
A Journal of

Accepted Article

Supported by

Title: Efficient oxidation of benzylic and aliphatic alcohols using a
bioinspired, cross-bridged cyclam manganese complex with
H2O2

Authors: Zhan ZHANG, Lhoussain KHROUZ, Guochuan YIN, and
Bruno ANDRIOLETTI

This manuscript has been accepted after peer review and appears as an
Accepted Article online prior to editing, proofing, and formal publication
of the final Version of Record (VoR). This work is currently citable by
using the Digital Object Identifier (DOI) given below. The VoR will be
published online in Early View as soon as possible and may be different
to this Accepted Article as a result of editing. Readers should obtain
the VoR from the journal website shown below when it is published
to ensure accuracy of information. The authors are responsible for the
content of this Accepted Article.

To be cited as: Eur. J. Org. Chem. 10.1002/ejoc.201801140

Link to VoR: http://dx.doi.org/10.1002/ejoc.201801140

http://crossmark.crossref.org/dialog/?doi=10.1002%2Fejoc.201801140&domain=pdf&date_stamp=2018-10-02


FULL PAPER    

 

 

 

 

 

Efficient oxidation of benzylic and aliphatic alcohols using a 
bioinspired, cross-bridged cyclam manganese complex with H2O2 

Zhan Zhang,[a] Lhoussain Khrouz,[b] Guochuan Yin,[c] and Bruno Andrioletti *[a] 

Abstract: The cross-bridged cyclam manganese complex 

Mn(Me2EBC)Cl2 efficiently catalyzes the oxidation of benzylic and 

aliphatic alcohols at pH 3 in a mixture of acetonitrile and water at room 

temperature. The environmentally benign and high oxygen content 

oxidant H2O2 was adopted. Conversions of the alcohols to the 

corresponding carbonyl compounds reached 98% with good to 

excellent selectivity. In addition, several lignin model compounds were 

also catalytically oxidized under these conditions, with excellent 

conversion (up to 96%) and selectivity (up to 99%).  

Introduction 

The oxidation of alcohols is an important transformation in organic 

synthesis that can be achieved by various methods such as 

chromium-based oxidation, TPAP or Swern oxidations or using 

periodiane derivatives as the resulting products (aldehydes, 

carboxylic acids or ketones) are key intermediates for the 

chemical industry.[1,2] However, most of the aforementioned 

transformations display a very poor environmental impact 

because heavy and toxic metals and/or multi component systems 

are often used. 

Conversely, metalloenzymes exhibit generally high efficiency and 

selectivity for some specific substrates under very mild 

conditions.[3] As the development of sustainable oxidation 

conditions remain highly challenging,[4] substantial efforts have 

been made to develop biomimetic oxidation reactions, using 

environmentally benign metals (e.g. manganese and iron) and 

oxidants (e.g. dioxygen and hydrogen peroxide). Consequently, a 

large variety of bio-inspired catalysts have been synthesized and 

applied for the catalytic oxidation of alcohols during the past 

decades. Hence, Sekino et al.[5] reported that a µ-peroxo 

diiron(IV) complex generated in situ from 

[Fe2(LPh4)(O2)(Ph3CCO2)]2+ (Figure 1. a, LPh4 = N,N,N',N'-

tetrakis(1-methyl-2-phenyl-4-imidazolyl)methyl-1,3-diamino-2-

propanolate) with a dinucleating ligand could catalyze the 

oxidation of benzyl alcohol with dioxygen. Similarly, Nam et al. 

investigated the oxidation of benzyl alcohol by oxoiron(IV) 

complexes based on non-haem ligands such as N4Py (Figure 1. 

b) and TPA (Figure 1. c) and revealed detailed mechanistic 

insights.[6] The Fe-TAML iron complex (Figure 1. d, TAML) was 

proven very efficient for the catalytic oxidation of benzyl alcohols, 

and for some lignin model compounds, in the presence of 

(diacetoxyiodo)benzene.[7] With biomimetic manganese-based 

catalysts, Shen et al. reported that the complex Mn(S-

PMB)(CF3SO3)2 (Figure 1. e, S-PMB) efficiently oxidizes a large 

range of secondary alcohols to the corresponding ketones with 

hydrogen peroxide in the presence of acetic acid.[7] A manganese 

complex based on the BQEN ligand (Figure 1. f), was also proven 

to efficiently promote the oxidation of alcohols with peracetic acid 

as the oxidant.[9] The catalytic oxidation of alcohols by other non-

haem complexes was also investigated.[10]  

 

 
Figure 1. Examples of bio-inspired ligands used for the catalytic oxidation of 

alcohols. 

 

During the course of our studies on the development of 

environmentally benign oxidation of alcohols, we selected the 

manganese(II) complex containing a cross-bridged cyclam ligand 

Mn(Me2EBC)Cl2 (Figure 2), which had been fully characterized 

previously[11] and used for hydrogen abstraction,[12] oxygen 

transfer,[13] C-H bond activation[14] and some other applications.[15] 

Herein, we disclose that Mn(Me2EBC)Cl2 efficiently catalyzes the 

oxidation of a series of benzylic and aliphatic alcohols (including 

lignin model compounds) with 35% H2O2(aq) as a green oxidant at 

pH= 3 in a mixture of acetonitrile and water at room temperature. 

 

Figure 2. Structure of cross-bridged cyclam Me2EBC and the corresponding 

manganese(II) complex. 

Results and Discussion 

Veratryl alcohol being a common model substrate for studying the 

oxidative degradation of lignin,[16] it was chosen for determining 

the optimal conditions, using Mn(Me2EBC)Cl2 as the catalyst and 
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H2O2 as the oxidant at different pH values (Table 1). In agreement 

with preliminary observations,[8-9, 17] we found that at pH 1, 2 or 3, 

the conversion of veratryl alcohol was quantitative affording the 

corresponding aldehyde and acid in up and to 80% and 12% yield, 

respectively, in the presence of 1 mol% of catalyst and 4 eq. of 

H2O2 in 4 hours (Table 1, entries 1‒3). Conversely, at higher pH, 

the conversion dropped significantly to 51% at pH 4 and 22% at 

pH 5 (Table 1, entries 4-5). Therefore, we could infer that at pH > 

3, the reactivity decreases. Due to the better selectivity observed 

at pH 3 and relatively milder conditions, we fixed the working pH 

at 3. 

 

Table 1. Oxidation of veratryl alcohol with MnII(Me2EBC)Cl2 and H2O2 at 

different pH. 

 
Entry pH Conversion 

(%) 

Yield of 

aldehyde 

(%)[a] 

Yield of acid 

(%)[a] 

1[b] 1 99 72 11 

2 2 98 70 12 

3 3 99 80 12 

4 4 51 47 0 

5 5 22 19 0 

6[c] 3 98 83 9 

7[d] 3 99 81 11 

[a] GC yields. Conditions: solvent CH3CN/ H2O: 5 mL (4:1), substrate 100 

mM, MnII(Me2EBC)Cl2 1 mol%, H2O2 0.17 mL 4eq., 303 K, 4 h, pH: adjusted 

with HCl. [b] 3 h; [c] pH adjusted with H2SO4; [d] pH adjusted with HNO3.  

 

In addition, we studied the influence of the chloride counter anion. 

Hence, H2SO4 and HNO3 were also investigated for adjusting the 

working pH at 3. In the presence of H2SO4 or HNO3, both the 

conversions and the yields were similar to that determined in the 

presence of HCl (Table 1, entry 6 ‒ 7). Accordingly, contrary to 

former reports from the literature revealing that the nature of the 

counter-anion could accelerate the alcohol oxidation,[8,10e,18] in our 

conditions, the nature of the counter anion (i.e. Cl- vs. HSO4
- or 

NO3
-) did not affect significantly the outcome of the reaction. 

 

Next, we investigated the effect of the catalytic charge and the 

optimal amount of H2O2 at pH 3 at 30°C (Table 2). Firstly, a control 

experiment carried out with H2O2 only confirmed that the 

manganese catalyst was crucial in the transformation (Table 2 

entry 1). Entries 2 to 5 reveal that the conversions improve 

dramatically from 36 to 99% when increasing the amount of 

catalyst from 0.1 to 1 mol%. Hence, a minimum catalytic charge 

of 0.5 mol% appeared necessary for ensuring the efficient 

conversion of the substrate. On this basis, we also investigated 

the effect of the amount of oxidant (Table 2, entries 5 ‒ 8). With 3 

or 4 equivalents of H2O2, conversions were excellent, up to 99%. 

By taking into account the efficiency, the selectivity and the cost-

effectiveness of the transformation, we selected the conditions 

used in the entry 4, namely 0.5 mol% of catalyst and 4 equivalents 

of oxidant as the best compromise.  

 

Table 2. Oxidation of veratryl alcohol with different amounts of 

MnII(Me2EBC)Cl2 and oxidant. 

 
Entry Amount of 

catalyst 

/mol% 

Amount 

of H2O2/ 

eq. 

Conversion 

/% 

Yield of 

aldehyde 

/% [a] 

Yield 

of 

acid 

/%[a] 

1 0 4 9 5 0 

2 0.1 4 36 28 1 

3 0.3 4 75 61 3 

4 0.5 4 89 76 7 

5 1 4 99 80 12 

6 1 1 77 61 1 

7 1 2 89 68 3 

8 1 3 95 75 9 

[a] GC yields. Conditions: solvent CH3CN/ H2O: 5 mL (4:1) substrate 100 

mM, MnII(Me2EBC)Cl2, H2O2, pH 3, 303 K, 4 h. pH adjusted with HCl. 

 

Figure 3. Kinetics of the oxidation of veratryl alcohol with MnII(Me2EBC)Cl2 in 

the presence of H2O2. Conditions: solvent CH3CN and H2O 5 mL (4:1), substrate 

100 mM, MnII(Me2EBC)Cl2 0.5 mol%, H2O2 0.17 mL, pH 3, 303 K, pH adjusted 

with HCl. 

The effect of the reaction time was also investigated (Figure 3). 

When the reaction was run for 6 hours, the conversion went up to 
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99% but at the expense of the selectivity. Indeed, upon running 

the reaction for an additional 2 hours (from 4 to 6 h), the selectivity 

went down from 9/1 to 5/1. Hence the quantity of aldehyde is 

maximized after 5 h before slowly decreasing upon oxidation to 

the corresponding acid. 

In conclusion, this preliminary study reveals that the optimal 

conditions for oxidizing veratryl alcohol to the corresponding 

aldehyde involves the use of 0.5 mol% of catalyst, 4 equivalents 

of H2O2 and a 5 h reaction at pH 3 and 303 K, knowing that the 

maximum conversion is reached after 6 h. 

 

Table 3. Oxidation of different types of alcohols with MnII(Me2EBC)Cl2 and 

H2O2. 

 
En

try 

Substrate Conv. 

(%) 

Aldehyde 

or ketone 

Y. 

(%) 
[a] 

Acid Y. 

(%) [a] 

1  98  77 

 
15 

2  69 

(86) 

 68 

(79) 
 (6) 

3  73 

(89) 
 69 

(81)  
 

(6) 

4  40 

(78) 
 37 

(59)  
(11) 

5 
 

42 

(63)  
39 

(63) 

  

6 
 

(32) 
 

(32)   

7  (24)  (11)  (12) 

8  (60)  (60)   

9  100/ 

100[b] 
 99/ 

99[b] 

  

10 

 
95/ 

95[b]  
95/ 

95[b] 

  

11 
 

58/ 

96[b,c] 

 

56/ 

95[b,c] 

  

12 

 
98 

 

68 

 

29 

[a] GC yields. Conditions: solvent CH3CN/ H2O: 5 mL (4:1) substrate 100 mM, 

MnII(Me2EBC)Cl2 0.5 mol%, H2O2 0.17 mL 4eq., pH 3, 303 K, 6 h. [b] H2O2 

0.34 mL 8 eq.; [c] MnII(Me2EBC)Cl2 1 mol%; Data in brackets: 18 h. 

On the basis of these preliminary studies, we investigated the 

effect of the substitution on the alcohol (Table 3). As expected, 

the electron richness of the alcohol seems to be the major 

parameter of the transformation. Indeed, if the veratryl alcohol 

was converted to the corresponding aldehyde and acid in 98% 

in 6 h (Table 3, entry 1), the para-methoxy benzyl alcohol 

lacking one -OMe group in comparison with the parent 

compound could not be transformed to the corresponding 

aldehyde or acid in more than 86% conversion even after 18 h 

(Table 3, entry 2). The relative position of the substituent did not 

appear crucial either, as the ortho-methoxy benzyl alcohol 

analogue produced the corresponding aldehyde and acid in 

similar range (Table 3, entry 3). The benzyl alcohol was proven 

even less reactive as after 6 h the conversion remained in the 

40% range and reached 78% after 18 h (Table 3, entry 4). 

However, this decent conversion was obtained at the expense 

of the selectivity as benzoic acid was produced in substantial 

amount. 

 

When secondary benzylic alcohols were subjected to oxidation 

(Table 3, entries 5 ‒ 6), the corresponding ketone was isolated 

in good yield (63%) in the case of the methyl ketone but a 

relatively long reaction time was proven necessary. However, 

the diphenylmethanol was more reluctant to oxidation, as the 

expected ketone was isolated in 32% yield, even after a 

prolonged reaction time (Table 3, entry 6). Similarly, aliphatic 

alcohol displaying a long alkyl chain such as 1-octanol (Table 3, 

entry 7) appeared little reactive under our conditions. 

Interestingly, cyclohexanol was converted much more efficiently 

and cyclohexanone was isolated in a decent 60% yield (Table 

3, entry 8).  

 

In contrast, very high conversions and selectivities were 

obtained with 1,2-cyclohexanediol (Table 3, entry 9) and 1,2-

diphenyl-ethane-1,2-diol (Table 3, entry 10). In the latter cases, 

the corresponding mono-ketones were obtained in quantitative 

yields. Interestingly, even in the presence of a larger excess of 

H2O2 (8 equiv. vs. 4 equiv.) the mono-ketones were not oxidized 

further. This observation is in agreement with the former 

observation regarding the higher reactivity of electron rich 

alcohols. Hence, an excellent selectivity can be reached in the 

case of 1,2-diols. For this reason, we investigated the oxidation 

of lignin model compounds that could be of prime interest for 

understanding the reactivity of lignin. As in lignins, the 𝛽-O-4 

moieties are the most abundant,[19] we decided to investigate a 

classical 𝛽-O-4 model (Table 3, entry 11). Using our optimized 

conditions, the desired ketone was isolated in a moderate 56% 

yield, but with an excellent selectivity. For this reason, we decide 

to harden the reaction conditions by doubling the amount of 

catalyst (1 mol%) and H2O2 (8 equiv.). In these conditions, we 

were delighted to observe that in these conditions the 

conversion increased dramatically to 96% while maintaining an 

excellent selectivity (99%). Using the same conditions, we 

evaluated the reactivity of a 𝛽-1 lignin model compound (Table 

3, entry 12). After 6 h, the conversion of the starting material 

was almost complete, but a mixture of mono-ketone and dione 

was isolated. The mono- and diketone were isolated in 68 and 

29% yield, respectively. Interestingly though, no C-C bond 

cleavage was observed. These promising results suggest that 

the combination of MnII(Me2EBC)Cl2 and H2O2 may constitute 

an alternative for the valorization of lignin, a bio-source of 

aromatic compounds.[19b] 

 

In order to gain some insights on the mechanism of the reaction, 

we first investigated the possible presence of radical 

intermediates. As t-BuOH is an acknowledged radical 

scavenger,[20] we decided to perform the oxidation of veratryl 
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alcohol in a t-BuOH/H2O (4:1) solvent mixture. In these solvent 

conditions, veratryl alcohol was converted in 67% and afforded 

veratraldehyde in 65% yield. Hence, this result accounts for a 

mechanism precluding the presence of hydroxyl radicals.[15, 20]  

 

Alternatively, we confirmed the absence of hydroxyl radical 

intermediates using EPR measurements (see Supporting 

Information Section). Knowing that DMPO (5,5-dimethyl-1-

pyrroline-N-oxide) traps radicals affording a DMPO radical 

adduct (that displays a typical four-line EPR spectra)[12, 21] we 

added DMPO to our experimental conditions and followed the 

reaction using EPR. However, upon adding H2O2 to a solution 

of Mn(Me2EBC)Cl2 and DMPO at pH 3, only the EPR signal of 

residual Mn(II) (g~2 aMn~90G), was visible.[22] Hence, this 

observation confirmed the absence of hydroxyl radicals in our 

reaction conditions. 

 

After excluding a radical-mediated oxidation, we investigated the 

possibility that a highly oxidized Mn species was responsible for 

the catalytic performance. To this end we synthesized the pure 

MnIV(Me2EBC)(OH)2(PF6)2 metallocomplex from Mn(Me2EBC)Cl2 

using a known procedure.[23] In the absence of any oxidant, 

veratryl alcohol was oxidized rather efficiently by a stoichiometric 

amount of the manganese(IV) complex as the expected aldehyde 

and acid were isolated in 22 and 7% yield, respectively with a 

conversion of 40%. This result demonstrates that 

MnIV(Me2EBC)(OH)2(PF6)2 is able to oxidize veratryl alcohol even 

in the absence of any oxidant. Hence, in the presence of H2O2 at 

pH 3, Mn(Me2EBC)Cl2 is oxidized generating the 

MnIV(Me2EBC)(OH)2
2+. Next, the MnIV intermediate can directly 

oxidize a molecule of alcohol through hydrogen atom abstraction  

or through or the transfer of a hydroxyl as already observed in the 

literature.[22a, 24]. 

Conclusions 

In conclusion, we have developed an efficient catalytic system 

from a bioinspired manganese(II) complex Mn(Me2EBC)Cl2 and 

an environmentally benign oxidant H2O2 at pH 3. This new 

catalytic system displays a high efficiency for the oxidation of a 

variety of benzylic alcohols and some aliphatic alcohols. More 

interestingly, it was proven very powerful for the oxidation of lignin 

model compounds. In particular, 𝛽-O-4 lignin model molecule was 

converted almost quantitatively to the corresponding ketone 

without C-C bond cleavage. In addition, a mixture of H2O and 

MeCN was used at the expense of acetone and advantageously 

precluded the possible oxidation of acetone with H2O2. Substrates 

displaying electron enriched alcohols were proven more reactive 

and allowed obtaining high selectivities for the oxidation of 

unsymmetrical 1,2-diols. At last, we have proven that the 

oxidation process does not involve any radical and most likely 

relies on a high valent manganese(IV) complex. Additional 

investigations are currently underway in our Laboratory in order 

to totally ascertain the mechanism of oxidation. 

Experimental Section 

Mn(Me2EBC)Cl2 was kindly provided by Prof. Guochuan Yin. The 

corresponding manganese(IV) compound, 

Mn(Me2EBC)(OH)2(PF4)2 was synthesized according to a known 

procedure from the literature.10,22a All the chemical reagents used 

were commercially available except for lignin model compounds, 

which were synthesized and characterized before in our group.6 

 

General procedure for the oxidation of alcohols using 

Mn(Me2EBC)Cl2 in the presence of H2O2. 

Under Ar, a 25 mL round bottom flask was charged with 

acetonitrile (4 mL) and water (1 mL) before the pH was adjusted 

at 3 with HCl. Next, the substrate (100 mM) and 0.5 mol% of 

Mn(Me2EBC)Cl2, 0.17 mL or 0.34 mL of 35% of H2O2 aqueous 

solution (35%) and diphenyl ether as the internal standard were 

added. The reaction was kept under vigorous stirring for 6 h or 18 

h at 303 K in a water bath. Next, the solution was extracted with 

dichloromethane. After drying, the organic phase was analyzed 

by GC/MS. 

The kinetic follow-up was carried out according to the same 

protocol, but aliquots were taken every hour. 

 

Experiment protocol for hydroxyl radical trapping with t-

BuOH. 

The protocol for this reaction was the same as the one described 

above but MeCN (4 mL) was replaced by t-BuOH (4 mL). 

 

Stoichiometric oxygenation of veratryl alcohol with 

manganese(IV) complexes. 

5 mL of the mix solvent containing acetonitrile (4 mL) and water 

(1 mL) at pH 3 (pH adjusted with HCl) was charged with 1 mM of 

substrate, 1 mM of Mn(IV) complex and diphenyl ether. The 

reaction was kept stirring for 6 h at 303 K in a water bath. The 

conversion and the yields were detected by GC/MS using the 

internal standard method. 

 

 

Acknowledgements 

The China Scholarship Council (CSC) is deeply acknowledged for 

providing financial support to ZZ. The University Claude Bernard 

Lyon 1 and the CNRS are also acknowledged for their support. 

Keywords: Green oxidation • Manganese complex • cyclam • 

lignin models • benzyl alcohols 

[1] a) T. Mallat, A. Baiker, Chem. Rev. 2004, 104, 3037-3058;  b)  W. P. 
Griffith, S. V. Ley, G. P. Whitcombe, A. D. White, Chem. Commun. 1987, 
21, 1625-1627; c) A. J. Mancuso, D. S. Brownfain, D. Swern, J. Org. 
Chem. 1979, 44, 4148-4150.  d) K. Bowden, I. Heilbron, E. Jones, B. 
Weedon, J. Chem. Soc. 1946, 39-45; e) A. G. Barrett, D. Hamprecht, M. 
Ohkubo, J. Org. Chem. 1997, 62, 9376-9378. 

[2] Z. Guo, B. Liu, Q. Zhang, W. Deng, Y. Wang, Y. Yang, Chem. Soc. Rev.  
2014, 43, 3480-3524. 

[3] a) L. Que Jr, W. B. Tolman, Nature 2008, 455, 333; b) R. V. Ottenbacher, 
E. P. Talsi, K. P. Bryliakov, Chem. Rec. 2018, 18, 78-90.  

[4] See for instance, a) M. Rafiee, Z. M. Konz, M. D. Graaf, H. F. Koolman, 
S. S. Stahl ACS Catalysis, 2018, 8, 6738-6744; b) A. Das, A. Rahimi, A. 
Ulbrich, M. Alherech, A. H. Motagamwala, A. Bhalla, L. da Costa Sousa, 
V Balan, V. Balan, J. A. Dumesic, E. L. Hegg, B. E. Dale, J. Ralph, J. J. 
Coon, S. S. Stahl ACS Sustainable Chem. Eng., 2018, 6, 3367-3374; c) 
D. Hruszkewycz, S. McCann, S. S. Stahl Liquid Phase Aerobic 

10.1002/ejoc.201801140

A
cc

ep
te

d 
M

an
us

cr
ip

t

European Journal of Organic Chemistry

This article is protected by copyright. All rights reserved.



FULL PAPER    

 

 

 

 

 

Oxidation Catalysis, 2016, 67-83; d) R. A. Sheldon, I. W. C. E. Arends, 
G.-J. ten Brink, A. Dijksman Acc. Chem. Res., 2002, 35, 774-781. 

[5] M. Sekino, H. Furutachi, R. Tojo, A. Hishi, H. Kajikawa, T. Suzuki, K. 
Suzuki, S. Fujinami, S. Akine, Y. Sakata, Chem. Commun. 2017, 53, 
8838-8841. 

[6] N. Y. Oh, Y. Suh, M. J. Park, M. S. Seo, J. Kim, W. Nam, Angew. Chem. 
Int. Edit. 2005, 117, 4307-4311. 

[7] F. Napoly, L. Jean‐Gérard, C. Goux‐Henry, M. Draye, B. Andrioletti, 

Eur. J. Org. Chem. 2014, 781-787. 
[8] D. Shen, C. Miao, D. Xu, C. Xia, W. Sun, Org. Lett. 2014, 17, 54-57. 
[9] K. Nehru, S. J. Kim, I. Y. Kim, M. S. Seo, Y. Kim, S.-J. Kim, J. Kim, W. 

Nam, Chem. Commun. 2007, 4623-4625. 
[10] a) A. Aktaş, İ. Acar, E. T. Saka, Z. Biyiklioglu, J. Organomet. Chem. 

2016, 815, 1-7; b) S. Shi, M. Liu, L. Zhao, M. Wang, C. Chen, J. Gao, J. 
Xu, Chem-Asian J. 2017; c) T. K. Slot, D. Eisenberg, D. van Noordenne, 
P. Jungbacker, G. Rothenberg, Chem-Eur. J. 2016, 22, 12307-12311; 
d) W. Nam, Acc. Chem. Res. 2007, 40, 522-531; e) C. Miao, X.-X. Li, 
Y.-M. Lee, C. Xia, Y. Wang, W. Nam, W. Sun, Chem. Sci. 2017, 8, 7476-
7482; f) D. H. Nguyen, Y. Morin, L. Zhang, X. Trivelli, F. Capet, S. Paul, 
S. Desset, F. Dumeignil, R. M. Gauvin, ChemCatChem 2017, 9, 2652-

2660; g) E. P. Talsi, D. G. Samsonenko, K. P. Bryliakov, ChemCatChem 
2017, 9, 2599-2607; h) W. Dai, Y. Lv, L. Wang, S. Shang, B. Chen, G. 
Li, S. Gao, Chem. Commun. 2015, 51, 11268-11271; i) P. Saisaha, J. 
W. de Boer, W. R. Browne, Chem. Soc. Rev. 2013, 42, 2059–2074; j) 
R. Hage, J. E. Iburg, J. Kerschner, J. H. Koek, E. L. M. Lempers, R. J. 
Martens, U. S. Racherla, S. W. Russell, T. Swarthoff, M. R. P. Vanvliet, 
J. B. Warnaar, L. Wanderwolf, B. Krijnen, Nature 1994, 369, 637–639; 
k) C. Miao, X.-X. Li, Y.-M. Lee, C. Xia, Y. Wang, W. Nam, W. Sun Chem. 
Sci., 2017, 8,7476-7482. 

[11] T. J. Hubin, J. M. McCormick, S. R. Collinson, M. Buchalova, C. M. 
Perkins, N. W. Alcock, P. K. Kahol, A. Raghunathan, D. H. Busch, J. Am. 
Chem. Soc. 2000, 122, 2512-2522. 

[12] Y. Wang, S. Shi, D. Zhu, G. Yin, Dalton Trans. 2012, 41, 2612-2619. 

[13] a) L. Dong, Y. Wang, Y. Lv, Z. Chen, F. Mei, H. Xiong, G. Yin, Inorg. 
Chem. 2013, 52, 5418-5427; b) G. Yin, M. Buchalova, A. M. Danby, C. 
M. Perkins, D. Kitko, J. D. Carter, W. M. Scheper, D. H. Busch, J. Am. 
Chem. Soc. 2005, 127, 17170-17171; c) G. Yin, M. Buchalova, A. M. 
Danby, C. M. Perkins, D. Kitko, J. D. Carter, W. M. Scheper, D. H. Busch, 
Inorg. Chem. 2006, 45, 3467-3474. 

[14] X. Wu, M. S. Seo, K. M. Davis, Y.-M. Lee, J. Chen, K.-B. Cho, Y. N. 
Pushkar, W. Nam, J. Am. Chem. Soc. 2011, 133, 20088-20091. 

[15] A. Xu, H. Xiong, G. Yin, J. Phys. Chem. A. 2009, 113, 12243-12248. 
[16] a) F. Cui, D. Dolphin N. Can. J. Chem. 1992, 70, 2314-2318; b) A. 

D'Annibale, C. Crestini, E. DiMattia, G. Giovannozzi Sermanni J. 
Biotechnol. 1996, 48, 231-239; c) G. González-Riopedre, M. I. 
Fernández-García, E. Gómez-Fórneas, M. Maneiro Catalysts 2013, 3, 

232-246. 
[17] D. Shen, C. Miao, S. Wang, C. Xia, W. Sun, Org. Lett. 2014, 16, 1108-

1111. 
[18] A. G. Ligtenbarg, P. Oosting, G. Roelfes, R. M. La Crois, M. Lutz, A. L. 

Spek, R. Hage, B. L. Feringa, Chem. Commun. 2001, 385-386. 
[19] a) J. Jae, G. A. Tompsett, Y.-C. Lin, T. R. Carlson, J. Shen, T. Zhang, 

B. Yang, C. E. Wyman, W. C. Conner, G. W. Huber, Energ. Environ. Sci. 
2010, 3, 358-365; b) J. Zakzeski, P. C. Bruijnincx, A. L. Jongerius, B. M. 
Weckhuysen, Chem. Rev. 2010, 110, 3552-3599. 

[20] S. Kim, W. Choi, Environ. Sci. Technol. 2002, 36, 2019-2025. 
[21] a) W. Luo, L. Zhu, N. Wang, H. Tang, M. Cao, Y. She, Environ. Sci. 

Technol. 2010, 44, 1786-1791; b) H. Xiao, R. Liu, X. Zhao, J. Qu, J. Mol. 
Catal. A: Chem. 2008, 286, 149-155. 

[22] G. Brouet, X. Chen, C. W. Lee, L. Kevan, J. Am. Chem. Soc. 1992,114, 
3720-3726. 

[23] a) G. Yin, J. M. McCormick, M. Buchalova, A. M. Danby, K. Rodgers, V. 
W. Day, K. Smith, C. M. Perkins, D. Kitko, J. D. Carter, Inorg. Chem. 
2006, 45, 8052-8061; b) G. Yin, A. M. Danby, V. Day, S. B. Roy, J. 
Carter, W. M. Scheper, D. H. Busch, J. Coord. Chem. 2011, 64, 4-17. 

[24] G. Yin, A. M. Danby, D. Kitko, J. D. Carter, W. M. Scheper, D. H. Busch, 
J. Am. Chem. Soc. 2008, 130, 16245-16253. 

10.1002/ejoc.201801140

A
cc

ep
te

d 
M

an
us

cr
ip

t

European Journal of Organic Chemistry

This article is protected by copyright. All rights reserved.



FULL PAPER    

 

 

 

 

 

 

Entry for the Table of Contents (Please choose one layout) 

 

Layout 1: 

 

FULL PAPER 

Text for Table of Contents 
   

Sustainable oxidation of benzyl 

alcohols 

Zhan Zhang, Lhoussain Khrouz, 

Guochuan Yin, and Bruno Andrioletti* 

Page No. – Page No. 

Efficient oxidation of benzylic and 

aliphatic alcohols using a 

bioinspired, cross-bridged cyclam 

manganese complex with H2O2 

 

  

 

   

 

 

10.1002/ejoc.201801140

A
cc

ep
te

d 
M

an
us

cr
ip

t

European Journal of Organic Chemistry

This article is protected by copyright. All rights reserved.


