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Study of Blue Bottle Reaction and Application to Aerobic Oxidation
Catalyzed by Cationic Conjugated Heteroaromatic Compounds:
Environmentally-Friendly Metal-Free Aerobic Oxidation

Miki NAGATOMO, Toshiaki SUZUKI

Abstract:

Blue bottle reaction using methylene blue was performed in the presence of ammonia, carbonate, and bicarbonate,
which was usually shown in the alkali solution of NaOH. Conjugated heteroaromatic compound, derivatives of
thiazines, oxazines, and azines, catalyzed aerobic oxidation of glucose under quite mild conditions, as well as methylene
blue. Methylene blue did not only oxidize aromatic aldehydes, benzoin, and ascorbic acid but also catalyzed the reaction

of benzyl amine to dibenzyl amine. The plausible reaction mechanisms are discussed.
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Scheme 1. Methylene blue and the resonance structure.
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Scheme 2. Plausible mechanism of blue bottle reaction
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Scheme 5. Plausible reaction in an anode in the electrolysis of the methylene blue aqueous solution.
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Scheme 6. Plausible reaction in a cathode in the electrolysis of the methylene blue aqueous solution.
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Table 1. Blue bottle reaction using inorganic bases.

HE mmol temp./'C time/min?
NaOH 1.9 20 2
NaxCOs 1.9 20 NR
Na,CO; 1.9 36 (FHEAY)
NaHCO; 1.7 20 NR
NaHCO; 1.7 90 30
NH; 2.1 20 64
NH; 4.1 20 57
NH; 8.2 20 37

1) 0.050 % Methylene blue solution, 1.0 mL (1.6x10* mmol);
glucose, 0.40 g (2.2 mmol); total volume of the solution were 25
mL by addition of H20; room temperature (20 C). 2) Time
until the color of solution changed to colorless. NR = no reaction
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Table 2. Blue bottle reaction using various cationic conjugated heteroaromatic compounds !

compounds time/s? compounds time/s?
(’iH3 CI+ (’iH:; o 5 Esz
N/ O N 600
Methylene blue (1a)

Basic Blue 12 (2b)
Cl (|3H3
HoN N N.
—
N HoN N2, NH, 4
Basic Blue 17 (1b) ﬁ Il
—
N

CH3 N02 C| 3 Basic Red 2 (3, Safranin 0)
“CH, 47 CaHs
N.
+ CoHsg
Basic Green 5 (1¢)
C2H5 C2H5 NR
_N O N.
C,Hs + CoHs 25 Na*
_ cr ,
N

Basic Blue 3 (2a) Acid Red 52 (4)

1) 5.0% NaOH soln. 25 mL, 20 % glucose soln. 7.5 mL, 0.050 % cationic compound soln. 1.0 mL, at room temperature
(20 °C). 2) Time until the color of solution changed to colorless.
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Figure 2. Blue bottle reactions using various saccharides and aldehydes
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Table 3. The reaction of benzyl amine catalyzed methylene blue and other ionic compounds?

() e e (YY)

catalyst g equiv. IR /%
methylene blue 0.036 0.047 73
tetrabutylammonium chloride (n-C4Ho)sNCI 0.037 0.064 0
sodium chloride NaCl 0.15 1 0
no catalyst - - 0

1) C¢HsCH,NH>, 0.25 g (2.4 mmol); H,O, 1.0 mL; room temperature (20 °C); 3 days.

o

( NH
CeHs MeZN\Q%SD/NMeZ
el
NJ

d3 D2
(}.

MezN S NMe2
CGHSVT/MND/ HN+_CeHs
H

Scheme 7. Plausible catalytic cycle for the reaction of benzyl amine to dibenzyl amine.
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