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Nucleophilic aromatic substitution is one of the more widely used approaches for the functionalization of
aromatics and forms the backbone of numerous important syntheses of pharmaceuticals and potential drugs.!
The majority of reactions between nucleophiles and electron-deficient aromatic compounds can be separated into
two classes. The most common is nucleophilic aromatic substitution of halide and, in particular, the reaction of
nucleophiles with halogenated nitroaromatics.” These reactions are believed to proceed via attack of a nucleophile
on the nitroarene generating an anionic o-complex, followed by departure of the leaving group and
rearomatization.® The second is nucleophilic aromatic substitution for hydrogen, which formally requires the
replacement of a hydride ion. These reactions happen "spontaneously”, consuming part of the starting material
(the nitroaromatic is reduced) in the oxidation of the anionic o-complex, or they are promoted by the addition of
external oxidants (Scheme 1).4 The need of halogenated aromatics (with their associated environmental concern)
in the first class reactions, and the low yields® (with very few exceptions)® and the lack of generality” observed
in the second class reactions, can be cited as main drawbacks of these synthetic procedures. In addition, some of
the substances used as oxidants, such as permanganate, are hazardous in their own right, negating any
environmental advantages gained by eliminating halogen derivatization. More recently, the removal of a proton
and two electrons from o-complexes has been shown to be facilitated in a new class of reaction referred to as
vicarious nucleophilic substitution (VNS).8 These reactions require a good leaving group”, mostly halide!", in a
position  to the nucleophile such that decomposition of the corresponding o-complex results in B-elimination of
HX. While this class of reaction has provided useful mechanistic insight and a significant synthetic utility, the
requirement for an auxiliary leaving group still persists.
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Scheme 1
Typical nucleophilic aromatic substitutions of hydrogen with "spontaneous" oxidation of the intermediate
o-complex give very poor yields probably due to two main reasons: 1) the single electron transfer from the o-
complex to the starting nitroaromatic, that triggers the process, is an endergonic step and therefore it must be
rather slow: 2) the efficiency of an electron transfer nitroaromatic reduction is very dependent on the steps that
follow the ET,!! in this case a proton transfer!? is inefficient in the usual strong basic media. Therefore, we
decided to test the use of irradiation (the excited states are more easily oxidised and reduced than the
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Table 1.- Phototoreactions of m-DNB with carbon nucleophiles in the presence of TBAF in the absence of

solvent.
Recovered 1 2 Global
Exp.  Nucleophile Conditions® m-DNB (%)  Yield (%)P Yield (%)b yield (%)®

1 CH3COCH3 3.5, r.t., hv UV 67 67
2 3.5h, rt., hv VIS 8 21 --- 21
3 3.5 h, r.t,, dark 10 10 --- 10
4 CH3CN 1.5h, r.t, hv UV 65 22 87
5 1.5h, r.t., hv VIS — traces - traces
6 3.5 h, r.t., dark 4?2 - - -
7 CH3COsEt 4 h, rt., hv UV 37 64 20 84
8 4 h, r.t., hv VIS 37 5 traces 5
9 3.5 h, r.t., dark 32 9 traces 9

ANucleophile as a solvent. 3 eq. of FTBA.3H,0 Inert atmosphere.  125W Medium pressure Hg lamp with pyrex filter in the UV

photorcactions. Daylight in the VIS reactions. PProducts of C-arylation. Preparative yiclds based on non recovered starting material.

Table 2.- Photoreactions of m-DNB with carbon nucleophiles in the presence of TBAF in THF as a solvent.

Recovered 1 2 Global
Exp.  Nucleophile2 Conditionsb m-DNB (%)  Yield (%) Yield (%) teld (%)
Y
! PhCH2CN 4 1 THF, rt.,, by UV 24 48 8 56
2 \j\/ 3 h, THF, r.t,, hy UV 29 49 49
3 o 3 h, THF, r.t., hv UV 33 5 83
)l\/ 26¢
4 M 3 h, THF, rt, hv UV quant.
5 56 79¢ —- 79

M 3 h, THF, r.t., hv UV
OCH-

4Excess of nucleophile (10 eq.). b3 eq. of FTBA.3H20. Inert atmosphere. 125W Medium pressure Hg lamp, pyrex filter. “Products
of C-arylation. Preparative yields based on non recovered starting material. dl—(2,4-dinilr0phcnyl)bulam-Z-(me. €3-(2.4-

dinitrophenyl)butan-2-onc. IMethyl 2-(2 4-dinitrophenyhacetylacetale.
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corresponding ground states) to overcome the first obstacle, and the use of tetrabutylammonium fluoride
(TBAF) as activating agent to overcome the second. It is well known that fluoride anion activate nucleophiles
with acidic hydrogens (through formation of strong hydrogen bonds), but a TBAF solution is essentially
neutral.13 In addition, HF is an acid strong enough (pK, = 15 in DMSO)'4 to be able to quench by protonation
the nitroaromatic radical anion prectuding the back electron transfer and leading to the photoreduction of the
starting nitroaromatic and to the oxidation of the o-complex and to the final substitution of hydrogen. Complete
reduction of a nitro group (6 electrons)! ! would correspond to the oxidation of three o-complexes (2 electrons
each). Only a few reports of hydrogen photosubstitution exist in the literature,!S and all of them include weakly
basic nucleophiles as cyanide anion.!6

In Table 1 (Scheme 2), the photoreactions (UV light, pyrex filter, exp. 1, 4, 7) of m-dinitrobenzene
(m-DNB) with different nucleophiles, in the presence of TBAF, and in inert atmosphere are described. Thus, in
experiments | and 4 the photoreaction of m-DNB in the presence of TBAF and using acetone or acetonitrile as
nucleophile-solvent led to excellent yields of hydrogen photosubstitution. The yields obtained of the C-arylated
products are of the same order or higher than the reported ones for the corresponding VNS reactions of m-DNB
with chloroacetone (68%)!7 and chloroacetonitrile (30%)'8. A similar result was obtained using ethyl acetate
(exp. 7). The influence of the irradiation was investigated by carrying out blank experiments in the dark. Less
than 10% yield of the condensation products (1 + 2) was obtained in each case. Curiously enough, in all the
cases, consumption of the starting m-DNB occurred to a significant extent. Visible light had no appreciable effect
except in the case of the reaction carried out in acetone where a 21% yield of 2 4-dinitrophenylpropanone was
obtained. In any case, UV irradiation was necessary to obtain good preparative yields. Attempted photoreactions
carried out without taking any precaution to exclude oxygen led only to the recovery of the starting m-DNB. The
particular properties of TBAF as a promoter of the photoreaction were demonstrated by performing exp. 1 (Table
1) using potassium t-butoxide instead of TBAF. No hydrogen substitution product could be detected.
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Scheme 3
In Table 2, related photoreactions carried out using THF as a solvent are described. The yields (C-arylated
products) range from fair to good, making this photoreaction the method of choice for preparing these substituted
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aromatics without using auxiliary leaving groups. Results of experiments 3, 4, and 5, suggest that contrary to

previous interpretations found in the literature for fluoride promoted alkylations of ketones, |3 the fluoride anion

in our case seems to directly activate the hydrogens bonded to carbon in the keto tautomer. Thus, exp. 3 (Table

2) shows predominant formation of the product of kinetic control (attack through the carbon that has the more

acidic hydrogens). This result is difficult to rationalise as occurring via the intermediacy of a fluoride activated

enol. In addition, the yields of the photoreactions seem to be inversely dependant on the enol ratio in the
tautomeric equilibrium. Thus, the photoreaction fails using a nucleophile with a high enol content such as
acetylacetone (exp. 4, Table 2), but it gives good results for compounds having a lower enol content in the

equilibrium as methyl acetylacetonate (exp. 5, Table 2).

In Scheme 3, a mechanistic hypothesis that can justify the reported results is advanced. Thus, the success
of the process seem to be due to the joint action of UV irradiation (improvement of the steps 1 and especially 2)
and the fluoride anion (activation of the nucleophile in essentially neutral conditions, step 1, and protonation of
the m-DNB radical anion by the conjugate acid, step 4). The deleterious effect of oxygen is probably related to
the quenching of the excited states involved in the photoreaction.
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