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Nano-MnO2 has been developed as an efficient and mild reagent for the high-yield oxidation of arylmeth-
ylene compounds to the corresponding aldehydes and ketones as well as benzylic ethers to esters. The
reagent is conveniently prepared and shows reactivity superior to synthetic (Attenburrow) MnO2 and
commercial MnO2 under both microwave and conventional conditions. Typical reactions are performed
using 25 wt % of nano-MnO2 relative to the substrate, and the reagent can be recycled up to six times
without significant loss of activity. The observed conversions correlate well with surface-water content
in the different MnO2 samples, as determined by thermogravimetric analysis.

� 2013 Elsevier Ltd. All rights reserved.
Oxidation of arylmethylene compounds is an important trans-
formation for the synthesis of numerous chemical targets.1

Although several oxidants are available, most benzylic oxidations
to date have employed chromium-based reagents.2 While effective,
these reagents are messy, require (at least) stoichiometric amounts
of oxidant, and produce environmentally hazardous chromium res-
idues that demand extensive remediation.3 Though literature is
available on the use of MnO2 for this transformation, the method
suffers drawbacks due to the large quantity of reagent needed
(400–4000 wt % or 4- to 40-fold excess by weight). This require-
ment results in impaired stirring, which leads to low conversion,
less convenient product isolation, and significant waste.4 Since
the synthesis of several important natural products including vita-
mins A (retinol), E (tocopherol), and B6 (pyridoxal) still rely on
MnO2 for mild oxidation,5 the development of more efficient, cat-
alytic alternatives is desirable and significant.

In our continuing search for more efficient and mild reagents,
we report herein the use of nano-MnO2, which gives remarkably
high performance using catalytic oxidant and allows reusability
for up to six cycles. Our preferred synthetic protocol employs
nano-MnO2 in conjunction with microwave heating under sol-
vent-free conditions. The solvent-free option, coupled with the
recyclability of the reagent, makes this an attractive alternative
from an environmental perspective. Additionally, heterogeneous
nano-MnO2 can also be employed in various solvents with
conventional heating. In the current study, various arylmethylene
oxidations were accomplished in high yields using 25 wt % of
nano-MnO2 relative to the substrate. The oxidant not only permits
ll rights reserved.

: +1 405 744 6007.
conversion of benzylic carbons into aldehydes or ketones, but also
offers a direct route from benzylic ethers to esters. [Note: Although
25 wt % of the oxidant was used, as little as 10 wt % was effective in
many cases.]

The current study reports a comparative study of nano-MnO2,6

Attenburrow MnO2,
7 and commercial MnO2 for arylmethylene oxi-

dations. Preparation of Attenburrow MnO2, the most commonly
used MnO2 oxidant, involves reaction of KMnO4 with MnCl2�2H2O
in the presence of 40% NaOH and requires a tedious filtration and
washing sequence to remove excess base and permanganate.7

Nano-MnO2, on the other hand, is prepared under neutral sonica-
tion conditions from KMnO4 and D-glucose in water containing a
small amount of PEG-600.6 Though filtration is also necessary for
the isolation of nano-MnO2, this process is far easier than that re-
quired for Attenburrow MnO2 and eliminates the potential for
residual base and permanganate in the final reagent. Scanning
electron microscopy confirmed the previously reported nanopar-
ticulate morphology of this MnO2.6

The reactions were performed using microwave heating with-
out solvent and conventional heating with solvent. In the micro-
wave procedure, the reactants were mixed thoroughly with
25 wt % of MnO2 and heated at 105 �C8 for 150–240 s to give high
yields of the desired products. The same microwave procedure
using Attenburrow or commercial MnO2 (25 wt %) generally gave
significantly lower conversions. To optimize the conventional con-
ditions with nano-MnO2, toluene (1a) was oxidized to benzalde-
hyde (2a) in anhydrous EtOH, CH2Cl2, CHCl3, THF, CH3CN, C6H6,
and DMF using 25 wt % of the oxidant. Maximum conversions
(78–84%) were achieved using THF at 67 �C or DMF at 80 �C for
6–24 h. Both methods afforded clean products that were conve-
niently isolated. Microwave reactions required cooling, addition
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Figure 1. TGA results for MnO2 samples.
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Figure 3. Correlation of MnO2 surface-bound water with reactivity.
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Figure 2. Correlation of MnO2 surface-bound water with reactivity.
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of ether or ethyl acetate, filtration to remove the MnO2, and con-
centration. Conventional reactions in THF followed essentially
the same product isolation sequence, while reactions in DMF re-
quired an extractive work-up. Following filtration, the MnO2 was
easily regenerated and reused (see below).

The observation that this reaction requires as little as 10 wt % of
nano-MnO2 in anhydrous solvent under inert atmosphere is inter-
esting, since Attenburrow and commercial MnO2 generally require
1000 wt % (10-fold excess by weight) of reagent for similar oxida-
tions.4 There is not sufficient oxygen in this quantity of MnO2 to ef-
fect the oxidation, and thus, other oxygen sources may be
important. Since the reactions are performed under argon or nitro-
gen, atmospheric oxygen does not play a role. However, another
possible source of oxygen may be water associated with the oxi-
dant. Indeed, surface-bound water content, measured by thermo-
gravimetric analysis (TGA),9 was found to closely correlate with
the activity of the reagent. The nano-MnO2 showed a mass loss
of 14.2% over a temperature range of 100–150 �C, while the Atten-
burrow and commercial MnO2 samples registered mass losses of
9.5%10 and 3.6%, respectively (see Fig. 1). These results proved
highly reproducible, even with different batches of the prepared
(nano and Attenburrow) reagents. Thus, due to its greater porosity
and surface area, nano-MnO2 retains more adsorbed water and
exhibits greater reactivity than the Attenburrow and commercial
MnO2 (see Figs. 2 and 3). This surface water, while relatively easily
lost at 100–150 �C, is only slowly desorbed upon storage at 90 �C as
the prepared reagent retains its potency even after 4–6 months at
this temperature. Only after 8–10 months at this temperature is a
gradual decrease in reactivity observed. The TGA experiments also
showed a further decrease in mass upon heating from 150 to
400 �C. This reduction in mass occurs more slowly and corresponds
to the loss of structural water from the MnO2, as has been previ-
ously reported.11 Finally, regeneration of the nano-MnO2 involves
washing with 1 M HCl, 1 M NaOH, and water to remove residual
organic material followed by drying at 90 �C for 12 h. Assuming
minimal degradation of the nano-MnO2 structure during reaction,
this treatment would replace much of the water adsorbed on the
reagent.12 A more extensive study of the properties and the
morphological changes that occur upon repeated use of nano-
MnO2 is currently underway and will be reported in due course.

The results of our optimized MnO2 oxidations on a series of
arylmethylene substrates under both microwave and conventional
conditions are summarized in Table 1. All oxidations proceeded in
excellent yields13–15 except for the reaction to form 2c, where (E/
Z)-1-phenyl-1-propene failed to react. In this case, cinnamyl
alcohol (1c) was employed as the substrate, which further estab-
lished the potential utility and efficiency of nano-MnO2 as a mild
oxidant for benzylic and allylic alcohols. For reactions involving
volatile substrates (bp <200 �C, e.g., 1a, 1b, 1e, and 3a, 3b), the oxi-
dation was facilitated by pre-adsorption of the substrate onto neu-
tral alumina. Additionally, reactants having two benzylic sites (e.g.,
1e, 1f, and 1h) were observed to give only a single oxidation as has
been previously observed with chromium-based reagents.16 Pre-
sumably, the presence of electron-withdrawing groups on the aro-
matic ring deactivates other benzylic positions toward oxidation,
even when not in conjugation with the electron-withdrawing
group. This was confirmed by attempted oxidation of 2-nitrotolu-
ene as well as 2-, 3-, and 4-methylacetophenone, all of which were
unreactive toward nano-MnO2.

Finally, the reaction of 1j highlights the mild conditions of the
current process. This reaction proceeded smoothly to give the oxi-
dized product in 74% yield with no degradation of the 2,4-diamino-
pyrimidine or the dimethoxy-substituted aromatic ring.
Compound 1j is a key intermediate in the synthesis of drug candi-
dates currently being investigated for activity against Bacillus
anthracis17 and multi-resistant Staphylococcus aureus.18 A similar
transformation has been previously reported on a related deriva-
tive using MnO2 (source not reported) in yields of 56% and 65%.19



Table 1
Arylmethylene oxidations using nano-, Attenburrow and commercial MnO2

a The product spectra matched those in Ref. 14.
b A: nano-MnO2; B: Attenburrow MnO2; C: commercial MnO2.
c Yields refer to reactions without solvent at 105 �C for 150–240 s. Yields in parenthesis refer to reactions performed under conventional conditions in dry DMF at 80 �C for 6–
24 h.
d The reactant was adsorbed onto neutral alumina prior to MW reactions.
e Attempts to directly oxidize (E,Z)-1-phenyl-1-propene gave no reaction.
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Table 2 shows the oxidation results for several benzylic ethers
and amines. Ethers 3a–3c were successfully oxidized to the corre-
sponding esters, revealing a potentially useful ether to ester con-
version. Furthermore, for the unsymmetrical substrate 3c,
selectivity was observed for oxidation to the conjugated ester
rather than the ketone. We also attempted the oxidation of tetra-
hydroisoquinoline (3d) using nano-MnO2. Interestingly, when ex-
posed to nano-MnO2, this substrate underwent aromatization to
afford isoquinoline as the only product in nearly quantitative
yield;20 none of the expected lactam was produced. Thus, for oxy-
gen, which is normally divalent, oxidation occurs at the adjacent
benzylic position to give the ester, while nitrogen can accommo-
date the additional bond required for aromatization.

In summary, we have developed an efficient protocol for the
conversion of arylmethylene compounds into aryl ketones and
aldehydes as well as benzylic ethers to esters using nano-MnO2.
The process is highly efficient compared to earlier methods and re-
quires only catalytic quantities (generally 25 wt %) under micro-
wave or conventional heating conditions. The reactive nature of
the oxidant coupled with a solvent-free procedure and its recycla-
bility allows arylmethylene oxidation reactions to proceed in high-
er yields with simple work-up and less waste.
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Table 2
Oxidation of benzylic ethers and amines using nano-, Attenburrow, and commercial
MnO2

a The product spectra matched those in Ref. 14.
b A: nano-MnO2; B: Attenburrow MnO2; C: commercial MnO2.
c Yields refer to reactions performed under MW conditions without solvent at
105 �C for 150–240 s. Yields in parenthesis refer to reactions performed under
conventional conditions in DMF at 80 �C for 6–24 h.
d The reactant was adsorbed onto neutral alumina prior to MW reaction.
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Supplementary data

Supplementary data (general experimental details, procedures
for the preparation and regeneration of nano-MnO2, a deactivation
profile for recycled nano-MnO2 and 1H and 13C NMR spectral data
for 2j) associated with this article can be found, in the online ver-
sion, at http://dx.doi.org/10.1016/j.tetlet.2013.02.009.
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