’0:0 Scientific
&. 9. Research
0.:. Publishing

Retraction Notice

Title of retracted article: Water-Soluble Copper Complex Catalyzed Solvent-Free Green

Oxidation of Alkylarenes with tert-Butyl Hydroperoxide

Author(s): Abdelaziz Nait Ajjou*, Ateeqg Rahman

* Corresponding author. Email: naitaja@umoncton.ca

Journal: Modern Research in Catalysis

Year: 2013

Volume: 2

Number: 22

Pages (from - to): 36-41

DOI (to PDF): http://dx.doi.org/ 10.4236/mrc.2013.22A006
Paper ID at SCIRP: 32938

Article page: http://www.scirp.org/Journal/PaperInformation.aspx?PaperID=32938
Retraction date: 2018-04-26

Retraction initiative (multiple responses allowed; mark with X):

|
X
|

All authors

Some of the authors:

Editor with hints from O Journal owner (publisher)
O Institution:
O Reader:
O Other:

Retraction type (multiple responses allowed):

O

|
|
|
|
|
|
a

Unreliable findings

O Lab error O Inconsistent data O Analytical error O Biased interpretation
O Other:

Irreproducible results

Failure to disclose a major competing interest likely to influence interpretations or recommendations
Unethical research

Fraud

O Data fabrication O Fake publication O Other:

Plagiarism [J Self plagiarism O] Overlap [0 Redundant publication *
Copyright infringement [J Other legal concern:

Editorial reasons
O Handling error O Unreliable review(s) O Decision error O Other:

Other:

Results of publication (only one response allowed):

X
(]

are still valid.
were found to be overall invalid.

Author's conduct (only one response allowed):

O
O
X

honest error
academic misconduct
none (not applicable in this case — e.g. in case of editorial reasons)

Also called duplicate or repetitive publication. Definition: "Publishing or attempting to publish substantially the same
work more than once."



\/
’0 @ Scientific
¢ Research

0.:. Publishing

History

Expression of Concern:

I yes, date: yyyy-mm-dd
X no

Correction:
I yes, date: yyyy-mm-dd
X no

Comment:

The paper is withdrawn from "Modern Research in Catalysis" due to personal reasons from
the corresponding author of this paper.

This article has been retracted to straighten the academic record. In making this
decision the Editorial Board follows COPE's Retraction Guidelines. The aim is to
promote the «circulation of scientific research by offering an ideal research
publication platform with due consideration of internationally accepted standards on
publication ethics. The Editorial Board would like to extend its sincere apologies for
any inconvenience this retraction may have caused.

Editor guiding this retraction: Anita LIU (Editorial Assistant of MRC)


http://publicationethics.org/files/retraction%20guidelines.pdf

Modern Research in Catalysis, 2013, 2, 36-41

doi:10.4236/mrc.2013.22A006 Published Online June 2013 (http://www.scirp.org/journal/mrc)

S Scientific
(> )
+* Research

Water-Soluble Copper Complex Catalyzed
Solvent-Free Green Oxidation of Alkylarenes
with tert-Butyl Hydroperoxide

Abdelaziz Nait Ajjou’, Ateeq Rahman

Department of Chemistry and Biochemistry, University of Moncton, Moncton, Canad.
Email: naitaja@umoncton.ca

Received April 2, 2013; revised May 4, 2013; accepted May 27, 201

Copyright © 2013 Abdelaziz Nait Ajjou, Ateeq Rahman. This is an open access article distribufed un
tribution License, which permits unrestricted use, distribution, and reproduction in any medi rovi

erly cited.

ABSTRACT

Different benzylic compounds were efficiently oxidized to the corr
droperoxide (TBHP) and the catalytic system composed of C
dipotassium salt (BQC). The catalytic system CuCl,/BQC/TB
der solvent-free conditions. The interest of this system lies in

termediates. Analysis of organic products by atomic @
terms of efficiency, CuCl,/BQC system is comparabl
literature and which are based on toxic organic solvent.

Keywords: Oxidation; Water-Soluble C
2,2’-Biquinoline-4,4’-Dicag

1. Introduction

Ketones are one of the mo
compounds. They are
a variety of polymer,

and Grignard with nitriles, oxidation of alcohols include-
ing Oppenauer-type reaction [3], and oxidation of me-
thylenes.

The oxidation of hydroxyl and methylene groups to
the corresponding carbonyl moieties remains one of the
most fundamental and indispensable reactions in organic
synthesis [4,5]. For such processes, the utilization of at
least stoichiometric amounts of often toxic oxidants, es-

“Corresponding author.
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pecially chromium (VI) reagents, remains widespread [6].
Safety hazards associated with these oxidants and their
toxic by-products, and the difficulty to work-up the reac-
tion mixtures are the major problems of such processes.
As a consequence for the increasing demand for cleaner,
efficient, and environmentally friendly oxidations, dif-
ferent catalytic methods using small amounts of metallic
derivatives and clean oxidants have been developed
[4,7,8]. Thanks to its price relatively low and its reduced
form which can be recycled, fert-butyl hydroperoxide
(TBHP) has been studied for benzylic oxidation in com-
bination with different transition-metal catalysts such as
Cr, Co, Mn, Fe, Ru, Rh, Au, and Cu [7-27]. Despite the
economic and environmental benefits of copper-based
catalysts compare to the other transition metals that are
either toxic or very expensive, their use for benzylic oxi-
dations is not abundant [28,29]. With all these metals, the
vast majority of catalytic processes are, unfortunately,
performed in costly and toxic organic solvents. Further-
more, in the homogeneous processes, the separation of
the catalysts from the reaction products and their quanti-
tative recovery in an active form are cumbersome. Very
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few organic solvent-free processes have been reported
for benzylic oxidation with TBHP [26,27]. However,
these processes are based on high temperatures and are
limited to very few substrates. Aqueous organometallic
catalysis that was emerged as an active field of research
in green chemistry is an excellent approach to overcome
these drawbacks [30-33]. The use of water as solvent is
important for economical, safety, and environmental
reasons. The water-soluble catalyst which operates and
resides in water is ecasily separated from the reaction
products by simple decantation. In addition, the products
are not contaminated with traces of metal catalyst, and
the use of organic solvents, such as benzene and chlorin-
ated hydrocarbons is circumvented. Despite the evident
ecological and economical advantages of aqueous phase
catalysis, to the best of our knowledge there are no re-
ports concerning selective oxidation of alkylarenes to
benzylic ketones in water at room temperature and based
on copper catalysts. In the past years, we developed dif-
ferent catalytic transformations in water including the
hydration of nitriles to the corresponding amides cata-
lyzed by [Rh(COD)Cl],/P(m-CsH4SO;Na); (TPPTS) [34],
the transfer hydrogenation of aldehydes and ketones with
isopropanol catalyzed by water-soluble rhodium com-
plexes [35], Oppenauer-type oxidation of alcohols [36,
and reductive amination of ketones [38]. We disclo
also the water-soluble CuCl,/BQC as a highly effecti
catalyst for the oxidation of secondary benzyli

are pleased to report
dented, general, and
epf-free catalytic oxidation

All the substrates, Copper chloride dihydrate, 2,2’-biqui-
noline-4,4’-dicarboxylic acid dipotassium salt (BQC),
tetrabutylammonium chloride (TBAC), sodium carbonate,
and aqueous 70% tert-butyl hydroperoxide were pur-
chased from Aldrich Chemical Co. and used without
further purification.

Routine NMR measurements were performed on a
Bruker AC-200 spectrometer at 200 MHz and 50 MHz,
respectively, for 'H and "°C, using TMS as internal stan-

Copyright © 2013 SciRes.

dard and CDCI; as solvent.

2.2. Typical Procedurefor the Oxidation of
Alkylarenes

Into an open 25 mL round-bottom flask charged with
distilled water (5 mL), CuCl,22H,O (0.02 mmol),
Na,COs (0.14 mmol), and BQC (0.02 mmol), was added
TBAC (0.06 mmol). The green-blue solution was stirred
for 5 minutes then the substrate (2 mmol) was introduced
followed by aqueous 70% TBHP y

temperature. At the end of the
still purple. The products

ylbenzene (1). Thus, the oxidation of 1 (2
wol) with aqueous 70% tert-butyl hydroperoxide (2

chloride (0.06 mmol), and Na,CO; (0.14 mmol) in dis-
tilled water, proceeds smoothly at room temperature, will
full conversion, affording acetophenone (79%), 1-tert-
butylperoxy-ethylbenzene (11%), and I1-phenylethanol
with 10% yield (Table 1, entry 1). The catalytic activity
and yields were not affected by scaling up the oxidation
to a gram-scale of substrate (Table 1, entry 2). When the
reaction was performed using 3 and 4 equivalents of
TBHP, the amounts of acetophenone collected increased
in detriment of 1-fert-butylperoxy-ethyl-benzene and
I-phenylethanol which decreased markedly, and 98%
yield was achieved with 4 equivalents of TBHP (Table 1,
entries 3 and 4). Since we demonstrated in our previous
works that the catalytic system can be recycled effi-
ciently for the oxidation of alcohols [39] and propargylic
methylenes [41], no recycling experiments have been
attempted in this project. The analysis of organic prod-
ucts by atomic absorption, however, did not show any
contamination of acetophenone with copper.

To evaluate the synthetic potential of CuCl,/BQC sys-
tem, various alkylarenes were subjected to the oxidation
with two to four equivalents of aqueous 70% TBHP.
Thus, indane (2), tetralin (3), fluorene (4), diphenyl-
methane (5), deoxybenzoin (6), 6-methoxytetralin (7),
and phthalan (8) were studied, and the best results are
summarized in Table 2. The oxidation of benzylic me

MRC



38 A.N. AJJOU, A. RAHMAN

Table 1. Oxidation of ethylbenzene (1) with aqueous 70% TBHP catalyzed by CuCl,-2H,0/BQC?,

Entry TBHP (equiv) Conversion (%) Yield (%)
o] OOtBu OH
Ph)kCHs Ph/KCHg Ph CHa
1 2 100 79 11 10
2° 2 100 76 12 10
3 3 100 84 8 6
4 4 100 98 Traces Traces

“Reaction conditions: Ethylbenzene (2 mmol), BQC (0.02 mmol), CuCl,-2H,0 (0.02 mmol), Na,COj3 (0.14 mmol), TBAC (0.06
to 8 mmol), water (5 mL), RT, 17 hours. *The reaction was up scaled 5 times.

0% TBHP (4

Entry Substrate TBHP (equiv) Conversion (%)
e}
N .
1 ®E> 2 100 92
2 ©E> 3 100 races Traces
3 @Q 3 94 64 15 12
4 @O 2 80 56 12 10
5 ©\A/| 10 Traces
6 5 0
7 0 0
8 5 0
9 7 0
10 94 94 0 0
78 56 (39/17)° 14° 8
98 58 (50/8)%¢ 20° 0
13" 100 70 - -

"Reaction conditions:
mmol), water (5 mL

strate (2 mmol), BQC (0.02 mmol), CuCl,-2H,0 (0.02 mmol), Na,CO; (0.14 mmol), TBAC (0.06 mmol), aqueous 70% TBHP (4 to 8
T, 17 hours. "The reaction was performed without Na,COs. °2,3-Dihydro-1,4-naphthoquinone was also obtained in 6% yield. *Ratio of

6-Methoxy-1-tetralone/7-methoxy-1-tetralone. °A mixture of 1-tert-butylperoxy-6-methoxytetralin and 1-tert-butylperoxy-7-methoxytetralin was obtained. ‘A
mixture of 6-methoxy-l,2,3,4-tetrahydr0-na}?hthalen-1-01 and 7-methoxy-l,2,3,4-tetrahydro-na]phthalen-l-ol was obtained. *6-Methoxy-2,3-dihydro-1,4-naph-
thoquinone was also obtained in 12% yield. "Other products (intermediates) were observed in H NMR spectrum.

thylenes proceeded smoothly to carbonyl moieties with
excellent yields in most cases. As illustrated in Tables 1
and 2, ketones were obtained along with small amounts
of either benzylic fert-butylperoxy ethers, benzylic alco-
hols, or both, except in the case of deoxybenzoin (Table
2, entry 10). Such compounds have been proven as reac-

Copyright © 2013 SciRes.

tion intermediates for benzylic oxidations of alkylarenes
with TBHP [7,8,11,16,25,28,42-43]. When the oxidation
of indane was performed without catalytic amount of
Na,CO; acetophenone was obtained with only 64% yield
(Table 2, entry 3). As we have previously demonstrated
the absence of Na,COj is prejudicial to oxidation process
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since it allows keeping CuCl,/BQC system in its wa-
ter-soluble active form [39]. Tetralin afforded, with 4
equivalents of TBHP, a-tetralone in 77% yield, tert-bu-
tylperoxy ether (10%), and 6% of 2,3-dihydro-1,4-
naphthoquinone. The latter, as an over-oxidation product,
was not formed with stoichiometric amount (2 equiva-
lents) of TBHP (Table 2, entries 4 and 5). This dione
was also observed in the case of Rhy(cap)s/anhydrous
TBHP system [16]. 1,4-naphtoquinone that was formed
with different chromium catalysts [8], was not detected
with our system. 6-methoxytetralin behaves almost in
same manner as tetralin. Using 2 equivalents of TBHP,
mono ketones 6-methoxy-1-tetralone and 7-methoxy-1-
tetralone were isolated respectively in 39 and 17% yields,
along with the corresponding peroxides and alcohols, and
no over-oxidation products were detected (Table 2, entry
11). Mixture of mono ketones with different ratios have
been reported with CrO;/TBHP [11-12] and Rhy(cap)s/
anhydrous TBHP [16] systems. By increasing the amount
of TBHP to 4 equivalents, yields of mono ketones did not

Table 3. Oxidation of alkylareneswith TBHP: Com

increase significantly. However, mono ketones ratio
changed to 50/8 and 6-methoxy-2,3-dihydro-1,4-naph-
thoquinone was isolated in 12% yield (Table 2, entry 12).
The oxidation of phthalan with 2 equivalents of TBHP
afforded phthalide in 70% yield, with full conversion
(Table 2, entry 13). The other products according to the
analysis of the crude reaction mixture by H' NMR, are
probably reaction intermediates mainly tert-butylperoxy
ether. A similar intermediate was obtained in the case of
the oxidations of isochroman with R
TBHP [16]. No increase in the
observed with longer reactio

ative data from varigus catalytic systems.

Entry Catalytic method?® Yield of ketone (%)
1 3 4 5 6 7 8
1° CuCl,2H,0 (1%)/BQC/TBHP*, RT, water 98 98 77 100 86 94 39/17 70

2 Cr-PILC (2.5%)/anh. TBHP! (2)/RT/CH,CI, 92 83 91 88 90 0

C)/TBHP/70°C/CH;CN

KAuCL (5%)/TBHP (2)/90°C/pyridine

14 NMnO, (10%)/TBHP (3)/80°C/CH;CN

15 Co-Si0; (1.25%)/anh. TBHP (6)/90°C/isooctane
16 CoEPS3 (6.8%)/anh. TBHP (6)/50°C/CH;CN
17 Cu(AMP)CL, (1%)/TBHP (5)/50°C/CH;CN
18 LaCrOs (10%)/TBHP (2)/90°C/no solvent

19 Mn(TMCPP)/TBHP (3)/150°C/no solvent

8 88 98 79
8 92 77 99 93 57/12
60 43 94 53 36/17
85 93 85 87 89
76° 95¢  41° 58
208 84 60 99 55 30/30
53 51 87 71

65 71 91 95

17 61 41 >99 45
20 51 44" 72

21 58 >99 99 65
22 89 74 100 92

23 65 58

24 978 91

25 63

26 85 84 91 95

27 91

“Catalyst (% to substrate)/TBHP (number of molar equivalents to substrate). If the amounts are not indicated between brackets, the data is not indicated in the
reference paper. "This work. See Table 2 for reaction conditions. “TBHP = aqueous fert-butyl hydroperoxide. “anh. TBHP = anhydrous zert-butyl hydroperoxide.
“Published in reference 14. ‘Published in reference 15. éThe reaction was performed at 40°C. "The reaction was performed at 75°C.

Copyright © 2013 SciRes.
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is comparable or superior to the most of the catalytic (7]
systems described. For example, oxidation of deoxyben-
zoin with our system led to benzil with 94% yield, while
Cr-PILC [9] system is completely inactive (Table 3, en-
tries 1 and 2). All these catalytic systems require the use
of one or more of the following conditions: toxic organic
solvent, high temperature, anhydrous TBHP, or catalyst
that may be toxic, expensive or difficult to synthesize.
With regard to economic and environmental issues, it is
largely beneficial to use our system based on CuCl,-2H,0O
and BQC which are available commercially, cheap cost,
and relatively benign. Our system is even more interest-
ing since the ligand BQC (2,2’-biquinoline-4,4’-dicar-
boxylic acid dipotassium salt) is cheaper than the corre-
sponding parent ligand 2,2’-biquinoline. From Aldrich
Chemical Co., BQC and 2,2’-biquinoline cost 8485 and
12,994 Canadian dollars per mole, respectively.

[10]

[11]
4. Conclusion

In conclusion, the catalytic system composed of CuCl,-2H,O
and 2,2’-biquinoline-4,4’-dicarboxylic acid dipotassium
salt (BQC), was found to be highly efficient for the se-
lective oxidation of alkyarenes to the corresponding [
benzylic ketones, with aqueous 70% fert-butyl hydroper-
oxide at room temperature, under organic solvent-
conditions. This very simple catalytic system is cheap a
environmentally friendly.
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