMPO (5%) were added, and the mixture was stirred for a certain time in air at room temperature.

a[solated yield. ®Reaction conditions: 25 °C with oxygen balloon. ¢ Determined by GC. ¢ Reaction conditions: 50 °C with oxygen balloon.
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cohol and 1-phenylethanol (0.5 mmol each) as intermolecular
oxidation substrates for the reaction under the optimized reac-
tion conditions. The benzyl alcohol was completely trans-
formed to benzaldehyde and 1-phenylethanol was recovered
completely after 0.5 h. These results clearly demonstrate the
excellent chemoselectivity of the Cu(BPMEN)I/TEMPO system
in the aerobic oxidation of alcohols, providing considerable
potential advantages in synthetic organic chemistry.
Semmelhack et al. [19] proposed that an oxoammonium
species was involved in CuCl/TEMPO-catalyzed aerobic alcohol
oxidation with DMF as the solvent, and oxoammonium in-
volvement in alcohol oxidation is well known in many catalyst
systems [37-39]. Based on Kkinetic experiments, Stahl et al.
[21-25] showed that TEMPO* is not the active oxidant in the
Cul(bpy)/TEMPO catalyst system. Their electrochemical stud-
ies also indicated that copper(Il) cannot oxidize TEMPO to
TEMPO* under their reaction conditions. Based on the similar-
ity to Stahl's system [21-25], electrochemical experiments
were performed on a CH3CN solution of Cul, BPMEN, and
4-OH-TEMPO (each 0.06 mmol) after stirring at room temper-
ature for 5 min in Ar atmosphere. The cyclic voltammogram of
our developed system shows reversible redox potentials at
0.35 and -0.09 V (vs Fc*/Fc), corresponding to 4-OH-TEMPO+/
4-OH-TEMPO and Cu!l/Cul, respectively (Fig. 1). In the case of
4-OH-TEMPO+/4-OH-TEMPO, the one-electron reduction po-
tential is approximately equal to that observed with a solution

20l  cuYcy! 4-OH-TEMPO'/4-OH-TEMPO

Current (nA)
\®)
2

8oL

s 1 s 1 s 1 s 1 s 1 s 1 s

06 -04 -02 0.0 0.2 0.4 0.6 0.8
Potential vs Fc'/Fc (V)

Fig. 1. Cyclic voltammogram of Cu(BPMEN)I/4-OH-TEMPO in CH3CN
under Ar. Conditions: 0.6 mmol Cul, 0.6 mmol BPMEN, 0.6 mmol
TEMPO, 300 mg LiClO4, scan rate 100 mV/s.

60
40

20+

Current (pA)
=
T

_607 . 1 . | . | . | . I . I
-0.2 0.0 0.2 0.4 0.6 0.8 1.0
Potential vs Fc'/Fc (V)

Fig. 2. Cyclic voltammogram of 4-OH-TEMPO under Ar.

containing only 4-OH-TEMPO (Fig. 2). However, the one-elec-
tron reduction potential shifts from 0.3 to -0.09 V (vs Fc*/Fc)
in the presence of BPMEN (Figs. 3 and 4). This indicates that
the BPMEN ligand coordinated with Cul, leading to an increase
in the overall electron density of the metal ion, resulting in a
large negative shift in the reduction potential. This finding is in
good accord with Stahl’s system [21]. Copper(Il) cannot oxidize
4-OH-TEMPO to 4-OH-TEMPO* in our catalyst system.
Electron-spray ionization (ESI)-MS is an effective method
for the characterization of reaction mechanisms [40]. An
equimolar mixture of Cul and BPMEN was stirred for 30 min,
and a major peak appeared at Mr/z = 333.1121; it was assigned
to [Cu(BPMEN)]* (calculated: Mr/z = 333.1135). The formation
of the Cu(BPMEN)I complex was also confirmed by elemental
analysis. Then 4-OH-TEMPO was added to a copper complex
generated from Cul and BPMEN and exposed to air or Ar. The
peak corresponding to 4-OH-TEMPO ([M + Na]* M:/z =
195.1227) was not detected when the system was exposed to
air, but the 4-OH-TEMPO peak was clearly observed under Ar.
These results indicate that the transformation of 4-OH-TEMPO
must be assisted by both the Cu(BPMEN)I complex and oxygen.
UV-visible spectroscopy was also performed to obtain an in-
sight into the mechanism. An equimolar mixture of Cul and
BPMEN (5 mmol/L in CH3CN) was stirred in Ar atmosphere for
30 min; the maximum absorption was located at 705 nm
(Cu(BPMEN)I complex); the maximum absorption of
4-OH-TEMPO (5 mmol/L in CH3CN) added to the above mixture
in air was 810 nm (Fig. 5). When oxidation took place after the

40

201

Current (pA)

'60 1 L 1 L 1 L | s | s
0.0 0.1 02 03 04 05 06
Potential vs Fc'/Fe (V)

Fig. 3. Cyclic voltammogram of Cul under Ar.

Current (nA)
)
T

_807 L L L L L L 1 L 1 L 1
03 02 01 00 01 02

Potential vs F¢'/Fe (V)
Fig. 4. Cyclic voltammogram of Cul + BPMEN (1:1) under Ar.
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—
ESN

------- L (ligand)

---- L+Cul
L+Cul+4-OH-TEMPO
o L+Cul+4-OH-TEMPO+Sub
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—_
[\
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—

o
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o
o

500 600 700 800 900 1000
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Fig. 5. UV-vis spectra in CH3CN. Conditions: 5 mmol/L BPMEN, 5
mmol/L Cul, 5 mmol/L 4-OH-TEMPO in CH3CN.

addition of benzyl alcohol, the intensity of the absorption peak
at 810 nm gradually decreased, and a new shoulder appeared
at 675 nm as the reaction proceeded. This indicates that the
species causing the absorption at 810 nm may be the real in-
termediate responsible for the oxidation of alcohols.

4. Conclusions

We developed an easily obtained and efficient catalyst sys-
tem consisting of Cul, BPMEN, and 4-OH-TEMPO for aerobic
oxidation of primary alcohols under mild conditions. In all cas-
es, primary benzyl and allylic alcohols were selectively oxidized
to the corresponding aldehydes, and no over-oxidized products
such as carboxylic acids were observed. The catalyst system
exhibited excellent chemoselectivity for the oxidation of pri-
mary alcohols. Electrochemical experiments further revealed
that copper(II) was not able to oxidize 4-OH-TEMPO to 4-OH-
TEMPO*. HRMS confirmed that the transformation of 4-OH-
TEMPO must be assisted by both the Cu(BPMEN)I complex and
air. The UV-visible spectra clearly indicated that a new species
was formed in the presence of the Cu(BPMEN)I complex and
4-OH-TEMPO in air, which showed good reactivity in alcohol
oxidation. More investigations of the proposed mechanism and

application of the Cu(BPMEN)I/4-OH-TEMPO) catalyst system
to oxidation reactions are underway in our laboratory.
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Cul/N4 ligand/TEMPO derivatives: A mild and highly efficient system for aerobic oxidation of primary alcohols
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A copper(I) complex generated in situ from N,N'-dimethyl-N,N"-bis(2-pyridylmethyl)ethane-1,2-diamine (a tetradentate nitrogen) ligand
and Cul in combination with 4-OH-TEMPO catalyzed the aerobic oxidation of primary benzyl and allyl alcohols at room temperature.
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