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Electrochemical Synthesis of Nitroanilines!*!
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Alkylamines and amides are readily prepared by nucleo-
philic aromatic substitution of hydrogen in nitroarenes by
electrochemical oxidation. Useful vyields (15-85%) are
achieved in a simple direct and regioselective amination pro-
cess. The synthetic method has been examined in the ab-
sence and presence of external bases, used to promote the
first step of the nucleophilic aromatic substitution reaction,

i.e. the nucleophilic attack. In both cases, good results were
obtained. The unreacted starting material can easily be reco-
vered at the end of the electrochemical oxidation process.
This new method represents an environmentally favourable
route to amino- and amido-substituted nitroaromatic com-
pounds.

Introduction

Nucleophilic aromatic substitution of halogen or other
nucleofugal groups in nitroarenes, according to the SyAr
addition-elimination mechanism,[!! is a classical reaction of
great practical value. Studies of the mechanisms of aromatic
substitution of electron-deficient aromatic and heteroarom-
atic compounds,!?! establishing the factors that affect the
choice of mechanistic path and the regioselectivity within a
given mechanism, can have a major impact in such import-
ant areas as drug synthesis, polymer research, and environ-
mental chemistry.’]l A thorough understanding of these
mechanisms will be of high value in the practical choice of
conditions, solvents, and nucleophiles for the preparation
of new drugs and polymers, analytical standards for envir-
onmental investigations, and in the choice of procedures
used in environmental amelioration.! We have recently
contributed to this field by introducing a novel oxidative
electrochemical approach to the SyAr reaction for het-
eroatoms (NASX).[al

The development of new environmentally friendly routes
for the production of commercially relevant chemical inter-
mediates and products is an area of considerable interest.
In most cases, such synthetic routes require the discovery
of new atomically efficient chemical reactions. According to
these requirements, we have focused our attention on nucle-
ophilic aromatic substitution of hydrogen reactions
(NASH)!1-21 a5 a means of generating functionalized aro-
matics without the need for halogenated starting materials
or intermediates.l”-8! NASH reactions formally require the
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replacement of a hydride ion, and they either proceed
“spontaneously’” with consumption of part of the starting
material in the oxidation step, or are promoted by the addi-
tion of external oxidants. Low yields (with few excep-
tions)!”-81 and a lack of generality are the main drawbacks
of these synthetic procedures.[">®1 Moreover, some of the
chemical substances used as oxidants are inherently hazard-
ous.

In this respect, the use of electrochemical techniques
would seem to be very attractive. Curiously, however, this
approach had been completely neglected in the chemical
literature until our previous work,*®! in which we described
for the first time the electrochemical cyanation of nitroar-
enes based on electrochemically promoted nucleophilic aro-
matic substitution of hydrogen. Scheme 1 depicts the elec-
trochemical approaches to NASH and NASX.

Nu H Nu
S X X
‘ Nu- FAST X
N - * Q
NO, NO, NO,
-1e” 2e
- X L] . H +
Nu Nu
X X
| RS
0 \ S
2 NO,
NASX NASH

Scheme 1

Several different methods for the direct amination of
nitrobenzenes that do not require chloroaromatic com-
pounds have been reported. Perhaps the best established of
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these is the vicarious nucleophilic substitution of hydrogen
(VNS).P~111 Although this method furnishes reasonable
yields of aminated nitrobenzenes,!'?! it still requires an aux-
iliary group. Very recently, we have described the amination
of m-dinitrobenzene promoted by fluoride ions through
photochemical activation.’s] The substitution can be pro-
moted by the addition of external oxidants. It has been
known for many years that KMnO, in liquid ammonia is
an excellent oxidant for 6™ complexes formed by the addi-
tion of ammonia or amide anions to electrophilic nitroar-
enes, particularly heteroarenes.[!l This oxidative variant of
the Chichibabin reaction, introduced into organic synthesis
by van der Plas, is a general process of great practical
value,[®! but is restricted to ammonia as the nucleophile.[”"
Herein, we propose an even simpler way of achieving the
direct amination of nitroaromatic compounds (see Scheme
3), i.e. by NASH using electrochemical techniques. Some
advantages of this new amination method are: (a) low cost
and ready availability of the reagents, (b) atom economy,
(c) high yields, approaching 100% based on unrecovered
starting material. Virtually no secondary products are pro-
duced.

Results and Discussion

Table 1 summarizes the results obtained in the oxidative
electrochemical SyAr of hydrogen for various nitroaromatic
compounds (Scheme 2) with nBuNH,: 1,3-dinitrobenzene
(1), 3,5-dinitrobenzonitrile (2), o,a,a-trifluoro-3,5-dinitro-
toluene (3), 1-chloro-2.4-dinitrobenzene (4), 1,3,5-trinitro-
benzene (5), and 1,3-dinitronaphthalene (6). The ¢! com-
plexes (column 5) were prepared by carefully adding the
amine to solutions of the nitroarene in DMF under an inert
gas at 13 °C. The percentage of attack or the extent of o-
complex formation under the initial conditions (fast equi-
librium) (column 4) was determined, and the o™ complexes
(column 6) were characterized using cyclic voltammetry.]
The yields ranged from fair to good (35—89%), except in
the case of 13 (15%), and only the starting material (apart
from the substitution product) was recovered at the end of
the electrochemical oxidation process. The reaction (via A
in Scheme 3) proved to be highly regioselective in all cases.

The excess of amine used varied from case to case. A
large excess of amine was added in the reaction with 1 in
order to promote the very inefficient nucleophilic attack
(1% attack with a 200-fold excess of nBuNH,). In the case
of compounds 2—6, a lower excess of amine was used in
order to optimize the formation of ¢ complexes and to
minimize further amination of the NASH product (col-
umn 7).

Note that in Entry 2 two isomers are obtained. The first
one, 11a, is the C-4 isomer, derived from electrochemical
oxidation of the Meisenheimer adduct (E,, = 1.21 V, 10%).
The second one is the C-2 isomer 11b. Electrochemical ox-
idation of the butylamine Meisenheimer adduct (C-2) leads
to the corresponding amino derivative (£,, = 1.03'V, 39%).

In the particular case of 5, use of a large excess of amine
(1:295, until no starting material remained in the solution)
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led, after exhaustive electrolysis at 1.6 V, to 2,4,6-trinitro-
1,3-benzenediamine as the final oxidation product in almost
quantitative yield (95%). Furthermore, no new oxidation
waves appeared during cyclic voltammetry experiments on
5 and butylamine, even when a large excess was added.

In the case of 6 (Entry 6), a yield of 84% was obtained.
Here, n-butylamine was added in a controlled way until the
o adduct was the only product present in the mixture.
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Table 1. Exhaustive electrolysis of ¢ complexes (at oxidation peak plus ca. 100 mV) obtained by reactions of nitroaromatic compounds

o ]
. NuH o [a] o' Enl (V) NASH Yield r=
Entry | Nitro- . o- Complex Products [NASH-
arene (nitro complexe L ot NASH product]/
arene:NuH) Complex products [0-compl.]
[% yield]
H NHBu NHBU (NH,)
1 1 BuNH, 30 0.62 305 |1.002)
NO
(1:10%) 2 NO, [86]
10
H NHBu NHBu (NHy)
0, cN
o] CN
1.03 ’ 39(11b) | 1.1(0.3)
@™
NO.
2 2 BuNH, 45 : NO,
(1:6) c2 NHBU
o R NH‘?\:JO 0, NO,
2 2
N\@/ 121 10% (11a)
CN [77]
CN 11a,b
Cc-4
H NHBu NHBu (NH,)
©2 NOz O,N NO,
3 3 BuNH, 36 1.18 346 |09(0.2)
(o CFs CF3 [85]
12
cl Cl
N02 NOZ
NHBu
4 4 B(L;I.\;I-)lz 43 1.12 NHBU 15 02
: H
NO.
NO, 2 4 [15]
H NHBu NHBu (NHy)
0, NO, o, NO,
5 5 BuNH, 30 1.12 306 |1.0(0.2)
1:3)
NO, NO, [83]
14
NO, NO,
6 |6 BuNH, 100 O@ 0.80 84(5) |08(0.05)
(1:16) NO, NO
2
A NHBu [94]
NHBu (NH,)
15

[al Under the initial conditions (fast equilibrium). ! The 6 complexes were carefully prepared by addition of the nucleophile to solutions
of the nitroarene (25 mm) in DMF + 0.1 M nBu,NBF, under an inert gas at 13 °C. [ Working electrode: graphite. [4 The oxidation
products were analysed by cyclic voltammetry vs. SCE (1 Vs~!), gas chromatography/mass spectrometry, and '"H NMR. The preparative
yields are 5—10% lower. ] During the electrolysis, the equilibrium of the first step (Scheme 1) will be shifted to the right. ! Yields based
on unrecovered starting material.
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Cyclic voltammetry was used as an analytical tool in such
a way that it was possible to know the concentrations of the
different species present in the reaction mixture (reactant,
zwitterionic complex, and ™ complex), hence the amine
could be added until neither the nitroaromatic initial react-
ant nor the zwitterionic first intermediate could be detected
in the solution.

The reaction of 1-chloro-2,4-dinitrobenzene 4 (Entry 4,
Table 1) is illustrative of the power of the electrochemical
approach. In this case, a good leaving group (chloride) is
present at an activated position of the aromatic ring and
therefore the X complex is produced as the major one. We
have recently shown that oxidation at 1.35V gives rise to
the NASX product along with minor amounts of the
NASH product.®® However, as shown in Table 1, selective
NASH reaction can be achieved by applying a lower oxida-
tion potential such that only the ¢ complex is oxidized
(15% preparative yield; 15% based on unreacted starting
material).

Furthermore, in some cases (Table 1, Entries 1—3 and 5),
the yields of the substitution product are greater than the
extent of nucleophilic attack. This can be attributed to a
shift of the equilibrium of the first step to the right during
the electrolysis.

From Table 1, it emerges that a limitation of the method
would seem to be the low efficiency of the first step. There-
fore, in an effort to improve efficiency, the reactions were
carried out in the presence of several bases (nBuyNF-3H,0,
MeyNF, tBuOK). These bases are among the best suited for
carrying out electrochemical experiments (their oxidations
occur at very positive potentials). Use of the neutral base
1,4-diaza[2,2,2]bicyclooctane is not possible due to its lower
oxidation potential (0.57 V vs. SCE).I'34] Indeed, its poten-
tial is very close to the oxidation potentials of the c™ com-
plexes. The results are summarized in Figure 1 and Table 2
(via B in Scheme 3).

Figure 1 shows the electrochemical behaviour of nBuNH,
alone (Figure 1a), a mixture of 1 and nBuNH, in the pres-
ence of tBuOK (Figure 1b), a mixture of 1 and nBuNH,
in the presence of FTBA-:3H,O (Figure 1c), and pure 1,3-
dinitrobenzene (1) (Figure 1d).

Figure la shows an irreversible one-electron wave at ca.
1.33 V vs. SCE in DMF. Figure 1b shows, starting with a
reduction scan, no reduction waves, which implies that no
starting material (Figure 1d) is present in the reaction mix-
ture. An efficiency of 100% in the formation of the o com-
plex is observed. When the first scan is an oxidation scan,
two oxidation waves are observed at 0.61 V and 1.33 V, the
latter corresponding to the excess amine present in the mix-
ture. The oxidation peak at 0.61 V must be assigned to the
corresponding 6 complex (Table 2, Entry 1) because dur-
ing a second reduction scan a reduction wave appears at
ca. 0.93 'V, which corresponds to the rearomatized amino
compound, 10. Figure Ic shows on the first cathodic scan
a reversible wave at —0.88 V, which corresponds to the un-
reacted starting material 1 (Figure 1d). The percentage of
nucleophilic attack can be calculated by a comparison of
the peak intensities at —0.88 V (Figure l¢ and d). On the
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Figure 1. (a) Cyclic voltammetry of nBuNH, (10.0 mm) in DMF
+ 0.1 M nBuyNBF, at 10 °C; scan rate 0.5 Vs~!, glassy carbon disc
electrode (0.05 mm diameter); the scan is in the potential range:
0.00/1.75/0.00 V; (b) cyclic voltammetry of a mixture of 1 (20.0 mm)
and nBuNH, in the presence of tBuOK (1:5:2) in DMF + 0.1 m
nBuy,NBF, under an inert gas at 10 °C; scan rate 1.0 Vs™!, glassy
carbon disc electrode (0.05 mm diameter); the scan is in the poten-
tial range: 0.00/—1.00/1.70/0.00 V (2 cycles); (c) cyclic voltammetry
of a mixture of 1 (20.0 mm) and nBuNH, in the presence of
nBuyNF-3H,0 (1:5:5) in DMF + 0.1 m nBuyNBF, under an inert
gas at 10°C; scan rate 1.0 Vs~!, glassy carbon disc electrode
(0.05 mm diameter); the scan is in the potential range: 0.00/—1.00/
1.70/0.00 V; (d) cyclic voltammetry of 1 (6.0 mm) in DMF + 0.1 m
nBuy,NBF, at 13 °C; scan rate 1.0 Vs~!, glassy carbon disc elec-
trode (0.05 mm diameter); the scan is in the potential range: 0.00/
—1.50/1.75/0.00 V

cathodic scan, two waves appear at 0.71 V and 133V
(nBulNH,). Note that the first one corresponds to a mixture
of adducts, where the minor ¢ complex is the butylamine
Meisenheimer adduct (25% of the amino compound was
found; Table 2, Entry 2).

In this case, a definitive quantification had to be per-
formed after the electrolysis of the sample. The analysis and
yield determination of the NASH product and the reco-
vered starting material (from O-adducts/F-adducts and the
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starting material that had not reacted) allow us to calculate
in a simple and quantitative way the concentration and na-
ture of each ¢ complex.

To assess the influence of the presence of base, fivefold
excesses of nBuNH,, nHexNH,, and AcNH, were tested as
nucleophiles. The reaction was extended to one nitronaph-
thalene 7, one nitrothiophene 8, and one nitropyridine 9. In
all cases, the extent of nucleophilic attack by the amine (o
complex formed under the initial conditions) was found to
increase considerably (Table 2, column 4). In this sense, the
best results were achieved when the strongest base (zerz-bu-
toxide) was used. Using primary amines or amides, the
yields were better in the presence of base than in its absence
(e.g. 49% vs. 30% for 10; Table 1, Entry 1 and Table 2, Entry
1, respectively). These yields are rather good considering
that unchanged starting material is recovered and that the
experimental procedure is very simple. The reactivity de-

pends on the electrophilic character of the starting material,
5 being more reactive than 1 (Table 2, Entries 9 and 5) and
1 being more reactive than 7 (Table 2, Entries 1 and 6). The
reactivity also depends on the size of amine (nHexNH, is
less reactive than nBuNH,; Table 2, Entries 1 and 4).

In the presence of base, the percentage of nucleophilic
attack increases considerably. However, this is not only due
to attack by the nucleophile, but also due to attack by the
excess base (Table 2, Entries 1—4). This fact is of no signi-
ficance from the point of view of the preparative reaction,
since, as we have seen, the electrochemical oxidation of the
oxygen or fluoride ¢ adducts leads to the initial nitroaro-
matic compound!!3®! (via C in Scheme 3).

It is remarkable that in both the absence and presence of
external base (zert-butoxide or fluoride), the reaction is tot-
ally regioselective. An exception is found in the case of
amides in the presence of an external base, where the reac-

Table 2. Exhaustive electrolysis of o complexes (at oxidation peak plus ca. 100 mV) obtained by reactions of nitroaromatic compounds

with various amines and amides in the presence of difference bases

o]
NuH+Base o, o] End (v) NASH Yicld r=
Entry | Nitro- products [NASH-
arenc | (nitroarcnc: G- o ol NASH product]/
B b = -
NuH:Base) Complexes fol Complex Complex products Lo-compl
[% yield]™
H  NHBu NHBu (NH;)
BuNH, NO, NO; 49 (5) 49 (0.05)
1 1 + 100 0.62
{BuOK [91]
(1:5:2) NO: 10
H NHBu NHBuU ( NH2)
BuNH, NO, 25 (5) 0.42 (0.08)
2 1 + 60 0.77
nBuNL. [83]
31,0
NO,
(1:5:5) 10
NHBuU NHBuU (NH5)
BuNH, NO, 15 (3) 0.23 (0.05)
3 1 + 65 0.71
MesNF [83]
(1:5:5)
10
HexNH, NHHex NHHex (NHy)
NO2 .~ NOz 30(5) 0.30 (0.05)
4 1 + 65 0.62 <
[86]
BuOK NO,
16
(1:5:2)
NHCOCH;
NHCOCH; NO,
ACNH2
55 0.69 (0.33)
5 1 + 80 0.60 [
_ 7 1
tBuOK 0.47 1
17 [67]
(1:5:2)
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Table 2. ( Continued)

%.[d]
NuH+Basc o 1] ELT vy NASH Yield |r-
Entry | Nitro- products [NASH-
arene | (nitroarene: o- o o NASH product]/
NuH:Base) | complexes Complex Complex products | [6-compl]
[2 yield]™
BuNH, NO,
No2 NHBu
6 7 + 15 Z / 0.18 | ST (NH) 15 1
“ C—/ “~NHBu = (traces)
BuOK 0.38 [100]
(1:5:2)
18
BUNH: s S
ON CN OoN CN
7 8 + 33 D) 0.58 \ /) 501 152
BuOK A \HBu NHBu [100]
(1:5:1)
19
BuNH; NHBuU
H  NHBu NO 30 0.30 (0.42)
8 9 + 100 NO 0.49 2 2 1iJ
e 2 | 421
tBuOK \- al SN cl
[401
(1:5:1) 20
ACNIL H  NHCOCH, NHCOCH,
OaN Q]/NOZ 1.15 0y NO; 66 0.66 (0.33)
9 5 + 100 ) _ il
N 14210 271
BuOK NO, NO,
21 [71]
(1:5:2)
NHHex (NH,)
HexNIT, H  NHHex 2
NC~_ NO, NC. L. -NO,
10 2 + 45 1.03 o | 60 (HM | 133 (0.11)
BuOK NO, N [92]
22
(1:5:2)

[al Under the initial conditions (fast equilibrium). ! The ¢ complexes were carefully prepared by addition of the nucleophile to solutions
of the nitroarene (25 m» in DMF + 0.1 M nBuyNBF, under an inert gas at 13 °C. Il Working electrode: graphite. (4 The oxidation
products were analysed by cyclic voltammetry vs. SCE (1 V-s™!), gas chromatography/mass spectrometry, and 'H NMR. The preparative
yields are 5—10% lower. [¥! During the electrolysis, the equilibrium of the first step (Scheme 1) will be shifted to the right. [T Oxidative
nitro group substitution involving a oX complex is observed (SNAr reaction involving replacement of a nitro group by an amide anion
nucleophile). (8l N-Butyl-3-nitro-2-pyridinamine was also obtained as a major product (42%) (after exhaustive electrolysis, replacement of
the chloro substituent by amine occurred in a NASX process). ™ Yields based on unrecovered starting material.

tion is less regioselective and substitution of a nitro group
by an amide group occurs (Table 2, Entries 5 and 9). When
2-chloro-3-nitropyridine (9) is used (Table 2, Entry 8), we
observe 42% of the NASX product N-butyl-3-nitro-2-pyrid-
inamine, arising from replacement of the chloro substituent
by the amine. Moreover, in some cases (Table 2, Entries 7
and 10), the yields of the substitution products are greater

256

than those of the product of nucleophilic attack. This can
be attributed to a shift of the equilibrium of the first step
to the right during electrolysis.

In most cases (Tables 1 and 2), small amounts of the NH,
compounds are obtained as by-products (1—15%). This is
due to the exhaustive oxidation of the mixture, which can
result in oxidation of the first amino product formed by o™
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Entry Nitroarene NuH + base Time Type of oxidation E, [V] NASH Recovered

(nitroarene/NuH/base) chemical electro- o complex product starting
(KMnOy) chem. (yield) material

1 1 BuNH, + FTBA-3H,0 1.5h yes 0.62 10 -
(1:5:5) (63%)

2 1 BuNH, + /BuOK 1.5h yes 0.62 10 46%
(1:5:2) (49%)

3 6 BuNH, + FTBA-3H,0 4.5h yes 0.80 15 53%
(1:5:5) (34%)

4 6 BuNH, 1.5h yes 0.80 15 11%
(1:16) (84%)

complex oxidation, leading to oxidative cleavage of the
C—N bond." When exhaustive electrolysis was carried out
at 1.6 V, only NH, derivatives were obtained.

Finally, a comparison between chemicall’?! and electro-
chemical oxidation is presented (Table 3). When the oxida-
tion potential of 6™ complexes is lower than 0.60 V, chem-
ical oxidation is a useful process in spite of the fact that
no starting material can be recovered (Table 3, Entry 1).
Electrochemical oxidation (Table 3, Entry 2) allow us to re-
cover the starting material, and no secondary products are
found, hence it seems to be a more suitable oxidation pro-
cess. However, the power of the electrochemical oxidation
is shown in Entry 4, where a 90% yield of the NASH prod-
uct was obtained, as compared to just 34% in Entry 3
(chemical process). The electrooxidation is more convenient
when the oxidation peak potentials of the o complexes are
more positive than 0.6 V vs. SCE.

Conclusion

Our electrochemical approach offers a new and very se-
lective methodology in the field of the synthesis of aromatic
amino derivatives. Through selective electrochemical oxida-
tion, we can obtain the NASH product (lower oxidation
potential of the intermediate) or the NASX product. The
o complex can be oxidized in a selective way. The excess
amine present in the mixture in not oxidized because the
oxidation potential for primary amines is about 1.50 V vs.
SCE. In all cases, the oxidation potential peak of the &
complex is lower than this. Furthermore, the use of electro-
chemical oxidation is the only way to achieve oxidation po-
tentials higher than 0.70 V and, as can be seen in the tables,
many polynitro-substituted ¢ complexes have oxidation po-
tentials higher than this.

The success of this synthetic method can be attributed to
two factors, firstly the control of the quantity of the amine
used, and second, the careful control over the oxidation
process. In this way, alkyl aniline products are obtained in
fair to good yields. Exhaustive oxidative electrolysis leads to
the dealkylated anilines in what constitutes a new, formally
“chlorine-free” route.

Eur. J Org. Chem. 2002, 251—259

Experimental Section

General Remarks

Electrochemical Measurements: The electrochemical cell and meas-
urement procedures for cyclic voltammetry have been described
previously.l'>] All the potentials are reported vs. an aqueous satur-
ated calomel electrode. A glassy carbon disc was used as the
working electrode (0.05 mm diameter). Electrolyses were carried
out using a PAR 273A potentiostat. A graphite rod was used as
the working electrode.

Materials: DMF (SDS, “pour syntheses peptidiques”) and
nBuyNBF, (Fluka, puriss.) were used without purification. 1,3-Di-
nitrobenzene (1), 3,5-dinitrobenzonitrile (2), o,a,0-trifluoro-3,5-di-
nitrotoluene (3), 1-chloro-2.4-dinitrobenzene (4), 1,3-dinitronaph-
thalene (6), and 1-nitronaphthalene (7) were purchased from Ald-
rich; 1,3,5-trinitrobenzene (5) was from Supelco; 5-nitrothiophene-
2-carbonitrile (8) was from Lancaster; 2-chloro-3-nitropyridine (9)
was from Acros Organics. Butylamine (nBuNH,) and hexylamine
(HexNH,) (Aldrich); acetamide (AcNH,) (Fluka); potassium tert-
butoxide (Aldrich); tetramethylammonium fluoride (Mey;NF) and
tetrabutylammonium fluoride trihydrate (nBuyNF-3H,0) (Aldrich)
were obtained commercially as indicated.

General Procedure for NASH in Nitroarenes: A solution of the
nitroarene (20 mM) in DMF (5mL), which contained 0.1 M
NBuyBF, (0.1646 g) as a supporting electrolyte, was prepared un-
der nitrogen. The corresponding 6 complex was prepared by care-
ful addition of the nucleophile (butylamine, acetamide, or bu-
tylamine/base, hexylamine/base, or acetamide/zert-butoxide mix-
tures) to the solution of the nitroarene under nitrogen. The oxida-
tion peak potentials of the o™ complexes were measured by cyclic
voltammetry. Electrolysis was then carried out at potentials ca. 100
mV more positive than the value measured for each o™ complex,
using a graphite rod as the working electrode. The electrolysis was
stopped when the starting material had been completely consumed
and the mixture was subsequently partitioned between water and
toluene. The organic layer was dried with Na,SO, and the solvents
were evaporated to leave a residue that was analysed by gas chro-
matography. The analysis showed the presence of nitro compounds.
The final products were analysed by gas chromatography/mass
spectrometry, '"H NMR, and cyclic voltammetry, and were identi-
fied by comparison of their spectroscopic properties with those re-
ported in the literature. The product yields were not optimized and
were calculated by gas chromatography and by cyclic voltammetry,
after verifying from the 'H NMR spectrum of the crude product
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that only the substitution products and starting material were pre-
sent.

Generation of 15 by Preparative Electrolysis: A solution of 1,3-di-
nitronaphthalene (70 mg) in DMF (7 mL), which contained 0.1 m
Et,NBF, (0.1519 g) as a supporting electrolyte, was prepared under
nitrogen. The corresponding o' complex was prepared by careful
addition of the nucleophile (butylamine, 510 mg) to the solution of
the nitroarene under nitrogen. The crude product [or mixture of
product(s) and reactants] was purified or separated by silica gel
chromatography using chloroform as the eluent. N-Butyl-2,4-di-
nitro-1-naphthalenamine (15) was obtained as the main product
(65 mg, 70%). As a minor product, 2,4-dinitro-1-naphthalenamine
(28, 5 mg, 7%) was also obtained. Moreover, (10 mg, 14%) of the
unreacted starting material, 2,4-dinitronaphthalene (6), was reco-
vered.

Reaction Products

N-Butyl-2,4-dinitroaniline (10):!'! Table 1, Entry 1 and Table 2,
Entries 1—3. '"H NMR (250 MHz, CD;CN): § = 8.96 (d, J =
2.9 Hz, 1 H), 8.39 (s, | H), 8.20 (dd, J = 9.50, J = 2.20 Hz, 1 H),
7.05 (d, J = 9.50 Hz, 1 H), 3.13 (t, J = 6.25 Hz, 2 H), 1.58 (m,
J=625Hz,J=17.50Hz 2H), 1.39 (m, J = 7.50 Hz, J = 6.90 Hz,
2 H), 113 (t, J = 6.90 Hz, 3 H). MS (70 eV): mlz (%) = 239 (17)
[M]*, 197 (10), 196 (100), 180 (6), 178 (5), 166 (7), 150 (10), 150
(10), 104 (9), 92 (6), 77 (9), 65 (5), 51 (5), 43 (5).

4-Butylamine-3,5-dinitrobenzonitrile (11a):1!71 Table 1, Entry 2. 'H
NMR (250 MHz, CDsCN): § = 9.15 (s, 1 H), 8.75 (s, 1 H), 3.13
(t, J = 6.25Hz, 2 H), 1.58 (m, J = 6.25Hz, J = 7.50 Hz, 2 H),
1.38 (m, J = 7.50 Hz, J = 6.90 Hz, 2 H), 1.13 (t, / = 6.90 Hz, 3
H). MS (70 eV): miz (%) = 264 (16) [M]*, 265 (12), 221 (75), 205
(32), 163 (16), 130 (15), 88 (17), 76 (13), 71 (35), 55 (15), 43 (100),
41 (58).

2-Butylamine-3,5-dinitrobenzonitrile (11b): Table 1, Entry 2. MS
(70 eV): mlz (%) = 264 (13) [M]*, 265 (3), 222 (11), 221 (100), 205
(13), 191 (10), 163 (9), 129 (24), 117 (15), 102 (18), 75 (10), 71 (18),
56 (14), 43 (27), 41 (30).

N-Butyl-2,6-dinitro-4-(trifluoromethyl)aniline (12):1'® Table 1, Entry
3. TH NMR (250 MHz, CD5CN): & = 9.09 (s, 1 H), 8.50 (s, 1 H),
3.00 (t, J = 6.25Hz, 2 H), 1.68 (m, J = 6.25Hz, J = 7.50 Hz, 2
H), 1.44 (m, J = 7.50 Hz, J = 6.90 Hz, 2 H), 0.96 (t, / = 6.90 Hz,
3 H). MS (70 eV): mlz (%) = 307 (13) [M]", 308 (2), 272 (16), 265
(8), 264 (81), 249 (4), 248 (37), 235 (9), 231 (10), 206 (21), 189 (12),
188 (12), 187 (12), 174 (13), 171 (15), 160 (17), 159 (23), 146 (10),
144 (22), 142 (11), 127 (7), 126 (10), 125 (7), 105 (13), 95 (6), 75
(11), 71 (57), 57 (10), 56 (10), 44 (13), 43 (100), 41 (66).

N-Butyl-3-chloro-2,6-dinitroaniline (13): Table 1, Entry 4. This
product could not be isolated and was tentatively assigned by GC/
MS. MS (70 eV): m/z (%) = 273 (17) [M]*, 275 (5), 274 (4), 230
(100), 214 (15), 213 (13), 184 (10), 171 (8), 156 (9), 137 (16), 126
(14), 102 (10), 90 (8), 75 (18), 71 (17), 51 (5), 43 (24).

N-Butyl-2,4,6-trinitroaniline (14):'”! Table 1, Entry 5. 'H NMR
(250 MHz, CD;CN): & = 9.19 (s, 1 H), 8.67 (s, 1 H), 3.13 (t, J =
6.25Hz, 2 H), 1.58 (m, J = 6.25 Hz, J = 7.50 Hz, 2 H), 1.39 (m,
J =750Hz, J = 6.90Hz, 2 H), 1.13 (t, / = 6.90 Hz, 3 H). MS
(T0eV): mlz (%) = 284 (17) [M]*, 249 (23), 241 (100), 225 (47),
212 (13), 149 (17), 137 (19), 91 (16), 71 (34), 43 (54).

N-Butyl-2,4-dinitro-1-naphthalenamine (15):2% Table 1, Entry 6. 'H
NMR (250 MHz, CDsCN): § = 9.73 (s, 1 H), 9.16 (s, 1 H), 8.75
(dd, J = 8.60 Hz, J = 0.70 Hz, 1 H), 8.32 (dd, J = 8.60 Hz, J =
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0.70 Hz, 1 H), 7.80 (td, 1 H), 7.56 (td, 1 H), 3.89 (t, J = 6.80 Hz,
2 H), 1.68 (m, J = 6.80 Hz, J = 7.50 Hz, 2 H), 1.44 (m, J =
7.50 Hz, J = 6.90 Hz, 2 H), 0.96 (t, J = 6.90 Hz, 3 H). MS (70 eV):
miz (%) = 289 (58) [M]*, 290 (10), 246 (38), 230 (24), 229 (100),
212 (22), 199 (14), 184 (10), 169 (19), 155 (24), 154 (20), 142 (12),
141 (30), 140 (22), 130 (13), 129 (16), 128 (34), 126 (25), 116 (14),
115 (19), 114 (27), 113 (16), 102 (13), 101 (14), 77 (12), 75 (13), 63
(13), 55 (10), 43 (22), 41 (36).

N-Hexyl-2,4-dinitroaniline (16):I! Table 2, Entry 4. '"H NMR (250
MHz, CD;CN): 6 = 8.96 (d, J = 2.68 Hz, 1 H), 8.22 (dd, J =
9.55 Hz, 2.68 Hz, 1 H), 7.10 (d, J = 9.55Hz, 1 H), 3.45 (q, J =
6.25 Hz, 2 H), 1.75 (m, 2 H), 1.38 (m, 6 H), 1.13 (t, J = 7.25 Hz,
3 H). MS (70 eV): mlz (%) = 267 (14) [M]*, 232 (4), 204 (3), 196
(100), 190 (9), 180 (19), 177 (12), 166 (11), 150 (10), 104 (11), 92
(7), 77 (10), 43 (12).

N-(2,4-Dinitrophenyl)acetamide (17):>!1 Table 2, Entry 5. '"H NMR
(250 MHz, CDsCN): 3 = 10.10 (s, 1 H), 8.91 (s, 1 H), 8.72 (d, J =
8.80 Hz, 1 H), 8.21 (d, J = 8.80 Hz, 1 H), 3.01 (s, 3 H). MS (70 eV):
miz (%) = 224 (12) [M]*, 226 (2), 183 (27), 167 (3), 153 (11), 137
(1), 107 (7), 91 (8), 63 (11), 53 (8), 43 (100). Quality identification
910 (].[22]

N-Butyl-1-nitro-2-naphthalenamine (18):3! Table 2, Entry 6. MS
(70 VY): miz (%) = 244 (75) [M]", 245 (13), 211 (5), 209 (6), 202
(10), 201 (75), 184 (15), 182 (10), 173 (16), 171 (15), 168 (14), 156
(30), 155 (100), 153 (31), 143 (11), 129 (20), 128 (58), 127 (34), 116
(12), 115 (37), 114 (12), 101 (15), 77 (16), 41 (17).

4-Butylamine-5-nitro-2-thiophenecarbonitrile (19):?3! Table 2, Entry
7. 'TH NMR (250 MHz, CDsCN): 8 = 7.61 (s, 1 H), 7.21 (s, 1 H),
3.14 (t, J = 6.25Hz, 2 H), 1.59 (m, J = 6.25Hz, J = 7.50 Hz, 2
H), 1.39 (m, J = 7.50 Hz, J = 6.90 Hz, 2 H), 0.97 (t, / = 6.90 Hz,
3 H). MS (70 eV): miz (%) = 225 (46) [M]*, 226 (6), 227 (3), 180
(8), 182 (100), 187 (7), 156 (16), 164 (10), 154 (10), 152 (31), 137
(14), 136 (24), 125 (18), 152 (31), 137 (14), 136 (24), 125 (18), 124
(13), 110 (13), 109 (42), 96 (12), 83 (19), 77 (26), 71 (23), 70 (37),
51 (13), 45 (16), 43 (45), 41 (45).

N-Butyl-2-chloro-3-nitro-4-pyridinamine (20):*! Table 2, Entry 8.
'H NMR (250 MHz, CD;CN): § = 8.37 (d, J = 9.00 Hz, 1 H),
6.45 (d, J = 9.00 Hz, 1 H), 6.06 (s, 1 H), 3.30 (t, J = 6.25 Hz, 2
H), 1.58 (m, J = 6.25 Hz, J = 7.50 Hz, 2 H), 1.40 (m, J = 7.50 Hz,
J = 690 Hz, 2 H), 0.94 (t, J = 6.90 Hz, 3 H). MS (70 eV): mlz
(%) = 230 (2) [M]*, 231 (6), 229 (16), 200 (13), 194 (16), 188 (32),
187 (19), 186 (100), 173 (22), 154 (6), 140 (20), 140 (60), 112 (1),
76 (11), 41 (19).

N-(2,4,6-Trinitrophenyl)acetamide (21):1>4 Table 2, Entry 9. 'H
NMR (250 MHz, CDs;CN): § = 10.28 (s, 1 H), 9.22 (s, 1 H), 2.28
(s, 3 H). MS (70 eV): m/z (%) = 240 (1), 238 (1), 237 (5), 236 (37),
198 (14), 195 (3), 194 (32), 122 (2), 148 (5), 77 (2), 67 (2), 52 (3),
43 (100). MS (chemical ionization, CH,4, NHs): m/z (%) = 270 (100)
[M]*, 284 (15), 253 (47), 235 (78), 223 (31), 205 (47), 187 (15),
141 (84).

2-Hexylamine-3,5-dinitrobenzonitrile (22): Table 2, Entry 10. This
product could not be isolated and was tentatively assigned. 'H
NMR (250 MHz, CD;CN): § = 9.06 (d, J = 2.85Hz, 1 H), 8.96
(s, 1 H), 8.63 (d, J/ = 2.85Hz, 1 H), 3.45 (q, / = 6.25 Hz, 2 H),
1.75 (m, 2 H), 1.38 (m, 6 H), 1.13 (t, J = 7.25 Hz, 3 H). MS (70 eV):
mlz (%) = 292 (6) [M]", 257 (3), 245 (3), 221 (100), 217 (10), 208
(11), 205 (39), 191 (15), 175 (14), 163 (10), 129 (19), 117 (11), 102
(12), 99 (12), 81 (14), 56 (12), 43 (25).
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2,4-Dinitroaniline (23): Table 1, Entry 1 and Table 2, Entries 1—3.
MS (70 eV): m/z (%) = 183 (100) [M]*, 153 (44), 107 (22), 91 (64),
65 (14), 66 (11), 65 (14), 64 (51), 63 (38), 52 (73), 41 (24). Quality
identification 99%.12%!

2,4,6-Trinitroaniline (24): Table 1, Entry 5. MS (70 eV): m/z (%) =
228 (100) [M]*, 212 (2), 199 (2), 198 (27), 166 (5), 152 (4), 135 (12),
90 (58), 89 (12), 63 (34), 52 (17), 51 (11). Quality identification
95%.1221

2,6-Dinitro-4-(trifluoromethyl)aniline (25): Table I, Entry 3. MS
(70 eV): mlz (%) = 251 (100) [M]*, 221 (13), 189 (19), 175 (11), 159
(36), 140 (10), 127 (10), 89 (10), 81 (10), 52 (31), 44 (17). Quality
identification 95%.2%

2-Amino-3,5-dinitrobenzonitrile (26): Table 1, Entry 2. MS (70 eV):
mlz (%) = 208 (100) [M]*, 178 (31), 162 (14), 132 (23), 116 (61),
104 (15), 89 (49), 88 (19), 77 (32), 62 (17), 61 (13), 53 (11), 52 (32).

1-Nitro-2-naphthalenamine (27): Table 2, Entry 6. MS (70 eV): m/z
(%) = 188 (54) [M]*, 171 (3), 158 (9), 142 (16), 131 (23), 115 (100),
103 (15), 89 (10), 77 (8), 63 (10). Quality identification 95%.%

2,4-Dinitro-1-naphthalenamine (28): Table 1, Entry 6. MS (70 eV):

miz (%) = 233 (100) [M]*, 234 (12), 203 (24), 157 (19), 141 (42),
140 (42), 129 (33), 128 (10), 114 (57), 113 (22), 88 (12), 63 (15).
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