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A new and highly efficient water-soluble copper complex for
the oxidation of secondary 1-heteroaryl alcohols by

tert-butyl hydroperoxide
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Abstract—The water-soluble copper complex generated in situ from CuCl2 and 2,2 0-biquinoline-4,4 0-dicarboxylic acid dipotassium
salt (BQC), has been revealed as a highly efficient and selective catalyst for the oxidation of secondary 1-heteroaryl alcohols to the
corresponding heteroaromatic ketones with aqueous tert-butyl hydroperoxide, under mild conditions. The catalytic system is com-
patible with different heterocycles such as pyridines, pyrroles, indoles, thiophens, furans, thiazoles, and imidazoles.
� 2006 Elsevier Ltd. All rights reserved.
Aqueous organometallic catalysis is an elegant approach
for heterogenization of homogeneous catalysts that is
emerged as an active field of research in green chemis-
try.1 The selective oxidation of alcohols to the corre-
sponding aldehydes and ketones is one of the most
fundamental reactions in organic synthesis.2 Much
attention has, thus, shifted toward the development of
environmentally benign processes.3 Despite the evident
ecological and economical advantages of aqueous phase
catalysis very few water-soluble catalysts have been
reported for the oxidation of alcohols in water.4

A wide variety of organic compounds containing hetero-
cyclic moieties are of great interest due to their optic,
electronic, and mainly biological properties.5 Conse-
quently, the synthesis of heterocyclic compounds is a
very active field in medicinal chemistry and different
methods have been developed for the functionalization
of heterocycles. 1-Heteroaromatic ketones are among
the most important functionalized heterocycles that
are essential precursors to a variety of biologically active
compounds such as alkaloids. 1-Heteroaromatic ketones
are frequently prepared by Friedel–Crafts acylation of
heteroaromatic rings,6 condensation of metalated hetero-
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cycles with nitriles,7 and stoichiometric oxidations
of 1-heteroaromatic-1-alkanols.8 Although a plethora
of catalytic methods have been developed for the oxida-
tion of alcohols, the catalytic oxidations of 1-hetero-
aromatic alcohols to the corresponding ketones are
limited.9 Recently, we discovered that the water-soluble
catalytic system composed of [Ir(COD)Cl]2 and BQC
(2,2 0-biquinoline-4,4 0-dicarboxylic acid dipotassium
salt), catalyzes efficiently the Oppenauer-type oxidation
of secondary alcohols including 1-(2-furyl) and 1-(2-thi-
enyl)-1-alkanols.4a In contrast, the water-soluble palla-
dium complexes reported by Sheldon and co-workers
for the aerobic oxidation of alcohols in water failed to
catalyze the oxidation of alcohols containing other func-
tional groups such as 1-(3-pyridyl)ethanol.4d,e To the
best of our knowledge, there are no other reports
concerning the catalytic oxidation of secondary 1-hetero-
aromatic-1-alkanols based on water-soluble catalysts.

We have previously reported different catalytic transfor-
mations in water.4a–c,10 We disclosed the water-soluble
CuCl2/BQC as a highly effective catalyst for the oxida-
tion of secondary benzylic, allylic and propargylic alco-
hols with TBHP. The catalytic system is very cheap,
stable and can be recycled several times without loss
of activity.4b The above-mentioned advantages of
CuCl2/BQC coupled with those of TBHP,11 the effi-
ciency of TBHP for the CrO3-catalyzed oxidation of
oxazolopyridylcarbinols,9a and the fact that a general
oxidation of heterocyclic alcohols is not developed in
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water, prompted us to investigate the catalytic activity
of CuCl2/BQC/TBHP system for the oxidation of 1-het-
eroaryl-1-alkanols. In this letter, we are pleased to dis-
close an unprecedented general and highly efficient
method for the catalytic oxidation of secondary 1-het-
eroaromatic-1-alkanols in water.12

The oxidation of 1-(4-pyridyl)-1-alkanols (2 mmol) with
aqueous tert-butyl hydroperoxide (TBHP) (3 equiv,
6 mmol) in the presence of CuCl2 (0.02 mmol), BQC
(0.02 mmol), tetrabutylammonium chloride (TBAC)
(0.06 mmol), and Na2CO3 (1 mmol) in distilled water,
proceeds smoothly at room temperature affording the
Table 1. Oxidation of various 1-heteroaryl-1-alkanols with TBHP catalyzed

Entry Substrate T (�C)b Yield (%)

1

N

OH

rt 100

2

OH

N

rt 100

3

OH

N

rt 100

4

OH

N

rt (40) 67 (80)

5

OH

N

rt (40) 78 (100)

6

OH

N

rt 100

7

OH

N

rt (40) 11 (35)

8

OH

N

rt (40) 11 (39)

9

OH

N

rt (40)
40c

0 (33)
100

10

OH

N

rt (40)
40c

0 (20)
100

11 S
OH

rt 100

12 S
OH

rt (40) 100 (100)

a Reaction conditions: substrate (2 mmol), BQC (0.02 mmol), CuCl2 (0.02 m
(5 mL), 24 h.

b Reaction performed at room temperature (rt) or at 40 �C.
c BQC (0.04 mmol), CuCl2 (0.04 mmol), and the reaction time is 48 h.
corresponding 4-pyridyl ketones with full conversions
(Table 1, entries 1–3). These excellent results indicate
that the catalytic oxidation is not influenced by the pres-
ence of nitrogen atom, which is located far from the car-
binol moieties. To study the effect of nitrogen position in
the ring, various 3- and 2-pyridylcarbinols were pre-
pared and oxidized under same conditions. While 1-phe-
nyl-1-(3-pyridyl)methanol was fully oxidized at room
temperature, 1-(3-pyridyl)-1-butanol and 2-methyl-1-
(3-pyridyl)-1-propanol were converted, respectively,
with 67% and 78% yields (Table 1, entries 4–6), and
excellent yields were obtained at 40 �C. In the case of
2-pyridylcarbinols, where the nitrogen atom is very close
by CuCl2Æ2H2O/BQCa

Entry Substrate T (�C) Yield (%)

13 S
OH

rt 100

14 O
OH

rt (40) 40 (80)

15 O
OH

rt (40) 57 (89)

16
H
N

OH
rt (40) 40 (64)

17
H
N

OH
rt (40) 54 (83)

18
H
N

OH
rt (40) 53 (77)

19
N

OH
40 78

20 N

OH

40 100

21

N

OH
S 40 93

22

S OH

N
N

40 100

23

S OH

N
S

40 100

mol), Na2CO3 (1 mmol), TBAC (0.06 mmol), TBHP (6 mmol), water
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to the hydroxyl groups, the reactions are sluggish and
very poor results were obtained at room temperature
(Table 1, entries 7–10). Better results were obtained by
increasing the reaction temperature to 40 �C. However,
the yields are still low ranging from 20% to 39%.
Remarkably, the oxidation performed using higher cat-
alyst/substrate ratio, and longer reaction time led to full
conversion of the alcohols (Table 1, entries 9 and 10).

To further explore the efficiency of our catalytic system,
the oxidation of hereroaromatic alcohols was extended
to 2-thienyl and 2-furyl-1-alkanols (Table 1, entries
11–15). While 2-thienyl alcohols are fully converted at
room temperature, 2-furyl analogs are moderately trans-
formed to the corresponding ketones. Fortunately,
excellent yields were achieved at 40 �C (Table 1, entries
14 and 15).

To evaluate the synthetic potential of CuCl2/BQC/
TBHP system, a range of 2-pyrrolyl and indolyl-1-alka-
nols were investigated. Excellent yields were reached in
all the cases at 40 �C (Table 1, entries 16–20). These
results indicate the significant synthetic utility of our
system since the oxidations of 2-pyrrolyl alcohols were
performed with free (NH)-pyrroles, and there was no
need to introduce protecting groups. Furthermore, 2-
ketopyrroles,6e,f and 2-ketoindoles6f–h,13 are known
for their biological properties. These latter compounds
are generally prepared by the oxidation of the corre-
sponding alcohols using stoichiometric amounts of
PDC.13

In a similar manner, this system allows the synthesis
of bis heteroaromatic ketones in very high yields demon-
strating its broad synthetic scope. Thus, ketones
containing 2-thienyl moieties coupled with 2-pyridyl,
2-imidazolyl, or 2-thiazolyl group were successfully
prepared (Table 1, entries 21–23).

In conclusion, the catalytic system composed of CuCl2
and 2,2 0-biquinoline-4,4 0-dicarboxylic acid dipotassium
salt (BQC), was found to be highly efficient for the selec-
tive oxidation of secondary 1-heteroaromatic-1-alkanols
to the corresponding heteroaromatic ketones, with
aqueous tert-butyl hydroperoxide. The catalytic system
is compatible with various heterocycles such as 2-, 3-,
and 4-pyridines, thiophens, furans, pyrroles, indoles,
imidazoles, and thiazoles.
Acknowledgements

We are grateful to NSERC of Canada and to FESR for
financial support of this research.
References and notes

1. (a) Cornils, B. Org. Proc. Res. Dev. 1998, 2, 121; (b) Nait
Ajjou, A.; Howard, A. J. Am. Chem. Soc. 1998, 120, 1466;
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159, 427; (b) Choudary, B. M.; Sateesh, M.; Lakshmi
Kantam, M.; Ranganath, K. V. S.; Raghavan, K. V.
Catal. Lett. 2001, 76, 231; (c) Isaev, Y.; Fripiat, J. J. J.
Catal. 1999, 182, 257; (d) Viaud, M. C.; Jamoneau, P.;
Baudin, M.-L.; Savelon, L.; Guillaumet, G. Tetrahedron
1997, 53, 5159; (e) Yadav, J. S.; Reddy, B. V. S.; Kondaji,
G.; Srinivasa Rao, R.; Praveen Kumar, S. Tetrahedron
Lett. 2002, 43, 8133; (f) Katritzky, A. R.; Suzuki, K.;
Singh, S. K.; He, H.-Y. J. Org. Chem. 2003, 68, 5720; (g)
Yeung, K.-S.; Farkas, M. E.; Qiu, Z.; Yang, Z. Tetra-
hedron. Lett. 2002, 43, 5793; (h) Cruz, R. P. A.; Ottoni, O.;
Abella, C. A. M.; Aquino, L. B. Tetrahedron. Lett. 2001,
42, 1467; (i) Chatani, N.; Fukuyama, T.; Tatamidani, H.;
Kakiuchi, F.; Murai, S. J. Org. Chem. 2000, 65, 4039.

7. (a) Chinchilla, R.; Najera, C.; Yus, M. Chem. Rev. 2004,
104, 2667; (b) Marcantonio, K. M.; Frey, L. F.; Murry, J.
A.; Chen, C.-Y. Tetrahedron Lett. 2002, 43, 8845; (c) Frey,
L. F.; Marcantonio, K. M.; Chen, C.-Y.; Wallace, D. J.;
Murry, J. A.; Tan, L.; Chen, W.; Dolling, U. H.;
Grabowski, E. J. J. Tetrahedron 2003, 59, 6363; (d) Chen,
C.-Y.; Reamer, R. A.; Chilenski, J. R.; McWilliams, C. J.
Org. Lett. 2003, 5, 5039.

8. Kernag, C. A.; Bobbitt, J. M.; McGrath, D. V. Tetra-
hedron. Lett. 1999, 40, 1635, and references cited therein.

9. (a) Nait Ajjou, A.; Muzart, J.; Savelon, L.; Guillaumet, G.
Synthesis 1994, 359; (b) Liu, R.; Liang, X.; Dong, C.; Hu,
X. J. Am. Chem. Soc. 2004, 126, 4112; (c) Ansari, I. A.;
Gree, R. J. Org. Lett. 2002, 4, 1507; (d) Markó, I. E.;
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