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Abstract: The nucleophilic aromatic substitution for heteroatom through
electrochemical oxidation of the intermediate o-complexes (Meisenheimer complexes)
in simple nitroaromatic compounds is reported for the first time. The studies have been
carried out with hydride, cyanide, fluoride, methoxi and ethanethiolate anions and n-
butylamine as a nucleophiles, at the cyclic voltammetry (CV) and preparative
electrolysis level. The cyclic voltammetry experiments allow to detection and
characterization of the o-complexes and they have lead us to a proposal for the
mechanism of the oxidation step. Furthermore, the power of the CV technique in the
analysis of the reaction mixture throughout the whole chemical and electrochemical

process is described.

Introduction

There are several mechanisms for aromatic
nucleophilic substitution'. When activating
groups are present on the ring, the SyAr
mechanism is generally found. The SyAr
mechanism, consists of two steps. In the
first step, the intermediates, also known as
o-complexes, are formed. These s-
complexes may be oH-compIexes and o*
complexes or jpso-adducts. The Ar-X bond
( in the o-complexes ) is broken in the
second step. Either, the formation or the
decomposition of the anionic intermediate,
o-complexes, may be rate limiting (Scheme

1).

These oH-compIexes may be converted into
products of hydrogen-atom replacement in
three ways, vicarious nucleophilic
substitution >® chemical oxidation *'" and
electrochemical oxidation >'> . Recent
papers 2 have been established the
mechanism of electrochemical oxidation of
oH-compIexes. The oxidation occurs in a
three-steps mechanism: a initial electron-
transfer on the electrode, one chemical
reaction and a second electron-transfer
probably in solution (Scheme 2).

Furthermore, the electrochemical oxidation
% of o"-complexes formed by addition by
CN™ to nitroarenes occur, with good yield,
giving rise to rearomatized compound in
what formally constitutes a loss of H . It is
particularly interesting to note that in the
cases where a low yield of NASH product
(nucleophilic aromatic substitution for
hydrogen) is observed , the product NASX
(nucleophilic aromatic substitution for
heteroatom) is obtained .

The conversion of o -complexes into
products of X-atom replacement ' is
strongly dependent on : the nature of the
leaving group, the nature of the nucleophilic
reagent and the medium effects, being the
solvent an important parameter determining
the energetics of SyAr substitutions. SyAr
reactions are normally carried out in protic
solvents in order to promote the
decomposition of the o-complex
intermediate into the final substitution
product in a process acid catalyzed. '® The
use of dipolar aprotic solvents (mainly
HMPA) has been Ilimited to NO,
displacements and the mechanism of
decomposition of the o-complex (2™ step)
has not been studied. ">
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The electrochemical methods are a
powerful tool ? for studying the o' -
complexes formed “in situ”, and to force the
substitution reaction to occur. Here, our
work will show that a 3|m|lar approach can
be used to study the o *.complexes and
thus to generalise the possibilities of
electrochemistry in SyAr reactions. In this
paper we focus our attention in the
following points:

a) knowing the efficiency of the
nucleophilic  aromatic  substitution
(determining the type of o-complexes
present in the soluton - o -org*
complexes- and their relative
proportions)

b) establishing the mechanism of the
electrochemical oxidation of the i
complexes, and

c) obtainlngj< ,by electrochemical oxidation
of the g”-complexes in DMF at 10°C ,
the rearomatized (substitution) product
in preparative useful yields.

OCHg QCH3OCH3
O-N 0, ON NO,
V] 2 N02
1b
Cl cl
02N (V) 2 02 ) )
o, ,
2 2a(1,3)" 2a(1,1)

d) The electrochemical methods result to
be very general, and open new
possibilities for the preparation of
compounds not easy to obtain by
standard chemical methods.

In order to establish the mechanistic details
and the synthetic scope of the
electrochemical method, this study has
been carried out for a wide series of 1,3,5-
trinitroderivatives, 1,3-dinitroderivatives and
nitroderivatives 1 to 9 (Chart of structures):
2,4 ,6-trinitroanisole 1, 1-chloro-2,4,6-
trinitrobenzene 2, 1,3,5-trinitrobenzene 3,
1,3-dinitrobenzene 4, 2,4-dinitroanisole 5,
1-fluoro-2,4-dinitrobenzene 6, 1-chloro-
2,4dinitrobenzene 7, 3-nitrobenzonitrile 8
and a,o,o-trifluoro-3-nitrotoluene 9 with five
anionic nucleophiles H ,CN,F, CH;0,
C,HsSand one neutral nucleophile
nBuNH,, in DMF as a solvent. We have
previously verified that spontaneous SyAr
does not occur in the reaction time (even up
24 h) in our conditions ( dry DMF, base 13°)

ke

4

;“iﬁ/@ -

6 7 8

Chart of structures

Results and Discussions

Mechanism of the electrochemical
oxidation of ox-complexes or ipso-
adducts

In this part, the c-complexes 1 b ,2a (1,1)

and 2 a (1,3) (Chart of structures ) are
studied. Theirs synthesis, purification,
characterisation and kinetics has been
previously described ">

Electrochemical Behaviour of 1 b~ ", A
typical voltammogram in DMF, at low scan
rates, is shown in Figure 1 a. No reduction
waves are observed in the first cathodic
scan, whereas an irreversible one-electron
oxidation wave appears in the oxidation
scan (c.a. 1.12 V). On the second cathodic
scan a reversible one-electron reduction
wave (c.a. —0.73V) is observed '®. This
reduction wave corresponds to the product
formed in the first anodic process.
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Figure 1. a) Cyclic voltammetry of 1b™ (10.0 mM) in DMF + 0.1M nBusNBF, at 10°C. Scan rate
1.0 V/s, glassy carbon disk electrode (0.05 mm diameter). The scan is in the potential range:
0.00/-1.00/1.50/0.00 V (2cycles) b) Cyclic voltammetry, after exhaustive electrolysis (1F/mol) of
a solution 6mM of 1b™ at 1.30 in DMF + 0.1M nBu4NBF, at 10°C. Scan rate 1.0 V/s, glassy
carbon disk electrode (0.05 mm diameter). The scan is in the potential range: 0.00/1.50/-
1.00/0.00 V (2 cycles) ¢) Cyclic voltammetry of 1 (6.0 mM) in DMF + 0.1M nBusNBF, at 10°C.
Scan rate 1.0 V/s, glassy carbon disk electrode (0.05 mm diameter). The scan is in the potential
range: 0.00/1.50/-1.00/0.00 V (2 cycles)
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Figure 1d. Cyclic voltammetry of 1b” (6.0 mM)
in DMF + 0.1M nBus;NBF, at 10°C. Scan rate
16.129V/s, platinium disk ultamicroelectrode
(9.6 um diameter). The scan is in the potential
range: 0.80/1.70/0.80 V.

The peak intensity for the oxidation wave
(analysed by comparison with the oxidation
of tris-(4-bromophenyl)amine) corresponds
to an one-electron process. The shape of
the voltammograms (peak width) indicates
that the electron transfer is fast with kinetic
control by chemical reaction ¥ The peak
potential is not concentration depending (in
the range 2-20 mM) and the variation of the
peak potential with the scan rate is 35 mV
by unit log v (scan rate) at low scan rates.
The voltammogram of 1 b presents a
single reversible oxidation one-electron
wave, with E® =129 V, at v 3 16.125V.s"
(Figure 1 d). We can thus conclude that the
initially produced radical reacts by a first
order reaction pathway in a stepwise EC
mechanism.

After exhaustive (1 F) controlled-potential
electrolysis (1.3V) of a solution of 1 b,
cyclic voltammetric analysis of this solution

(Figure 1 b) indicated that 1 (Figure 1 ¢ %°)
was the only final product formed, and that
it was produced in quantitative yield. On
the first anodic scan, the oxidation wave, at
1.12 V, does not exist; only after the
reduction of the product formed in the first
cathodic scan, a new oxidation wave
appears (c.a. 0.2V). The same behaviour is
shown by an authentical sample of 1
(Figure 1 ¢) . Furthermore the final product
1 was identified by GC+MS, '"H NMR and
C NMR analyses. (see Experimental
Section).

In summary, our experimental results show
that after exhaustive oxidation (1 F) of the
ox-complex or jpso-adduct 1 b, the
rearomatized (formally substituted)
compound 1, is obtained. The
voltammograms show that the oxidation of
ox-complex or jpso-adduct 1 b occurs
through a two-step mechanism (stepwise
mechanism EC): a fast electron-transfer on
the electrode ,and a chemical reaction that
is the rate determining step (Scheme 3)

} ) E°=129V
1~ - 1 —> 1b’
k
1b" — " 1+ "OCH, k» 105 5

1b~ - 1€ —» 1+ 'OCH,

Scheme 3

The first step involves loss of one electron
by the ox-complex or ipso-adduct 1 b with
formation of the corresponding radical 1b

This radical undergoes first order C-O
bond cleavage to give the final
rearomatized product 1 2'. We would like to
remark that 1 is obtained after loss of just
one electron by molof 1b .

Electrochemical Behaviour of 2 a #? (2 a
(1,1) and 2 a(1,3) ). Afresh sample of 2a

(see the experimental section) was used
in  electrochemical studies. The
voltammograms show the electrochemical
behaviour of 2 a , in all the cases, starting
with a cathodic scan no reduction waves
appear in the first scan, so neither 2 nor 3
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are initially present in the mixture of
reactants. Figure 2 a shows that upon
starting with an anodic scan, two waves
with E, = 0.68 V and E, = 1.24 V are

These reduction waves 2 correspond,

respectively, to 1-chloro-2,4,6-
trinitrobenzene 2, and 1,3,5-trinitrobenzene
3 formed in the oxidation scan.

observed. When this anodic scan is
followed by a cathodic scan, two waves
with E, =-0.53 V and E, = -0.56 V appear.

a
:
0.0 —
< A >
= \J 3.75 pA
- b
=
<%}
S
P
=
o
.
f ; 1
291 pA
| | |
| | |
-0.65 V 0.00 V 1.50 V
Potential (V vs SCE )

Figure 2. a) Cyclic voltammetry of 2a” (mixture 2a(1,1)" and 2a(1,3)) (6.0 mM) in DMF +
0.1M nBusNBF, at 10°C. Scan rate 1.0 V/s, glassy carbon disk electrode (0.05 mm
diameter). The scan is in the potential range: 0.00/1.50/-1.00/0.00 V

b) Cyclic voltammetry of 2a” (2a(1,3)") (6.0 mM) in DMF + 0.1M nBus;NBF, at
10°C. Scan rate 1.0 V/s, glassy carbon disk electrode (0.05 mm diameter). The scan is in
the potential range: 0.00/1.00/-1.00/0.00 V
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When the anodic scan is reversed after the
first oxidation wave (E, = 0.68 V) (Figure 2
b) ,only one reduction wave is obtained (E,
=-0.53 V). Thus, the oxidation wave at E,
= 1.24 V appears to be connected with the
reduction wave at E, = -0.56 V. That is to
say, 2 is obtained after oxidation of 2 a
(1,3) (the o"-complex) and 3 is obtained
after oxidation of 2 a (1,1) (the o™
complex or ipso-adduct). Scheme 4
summarises these results.

Since the electrochemical oxidation
mechanism  of GH-compIexes involves
two—electrons (NASH process)1 and we
have just shown that the corresponding
oxidation of ox-complex involves one-
electron (NASX process), it is possible to
determine, by direct measure of the relative
intensity of the peak potentials, their relative
concentrations. From the voltammogram of
Fig. 2, oH-compIex:ox-compIex = 30:70 in
good concordance with what it is reported
in the literature '°.

In order to identify and assign the oxidation
waves it is worth to notice that the peak
potential value in the crx-complexes
appears close to the oxidation potential of
the leaving group (the oxidation of the ClI
occurs at 1.12V).

X
‘\ . No-  FAST
\NOZ
Scheme 4

On the other hand, the potential values of
some significant o"-complexes can be
found in the literature .

In summary, the cyclic voltammmetry
allows for:

a) Determining the type and number of o
-complexes present in the solution
(number of waves, peak potential wave)
and their relative amounts (intensity of
peak wave).

b) Establishing the clean evolution of the
o -complexes to the rearomatized
nitroaromatic compounds when
oxidated, by observing the reduction
wave of the late after one anodic scan
of the solution.

c) It should be possible, in principle, to
achieve the final substitution products
by performing exhaustive electrolysis
of solutions of ¢ -complexes at precise
applied potentials. Therefore to obtain
substituted products, by means of
electrochemical oxidation methods, in
the SyAr reactions with  different
nucleophiles is the evident extension of

this work.
H Nu
X
¥ Q
NO

2

SN

z -
- N
I
+CD\
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Synthetic Scope

The o -complexes were prepared by careful
stoichiometric addition of different Nu (CN
JF, CHsO, C,HsSand nBuNH,) to
solutions 25mM of the nitroarenes, 2 to 9,
in dry DMF+ 0.1M nBuNBF, under inert
atmosphere at 10°C.Their characterisation
was carried out by Cyclic Voltammetry
(oxidation peak potential and intensity of
the remaining nitroarene reduction wave)
(columns 6, 10 and 4, Table 1 and 2). The
yield of formation of o -complexes is
superior to 40% in all the cases and its
formation is fast.

Cyclic voltammetry analysis clearly indicate
that in our conditions no spontaneous
evolution of the intermediates s-complexes
happens. Blank reactions (entries 1 and 6,
Table 1, without oxidation of the mixture)
led to less than 10% yields of substitution
products, and these products are probably
produced in the work up.

Table 1

Table 2
After exhaustive controlled potential
electrolysis, at oxidation peak potential

(column 8, Table 1 and 2) plus c.a. 100 mV,
the rearomatized substituted compound
(NASX product: ArNu, column 7, Table 1
and 2) is obtained. Electrochemical
efficiency goes from 0.50 to 2.00 (column
11, Table 1 and 2). The values higher than
1.0 can be explained considering that the
electrochemical oxidation of o™ —complexes
produces the displacement of the fast
equilibrium (Scheme 4) to the right, that is
to say, more reactant o -complexes # are
produced during the electrochemical
reaction. The reaction is clean, only
recovering starting material (column 2,
Table 1 and 2) apart from the substitution
product . When CN (Table 1, Entries:3,4,7
and 8. Table2, Entries:1,2,5,6 and 7)
(Scheme 5) " and nBuNH, (Table 1, Entry
6) are used, a NASH product was obtained
in a yield lower than 15%.

Very interesting is the reaction between
CH3;O and 1,3-dinitrobenzene (1:1) (Table
2, Entry 3). 100% of o -complexes is
produced and only 5% substituted product ,
3-nitroanisole, is obtained (NASX process).
The formation of 1-hydride-1-methoxi-2,4-
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dinitrocyclohexadienyl anion (95%) leads,
after one-electron oxidation, to starting
material (95%). In an excess of CH;O and
when the electrolysis of the mixture was
performed 24 hours later (Table 2, Entry 4)
it is possible to obtain the 3-nitroanisole in
good yield (90%), what indicates that the
initially formed o "-complexes evolves to
the o *-complexes even when X is placed in
a non activated position ( at least for X =
NO2)

It is important to underline that the
oxidation peak potential of ¢ *-complexes is
very depending on the nature of leaving
group, X . For the CI or F is ~ 1.35-1.40V
, for the CH;O is ~ 0.9V and for the NO,
is ~ 0.60-0.80 V. For the o"-complexes the
oxidation peak potential is only depending
on the number of nitro groups present in
the aromatic ring '+ oxidation peak potential
for two nitro groups complexes < oxidation
peak potential for three nitro groups
complexes.
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The results described in Table 1 and 2
demonstrate that the electrochemical
methodology is a powerful tool for the
synthesis of fluorine, thiolate, alcoxi
compounds and for the amination and the
cyanation of aromatic compounds.

Halogen as leaving group (Table 1)

Synthesis of fluoro compounds 6 (Entry 1):
Using, for instance, chloronitrocompounds
we obtain  fluoronitrocompounds by
replacement of a Cl for a F. By mixing 1-CI-
2,4-DNB (7) with tetramethylammonium
fluoride under nitrogen atmosphere in DMF
and followed by electrochemical oxidation
at 1.4 V passing 1F we obtain the Sanger’s
Reactant in good vyield (60%) . The
products can be easily separated by
column chromatography. Furthermore the
reactant is fully recovered (40%), being
therefore the electrochemical reaction
totally selective. Electrochemical oxidation
of intermediate o-complexes allows the
substitution of other halogens (chloride) by
fluoride in very mild conditions and it is
therefore complementary to the well know
fluorodenitration ** as an election method to
introduce fluorine in aromatic compounds .
Our results open a new avenue for
obtaining fluoro compounds, which are
specially important due to their chemical
and biological applications.

Synthesis of thio compounds,12 and alcoxy
compounds 5: (Entries 5 and 2).Upon
oxidation of the intermediate o-complex, the
chlorine atom in chloronitrocompounds can
be easily replaced by a SH-R group. Thus,
by mixing 1-Cl-2,4-DNB (7) with sodium
ethanethiolate under nitrogen atmosphere
in DMF followed by electrochemical
oxidation at 1.4 V passing 1F we obtain a
mixture of the ethyl 2,4-dinitrophenyl
thioether  (73% yield) and 2,4-
dinitrothiophenol (10% yield) (Entry 5). The
products were easily separated by column
chromatography. Furthermore, the starting
material that hasn’t reacted was also
recovered. Following the same procedure,
good results were also obtained when
potassium methoxide was used instead of
sodium ethanethiolate (Entry 2)

Amination (compounds 13 and 14) and
Cyanation processes (compound 10):
(Entries 6,9 and 3,4,7,8 respectively). Good
results were obtained for both processes,
especially in the case of amines where

substitution percentages are between 80-
95% (Entries 6 and 9).

The case of cyanation, even though the
yields are not very high, demonstrate the
possibilities of the  electrochemical
technique, since it is well know that no
heteroatom substitution is produced in
standard SyAr conditions when cyanide is
used as a nucleophile 2 The results
reported in Table 1 (entries 3,4,7 and 8)
indicate that upon oxidation of the o
complex, moderate yields of cyanide
displacement of halogen are obtained (as
far as we know this constitutes the first
report of such a substitution). Notice that
cyanide has a strong tendency to attack
non-substituted positions in the aromatic
rings, and we have recently reported that by
applying a lower potential &corresponding to
the oxidation of the o -complexes) to
related reaction  mixtures, selective
9xidative hydrogen substitution is produced

Leaving groups other than halogen
(Table 2)

In Table 2, the oxidative substitution of
leaving groups others than halogens is
described. Thus, a very poor leaving group
such as methoxide can be replaced by a
very inactive nucleophile (from the point of
view of the SyAr of heteroatom, as
commented in a previous paragraph) such
as cyanide, in moderate yields ( entries 1
and 2). On the other hand, a meta NO,
group is poorly activating as compared with
an ortho or para NO, group, and therefore,
very few synthetically useful SyAr reactions
involving displacement of NO, group in m-
dinitrobenzene have been reported ™ . In
Table 2 (entries 3,4,5,6 and 7) different
examples of oxidative nitro group
substitution in m-dinitrobenzene by
different nucleophiles (CH3;O, CN ) are
described with preparative yields that go
from modest to good. Again, cyanide shows
to be a fair nucleophile in our conditions,
even able to displace a non activated nitro

group.
Finally, in entry 8, fluoride displacement of

a nitro group in 1,3,5-trinitrobenzene is
described.
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Summary

The electrochemical oxidation of ipso-
Meisenheimer complexes has been studied
by means of cyclic voltammetry and a
mechanism linking intermediates and
products has been proposed (Scheme 3).
Interestingly  enough, electrochemical
oxidation of these ¢"-complexes allow to
“jump” from the “polar”2 SNAr mechanism
(1% reaction) to the “radical’ 2 ipso-
substitution in aromatic compounds (2”d
reaction), taking the best part of each: easy
manipulation of reagents (“polar’), and
activation of the intermediate towards
decomposition into products (“radical”). In
the Scheme 6 a comparison of the three
mechanism is depicted.

The use of cyclic voltammetry as a tool in
this field ,open multiple applications. For
example, the kind and the number of
Meisenheimer complexes present in a
mixture can be characterised and

quantified. It is also possible to know
whether the final product obtained as a
result of the Meisenheimer complex
oxidation will be the substitution product or
the initial compound. Considering that in
must cases the classical nucleophilic
aromatic substitution is not synthetically
useful due to poor yields and slowness. Our
electrochemical approach opens an avenue
in the field of the synthesis of aromatic
derivates since electrochemical activation
makes possible to overcome the chemical
drawbacks broadening the synthetic
applications of SyAr reactions.

As we have described here, it is possible to
know the electrochemical features of the
Meisenheimer complexes, their oxidation
mechanisms. By applying the oxidation
potential of the Meisenheimer adduct,
precursor of the substituted product in a
controlled potential electrolysis, to obtain
the substitution product in most case in a
selective way.

/ X
Ar-X + Nu =— Ar\ —_— Ar-Nu + X - SNAr " po|ar "
Nu
X :
AI’-X + Y ' _— Ar\ —_— Ar'Y + X SNAr " rad|ca| "
Y
i} Ar-Nu + X
X [0] X /
Ar-X + Nu~ =—= Ar< — A
Nu Ny \ _ Activated "
Ar-X + Nu
Scheme 6
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Experimental Section

General Considerations. DMF (“SDS pour
syntheses peptidiques”) and NBu4BF,
(Fluka puriss.) were used without further
purification.

1,3,5-Trinitrobenzene  (3) was  from
Supelco. 1,3-Dinitrobenzene (4), 1-fluoro-
2,4-dinitrobenzene (6), 1-chloro-2,4-
dinitrobenzene (7), 3-nitrobenzonitrile (8),
a,a,a-trifluoro3-nitro-toluene (9) were from
Aldrich. 1-Methoxy-2,4-dinitrobenzene (5)
was from Across.

All the reactants available commercially
were of the highest purity available and
were used without further purification.

Synthesis of Starting Materials. 1-
Methoxy-2,4,6-trinitrobenzene 1 was
synthesised in our laboratory. Following the
method described in the literature % 20 ml
of concentrated H,SO, was added slowly
to a mixture of 40 ml of fuming HNO; . The
mixture was cooled in an ice bath.
Immediately after 20ml of H,SO, were
added. Next, 4-methoxibenzoic acid (33
mmol ) was added carefully to the acidic
mixture. The ice bath was removed and the
mixture was heated at 70-75° C during 3
hours. After cooling, it was poured into ice-
water. The solid was collected and dried.
The product obtained was identified as 1-
methoxy-2-4-6-Trinitrobenzene 1 ( 6,8 g,
85 % ).

1,1-Dimethoxy-2,4,6,trinitrocyclohexadienyl
anion 1 b potassium salt. It was
synthesised foIIowin1g5 a method described
in the literature™: A  solution of
CH3;0OK/CH3;0OH was prepared adding
metallic potassium to anhydrous methanol.
1-methoxy-2,4,6-trinitobenzene ( 0.4 mmol )
was dissolved in 5ml of anhydrous dioxane,
under nitrogen atmosphere. The
CH3;OK/CH30H solution was added to the
1-methoxy-2,4,6-trinitobenzene 1 solution
under nitrogen atmosphere. The solution
became red and a solid began to
precipitate. The solid was collected and
dried. It was identifiedas1b .

1-Chloro-2,4,6-trinitobenzene 2 was
synthesised in our laboratory. Following the
method described in the literature 2": 15ml
of POCI; were added to 22mmol of picric
acid. Next, 2,5 ml of pyridine were added
carefully. The mixture was heated to 120-
125°C during one hour. After cooling the

mixture to room temperature, it was poured
into ice-water. The solid was collected and
dried. It was identified as 1-chloro-2,4,6-
trinitrobenzene 2 (3,99, 72 % )

Synthesis of a 2 a in a solid form
.Following the method described in the
literature '® :A solution of dry powered
tetramethylamonium borohydride ( 2.0
mmol in 5 ml of tetrahydrofurane) was
added to a solution of 1-Chloro-2,4,6-
trinitobenzene 2 ( 2.0mmol in 5ml of
tetrahydrofurane) The suspension was
stirred, and kept under nitrogen atmosphere
during 2 hours. The product formed was
precipitated by addition of 50 ml of dry
ether, collected by suction under nitrogen
atmosphere, washed with dry ether, and
dried by passing dry nitrogen there through.
Yield 70%. 2 a is a mixture 30:70 of 1,1-
dihydride-3-chloro-2,4,6-
trinitrocyclohexadienyl anion 2a(1,3)
tetramethylamonium salt and 1-chloro-1-
hydride- 2,4,6-trinitrocyclohexadienyl anion
2a(1,1) tetramethylamonium sailt.

All products were identified by comparison
of their spectroscopy behaviour with the
reported in the literature for each case.

General procedure for NASX in
nitroarenes. A solution of nitroarene (2-9)
25 mM in 5 ml of DMF, which contains
0.1646 g of NBuyBF, (0.1M) as supporting
electrolyte, was prepared under nitrogen
atmosphere. The corresponding s*-
complex was prepared by careful addition
of the nucleophile (tetraethylammonium
cyanide, tetramethylammonium fluoride,
sodium ethanethiolate, N-butylamines or
potassium methoxide) to a solution of the
nitroarene under nitrogen atmosphere.

The oxidation peaks of s-complexes were
measured by cyclic voltammetry. An
electrolysis were carried out at values of
potential c.a. 100 mV more positive than
the value measured for each sx-complex. A
carbon graphite electrode was used as a
working electrode.

After an exhaustive controlled potential
electrolysis, the electrolysis was stopped.
The mixture was extracted between
toluene/water. The organic layer was dried
with Na,SO, and evaporated affording a
residue that was analysed by gas
chromatography. The final products were
analysed by gas chromatography/mass
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spectroscopy, 'H RMN and cyclic
voltammetry. The analyse showed the
presence of nitoaromatic compounds.

Compounds 3-11, 15-19 were identified by
comparison of  their spectroscopic
behaviour with commercial samples.
Compounds 12-14 were identified by
comparison of  their spectroscopic
behaviour with the reported in the literature
in each case 2,

Instrumentation and Procedures. The
instrumentation and procedure1$21we1re the
same as previously described"?'*?" |
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11

El Sistema Electroguimico utilizado es de uso
habitual en el Laboratecrio [Andrieux, C.P. et al. (1994)
Tetrahedron, 23, 6913] 3% consta de una celda
electrogquimica y un Potenciostato-Galvanostato EG&G modelo
273 A.

Se utiliza un sistema a 3 electrodos: un electrodo
de trabajo, gque es una barra de grafitc {(§ = 450 mm v L =
650 'mm) , un contralectrodo, que es un hiloc de platino (¢ =
1 mm) y un electrodo de calomelancs saturado (SCE Tacussel
XR-110) como electrodo de referencia. Estos dos UGltimes
electrodos estdn en contacto con la disolucidén por medio
de un puente gue contiene en cada uno de los casos unos 2
ml de discolucién 0.1M de TBA BF, en DMF., La celda se
mantiene bajo un burbujeo constante de nitrdgeno o argdn.

; La oxidacidén electroquimica se lleva a cabo
aplicando un potencial de oxidacidén hasta el consumo total
de los Complejos de Meisenheimer formados (7.2375 C).

Una vez finalizada la reaccidn electroguimica, se
procede a separar los productos de reacciédn del
electrolite de fondo (TBA BF,;) mediante extracciones
sucesivas utilizando mezclas tolueno/agua {1:1).

Se obtiene un 46% de 2,4-dinitrobenzonitrile, un
de 2,4~
dinitroisoftalonitrile y se recupera un 49% de 1,3-

e

4% de 1,3-nitrobenzonitrilo, un 1

dinitrobencenc {producto de partida).

Los productos se analizaron por CG-EM, ‘H-RMN,
Egpectroscopia UV-Visible vy Voltametria Ciclica.

Se chgerva que al variar la relacidn
estequiométrica entre los  reactivos, aumentando la
cantidad de nucledfilo, no varia el tipo de productos
obtenidos pero si su cantidad relativa. En estos casos se

recupera una mencr cantidad del producto de partida.
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3.5. Conclusiones Generales (parte I)

1. Se ha determinado el mecanismo de oxidacion electroquimico para todo tipo de
compuestos de Meisenheimer (s™-aductos y s*-aductos) tanto en medios no

nucleofilos como en presencia de nucledfilos/bases.

2. Se ha introducido, perfeccionado y consolidado la utilizacion de la voltametria
ciclica, técnica electroquimica, para la obtencion de informacién tanto de tipo
cualitativo como cuantitativo, en lo que se refiere al numero y la concentracion
de los complejos presentes en la mezcla de reaccion, pudiendo ser utilizada
incluso para obtener informacién estructural (caracterizacion) de los complejos
presentes en la disolucion, como ha quedado demostrado en numerosos

ejemplos.

En resumen: La introduccion de la Voltametria Ciclica como técnica
para la realizaciéon de determinaciones analiticas, mecanistas e incluso en
ocasiones estructurales de c-complejos, aporta informacién nueva o
adicional muy importante.

3. A partir de estudios voltamétricos previos se puede conocer la extension de la

reaccién nucledfila de substitucion ya sea de hidrégeno o de heteratomo (
procesos NASH o NASX).

4. Se han demostrado las grandes posibilidades sintéticas de los procesos NASH

y NASX electroquimicos.

5. Se han esayado con éxito diferentes alternativas para sintetizar el mismo
producto, lo que nos da idea de la versatilidad de la técnica y de la

adaptabilidad de la misma a nuestras necesidades sintéticas.

6. Se ha ampliado en rango de potenciales de oxidaciéon accesibles por oxidantes
quimicos, ampliandose asi el numero de compuestos Meisenheimer oxidables,
en lo que es un proceso mas limpio, selectivo y en la mayoria de los casos mas
eficaz.
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En resumen: La utilizacion de oxidaciones electroquimicas de o-
complejos, formados por adicién de nucleéfilos a nitroarenos, conduce a
buenos rendimientos de productos rearomatizados en lo que es un
método de sintesis directo, accesible, rapido, limpio y de alta economia
de atomos.
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