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BSTRACT: A series of para-substituted phenols was oxidized to the corresponding benzogquinones in moderate to high

yield with catalytic amounts of NO; under O, in MeOH. Little or no oxidation is observed under argon. Substrates of

but nitration of the arom.

atic ring
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catalysts.? Lignin, a renewable biopolymer, will become an important raw material for the production of
e

chemicals if methodology can be deveioped to convert it cleanly and selectively inio single com OUuds in high
y1e1d.“ The unifying structurai feature of lignin is a network of para-substituted oxygenated phenolic rings.

These rings could be useful chemical precursors if selectively reieased from the polymer.
The oxidation of para-substituted phenols with Co-Schiff base complexes and O, depends on the formation

of phenoxy radical 1 by an intermediate Co-superoxo complex (equation 1, X=(salen)CoO).
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Because of the tendency of Co(salen)/O, complexes to undergo deactivation during oxidation,” we are

investigating other species that contain an oxygen centered free radical as a structural feature, and recently

reported that stoichiometric NO; could be used for this conversion.® We now report preliminary results showing
that catalytic NO; in the presence of O can be used to convert para-substituted phenols to benzoquinones.

In initial experiments, alcohol 2 was treated with a stoichiometric amount of NaNO; and 100 pL of
oncentrated HNO» or HCI (a convenient source of NO;) in MeOH under argon at -20°C. Quinone 3 was
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However, introduction of 1 atmosphere of O3 to this reaction has a dramatic effect, allowing isolation of 3 in
much higher yields (80-90%). In addition, we find that in the presence of O,, only catalytic amounts of NaNO,

were required to produce 80-90% yields of 3. With NaNO; levels as low as 5%, compound 3 is formed in
yields of 70-75%. A summary of results is found in Table 1.7

Table 1 - Oxidation of Para-Substituted Phenolics with NO; and O;

Ri\ EIR_ R!\ |£)R2

1T 2 4 NOR
R; \Itl)/
R, R Rj3 conditions % yield
OMe OMe CH,OH 20% NaNO,, -20°C, MeOH 88
OMe OMe CH,OH 5% NaNO,, -20°C, MeOH 72
OMe OMe CH(CH3)OH 20% NaNO, ,-20°C, MeOH 56
OMe OMe CHO 20% NaNO,, 0°C, MeOH 50
OMe OMe Me 20% NaNO,, -10°C, MeOH 12
t-Bu t-Bu CH,0H 20% NaNOQ;, -20°C, MeOH oP
t-Bu t-Bu CH,;0H 1 eq NaNO,, rt, CCly 37¢
Me Me CH,0H 1 eq NaNOy, rt, CCly 94
Me Me OH 20% NaNO, -10°C, MeOH 100
t-Bu t-Bu OMe 20% NaNO,, -10°C, MeOH 99

N0, generated by the reaction of NaNO5 with 100 pL of concentrated HNO3 or HCL ®The corresponding methyl benzyl ether was
isolated in 81% yield. °4-Nitro-2,6-di-t-butylphenol was isolated in 31% yield. d4-Nitro-2,6-dimelhylphenol was isolated in 17%
yield.

For most reactions, lower temperatures are more effective because of the increased concentration of volatile
NO; in solution. MeOH is the optimal solvent for most reactions. Solvents such as MeCN, CH»Cly, ethylene
dichloride, i-PrOH, and EtOAc resulted in the formation of significant amounts of side products, predominantly
oxidation of the benzylic alcohols to the corresponding benzaldehyde or nitration of the aromatic ring. For

example, treatment of 2 with NaNO, in MeCN gave a 63% yield of the c.orrespondmg aldehyde. Substrates
with strongly electron donating substituents exhibit a greater ability to form quinone. However, substrates
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hydroquinone monoalkyl ethers can be converted to the corresponding benzoquinones in high yield.” The



resuits with the benzyl alcohols are particularly interesting since Coombes has reported that similar phenols
undergo reaction with NO; under inert atmosphere to give the corresponding aldehyde and aromatic ring
nitration; no quinone is observed.’ The addition of oxygen in our system is apparently diverting the normal
aromatic nitration pathway. Overall, these results indicate that para-substituents similar to those found in lignin
undergo cleavage, a necessary step for the removal of the phenolic units present in lignin,

The mechanism of NO; promoted oxidation is complex due to the number of different oxides of nitrogen
that can be formed under these conditions. '° However, Kochi has shown that NO5 oxidation of hydroquinone
dialkyl ethers to quinones occurs via a radical cation that results from the reaction of the substrate with the NO;
disproportionation product NO"NO;‘.ll Substrates used in our study are assumed to undergo conversion to
radical cation 4 upon reaction with NO*. Formation of the quinone occurs via reaction of 4 with nitrate anion
(Figure 1). This sequence forms HONO which is converted back to NO, via N,O3 formation and subsequent
O3 oxidation of N2Oj3 to N2Oy, continuing the catalytic cycle.
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Figure 1 - Possible Mechanism for the Conversion to Benzoquinones

Nitrogen dioxide is also a useful aromatic nitration reagent. !> We observe ring nitration as a side product in
low yield in several of the reactions shown in Table 1. Ring nitration can proceed from radical cation 4 in a
process that leads to the nitration products and consumption of NO,.!! Interestingly, we observe an increase in
the relative amount of ring nitration when a stoichiometric quantity of NaNO; is used in nonpolar CCly as a
solvent. In contrast, Kochi reported an increase in ring nitration when hydroquinone dialkyl ethers were treated
with stoichiometric NO; in polar solvents. We suggest that ring nitration of these phenols in nonpolar media
may be occurring via phenoxy radical 5, formed upon abstraction of the phenolic hydrogen atom by NO,.
Subsequent reaction of 5 with NO, would lead to the observed nitration products. This mechanistic path is
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similar to that described for the reaction of phenols with Co-Schiff base complexes and O,."” Direct reaction of

AT

the S[aﬂlng pnenm with NU» nugm occur under these conditions because the formation of ionic NO” NU”; would

be expected to be poor in nonpolar media.
NO,!!

In this case, nitration could be occurring via direct reaction of 4 with
or through 5 formed by loss of H from 4 and trapping of § by NO,.

These results suggest that NO, may be a suitable agent for the selective conversion of lignin into useful

chemicals. We are currently investigating methods to extend the generality of this reaction to other phenolic
14
substrates.
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