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Electrochemistry in Liquid Ammonia. VII. Halonitrobenzenes
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The reduction of halonitrobenzenes (RX) (o-,
m-, p-Cl; m-Br; 0-, m-, p-I) in liquid ammonia,
0.1 MKI at a platinum electrode was investigated
by cyclic voltammetric and controlled potential
coulometric techniques. In this medium the
radical anions, RX™, were much more stable
compared to other nonaqueous systems; for
example, the m-Cl and p-Cl radical anions were
stable on the coulometric time scale (lifetimes
30 min). The dianions of most of these (RX?")
underwent rapid loss of halide ion; however, the
dianion of m-chloronitrobenzene was stable.
Estimates of the rate constants for the loss of
halide by the dianions are given.

The electrochemical reduction of halogenated
aromatic compounds has been discussed in
numerous reports 4 and especially exhaustively
in Ref. 1. In general, the reduction process of
aryl halides can be represented by the following
reaction scheme:

RX + e — RX™ 1)
RX~ —k> R + X )
R +e— R 3)
R +HS— RH + § @)

where HS is a solvent.

The rate of the halogen cleavage process
depends upon the solvent, the nature of the
halogen and its position on the aromatic ring, and
the presence of various other substituents on the
molecule. The stability of the radical anions
formed by electron uptake is enhanced by in-
creasing the odd electron’s delocalization
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through the presence of electron-withdrawing
groups (-NO,, -CN). The potential for reduction
of the neutral radical (R’) is usually more positive
than that of the parent (RX) leading ultimately to
the formation of a carbanion which is rapidly
protonated by the solvent. In dimethylformamide
(DMF), acetonitrile (MeCN), and dimethyl sul-
foxide (DMSO), there has been evidence that R’
(the product of reaction 2) can undergo a
hydrogen abstraction reaction involving the sol-
vent:

R +HS—>RH+S (5)

The hydrogen abstraction mechanism usually
results in an apparent number of electrons passed
in a coulometric reduction of less than 2. This
also leads to formation of solvent-substituted
products produced by a variety of reaction paths
involving R" and §'. In certain cases, where the
radical anion of the halogenated parent (RX ™) is
more stable, other reaction pathways, including
disproportionation, are possible:

R + RX~— R+ RX (6)
R +HS— RH+§ 7

This overall reaction pathway is indistinguish-
able from the mechanism represented by reac-
tions (1)-(4). The final product is the same and
involves the addition of 2 electrons and 1 proton
per molecule.

The formation of stable radical anions of
certain members of a series of halogenated
benzophenones and fluorenones in DMF,
DMSO, and ACN have been reported.>'!!5 In
fact, such radicals were sufficiently long-lived to
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permit their detection by ESR and the measure-
ment by cyclic voltammetry and polarography of
the standard potential, E°, for the RX/RX"~
couple. The stability of the RX ™ can be measured
by lowering the temperature, thus slowing down
the halogen cleavage rate and retarding side
reactions with impurities and solvent.®!® Liquid
NH; has been shown to be a suitable solvent to
investigate the halogen cleavage process in the
absence of possible hydrogen abstraction. The
reduction of a series of halobenzophenones in
NH; has been reported.!® The enhanced stability
of the generated radical ions observed in liquid
NH; was attributed to the low temperature
(—40 °C) conditions of the experiment. However,
stable dianions were also easily formed in this
solvent. This has not been possible in other
nonaqueous solvents, such as DMF and MeCN.

The electrochemical reduction of haloni-
trobenzenes in ACN, DMF and DMSO has been
described.*™ In all cases, the reduction process
involved the formation of the corresponding
radical anion and halide ion. Nitrobenzene,
which is the main reaction product, is formed by
hydrogen atom abstraction from either the sol-
vent or the supporting electrolyte. The proposed
reaction mechanism was consistent with an ECE-
type mechanism (chemical reaction between elec-
tron transfer processes). ESR experiments in-
volving in situ generation of halogenated ni-
trobenzene radical anions in CD;CN confirmed
that the abstraction of the hydrogen atom is, in
fact, from the solvent and not from the support-
ing electrolyte.® The relative decomposition rates
of the radical anions increased in the order:

0-iodo>0-bromo>>p-iodo>m-iodo.

The fast kinetics associated with the halogen
cleavage step at room temperature prevented the
investigation of the electrogenerated radical an-
ion. For this reason, low temperature electroche-
mical studies were performed in an attempt to
isolate the one-electron transfer reduction. At
-19 °C, the rates of follow-up chemical reactions
were sufficiently slowed that a cyclic voltammo-
gram of p-iodonitrobenzene, for example, indi-
cated a one-electron reversible wave. Informa-
tion about the lifetimes of unstable radical anions
of aromatic halides has also recently been
obtained by utilizing homogeneous redox cataly-
sis reactions for generation of RX .2

The previous studies produced little or no
information regarding the stabilities of the dian-
ions. In fact, protonation was so rapid that
dianions were not detected even at relatively low
temperatures. Past investigations from this
laboratory of the reduction of several compounds
(nitrobenzene, nitrosobenzene and benzophe-
none) in liquid NH; demonstrated that this
solvent was useful for the formation of stable
radical anions and dianions.!”?° In the study
reported here, we extend this solvent to haloni-
trobenzenes to probe their reduction behavior
and compare the reactivity of the radical anions
with other nonaqueous solvent systems.

EXPERIMENTAL

The apparatus and experimental techniques for
solvent handling and purification were described
in detail in earlier papers.'®?! The supporting
electrolyte used in the experiments, reagent
grade potassium iodide, was dried at 120 °C in an
oven and then stored in a desiccator. The cell
used for electrochemical measurements was a
standard three-compartment cell with a Pt disk
(0.04 cm?) working electrode for voltammetry
and a large Pt-screen working electrode for
coulometry. Details of components and design of
a similar cell have been previously described. 82
The electrochemical experiments were carried
out with a PAR Model 173 potentiostat incorpor-
ating a Model 179 digital coulometer equipped
with positive feedback for IR compensation and a
Model 175 Programmer (Princeton Applied Re-
search Corporation, Princeton, NJ). A Model
2000 X-Y recorder (Houston Instruments, Aus-
tin, Texas) was used to record the current-
potential curves. For fast scan rates, a Tektronix
Model 564 storage scope was used. The experi-
ments were performed at —40 °C.

RESULTS AND DISCUSSION

o-Chloronitrobenzene. The cyclic voltammet-
ric, CV, results for the reduction of o-chloroni-
trobenzene at a Pt-electrode in liquid NHj
containing 0.1 M KI at —40 °C shows three
reduction waves at 0.4, -1.1 and -1.22 V vs.
Ag/AgNO; (0.1 M). A typical cyclic voltammo-
gram is shown in Fig. 1. The reversible wave at
—0.4 V had a peak separation of 50 mV (46 mV
theoretically for a one electron reversible process
at —40 °C). The current ratio i,/ip. was 1.01 (ipa—
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Fig. 1. Cyclic voltammogram for the reduction of
2.10 mM o-chloronitrobenzene in liquid NHj at
—40 °C. Sweep rate 200 mV/s.

anodic peak current, i, — cathodic peak current).
Controlled potential coulometry at —0.60 V re-
sulted in the passage of 0.96 F/mol. The elec-
trogenerated radical anion had a bright orange
color. A cyclic voltammogram of the solution
following coulometry and initiated at -0.6 V
indicated the presence of the initial reversible
wave. Coulometric oxidation at —0.1 V resulted
in an n,,p = 0.93 (where n,p, is the number of
F/mol). The CV and coulometric results indicate
that the first reduction wave corresponds to the
production of a stable radical anion of o-chloro-
nitrobenzene:

NO, NO,
cl cl
@/ e o (8)

This species was stable on both the CV and
coulometric time scale as indicated by the
coulometric oxidation data.

These can be compared with those obtained by
Fujinaga and coworkers (Ref. 21) from ESR
studies using in situ generation of various
halogenated radicals of nitrobenzene in DMF.
The ESR data indicated that the electrogener-
ated radical anion of o-chloronitrobenzene was
stable by the observation of its spectrum. Howev-
er, if the radical anion was generated coulometri-
cally, it was stable only for about 15 min. The
dehalogenation was evident by the appearance of
lines for nitrobenzene radical anion in the ESR
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Table 1. The effect of scan rate on peak potential
of the second reduction wave of o-chloroni-
trobenzene in liquid NH;. C=2.1 mM, t=—40 °C.

Scan rate (V/s) -E (Volts)
0.05 1.10
0.10 1.10
0.20 1.1
0.50 1.14
1.00 1.14

spectrum. The data presented for o-chloroni-
trobenzene show an enhanced stability of the
radical anion in liquid NH; over other nona-
queous solvents, which could be attributed to
the low-temperature conditions of the reaction
(—40 °C). No decomposition was observed even
when the electrogenerated radical anion of o-
chloronitrobenzene was allowed to stand at
—40°C for 30 min as evident by oxidative
coulometry, where essentially complete regen-
eration of parent with the same number of
coulombs as in the previous reduction was found.

The second reduction wave at -1.1 V as shown
in Fig. 1 was irreversible even at scan rates up to
10 V/s. The peak potential of this wave shifted
towards negative values by about 40 mV for each
10-fold increase in scan rate, Table 1. The peak
current, iy, at a scan rate of 200 mV/s was about
1.8 times as large as that of the current of the first
reduction wave. Although the peak potential of
the third reversible wave was independent of scan
rate, its peak height varied with v. When the scan
rate was slow, the peak was slightly larger. The
electrolysis of the solution at —1.12 V following
the first electrolysis resulted in a dark brown
solution and an n,p, of 2.1. The potential was
carefully monitored for any possible shift during
the electrolysis so as not to include the wave at
-1.22 V which could result in higher-than-pre-
dicted n,pp-values. A potential scan performed
following coulometry and initiated at -1.12 V
resulted in the appearance of a new reversible
wave at potentials slightly negative of the first
reduction wave. The reversible wave at -1.22 V
remained. The introduction of small amounts of
nitrobenzene to the solution produced a cyclic
voltammogram identical to that obtained after
coulometry except that the waves were much
larger. The analysis of the previous data clearly
shows that the radical anion of o-chloroni-
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trobenzene is reduced at potentials more nega-
tive than -1.0 V to produce ultimately nit-
robenzene radical anion with the uptake of 2
electrons and a proton. The nitrobenzene radical
anion is further reduced at —1.22 to the dianion.
A possible reaction mechanism is:

NO, NO,
cl ct
+ e — ()
NO NO
at the 20| 2
second ‘ — o+ @‘ (10)
wave ) @
NO2 NO2 NO2
- - e_
@ *N“3"© +NH, —'(‘ n
NO2> NO2
at the
third te = 2

wave

The rate constant for the halogen cleavage
process, reaction (10), can be estimated from CV
data to be about 1.2 s,

The slight increase in peak height of the third
reduction wave with decreasing scan rate can be
explained by the fact that as the scan rate is
decreased, more time is available for the radical
anion of o-chloronitrobenzene to dehalogenate.
On the other hand, at high scan rates, the
decomposition of the radical anion is slowed
which inhibits nitrobenzene production. The
absence of anodic current for the second wave,
even at relatively high scan rates, implies that the
halogen cleavage, reaction (10), is very fast and
that the rate-determining step is the protonation
of the carbanion, reaction (11).

m-Chloronitrobenzene. The electrochemical
reduction of m-chloronitrobenzene in liquid NH;
resulted in two reversible one-electron waves at
0.3 and -1.09 V vs. Ag/AgNO; (0.1 M) as
shown in Fig. 2. The peak potential for both
waves showed no dependency on scan rate. The
coulometric reduction of the solution at -0.5 V
produced the orange radical anion and an ngp,-
value of 0.95. The radical anion was very stable
on the coulometric time scale, and could be
oxidized back to the parent with an n,p,-value of
0.92. Controlled potential electrolysis at -1.12 V
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Fig. 2. Cyclic voltammogram for the reduction of
4.1 mM m-chloronitrobenzene in liquid NH; at
—40 °C. Sweep rate 200 mV/s.

gave a dark red solution after coulometry initi-
ated at —1.12 and swept in a positive direction
resulted in the production of two new reversible
waves at —0.42 V and at -1.25 V (Fig. 3). The
height of these waves was about 10 % of that of
the initial reversible waves. From the time
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Fig. 3. Cyclic voltammogram for m-chloroni-
trobenzene following coulometric reduction at
-1.12 V. Sweep rate 200 mV/s. C=4.1 mM,
t=—40 °C.
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required to complete the electrolysis, 15 min, and
the information regarding nitrobenzene produc-
tion from cyclic voltammetry, the rate constant
for the dehalogenation of the dianion was esti-
mated to be >107 s,

The results indicate that the mechanism of the
reduction of m-chloronitrobenzene in liquid NH;
involves the transfer of single electron to form a
stable radical anion of the parent. This species
was extremely stable as it can be quantitatively
reconverted to the parent compound. The dian-
ion of m-chloronitrobenzene, although it was
stable on the CV time scale, underwent slight
decomposition after bulk electrolysis. This de-
composition did not exceed 15 %, even when the
generated dianion was allowed to stand for 30
min before coulometric oxidation was initiated.
From the previous data, we conclude that the
reduction of m-chloronitrobenzene in liquid NH;
involves two one-electron transfer steps to form a
stable anion radical and a dianion. The de-
halogenation of the dianion is very slow, so that a
mechanism of the reaction can be written as:

NO, NO,
Qv =@,
cl cl
NO, NO,

1

+ e~ (14)

Cl Cl
NO2 NO2

Clves'.ow ©_+Cl' (15)

Although the dianion of m-chloronitrobenzene
was very stable, stepping the potential to the
solvent cathodic limits resulted in a noticeable
increase in nitrobenzene production. In fact, if
the potential was held at -2.2 V for a few
minutes, the decomposition of halogenated dian-
ion to nitrobenzene dianion was complete. This
observation, although unusual, is not surprising,
since the cathodic limit of NH; involves the
production of solvated electrons. This very strong
reducing species probably causes electron addi-
tion to the halogenated dianion forming a
trianionic species which rapidly cleaves a halide.

p-Chloronitrobenzene. The CV for the reduc-
tion of p-chloronitrobenzene is given in Fig. 4.
The voltammogram indicates two successive one-
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Fig. 4. Cyclic voltammogram for the reduction of
2.05 mM p-chloronitrobenzene in liquid NHj.
Sweep rate 200 mV/s, t=—40 °C.

electron processes at —-0.36 and —1.16 V. The
peak potentials of these waves were not affected
by changes in sweep rate. In addition, no new
waves appeared even at relatively slow scan
rates, e.g., 20 mV/s. Controlled potential experi-
ments were performed to investigate the stability
of the radical anion and resulted in an n,p, = 1.06
for the first wave. No evidence of dehalogenation
was observed, since 98 % of the radical anion
was converted to the parent by coulometric
oxidation. Coulometric reduction at -1.18 V
produced an n,,, = 1.85 and a dark brown
solution. A potential scan in the positive direc-
tion from -1.18 V showed that the original
reversible wave at —0.36 V had disappeared and a
new reversible wave appeared at ~0.42 V. When
the potential was swept negatively from -1.18 V,
another reversible wave was present at -1.22 V
(Fig. 5). To confirm that these two new waves
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Fig. 5. Cyclic voltammetry following coulometric
reduction at -1.18 V of a 4.1 mM solution of
p-chloronitrobenzene in liquid NH;. Sweep rate
200 mV/s, t=—40 °C.
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were those of nitrobenzene, a 2 ul sample of pure
nitrobenzene was introduced into the cell. The
cyclic voltammogram of the resulting solution
was identical to that obtained before the addition
of nitrobenzene with the exception that the peak
currents were larger. The previous experimental
data clearly demonstrate that p-chloroni-
trobenzene was reduced initially to a stable
radical anion in liquid NH;. The addition of a
second electron results in the formation of the
dianion of the halogenated parent. This species,
although stable on the CV time scale, undergoes
dehalogenation and complete conversion to ni-
trobenzene upon electrolysis.
m-Bromonitrobenzene. The CV behavior of
m-bromonitrobenzene in liquid NH; is shown in
Fig. 6. Two one-electron reversible waves were
observed at -0.30 and -1.08 V, with peak
separations of 49+3 mV and 43+3 mV, respec-
tively. The peak potentials for both waves were
independent of scan rate, characteristic of nern-
stian reactions. The extension of the potential
sweep beyond -1.2 V resulted in the appearance
of a new wave at —1.25 V and on scan reversal a
second small oxidation wave at -0.38 V. A typical
cyclic voltammogram of this system at different
scan rates is shown in Fig. 7. At potential sweeps
of less than 100 mV/s, the wave at —1.08 V began
to lose its reversible appearance and, at the same
time, the one at —1.25 V increased in height. At
sweeps >500 mV/s, however, the wave at-1.08 V
was totally reversible and the wave at -1.25 V
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Fig. 6. Cyclic voltammogram for the reduction of
a 3.75 mM solution of m-bromonitrobenzene in
liquid NH;. Sweep rate 200 mV/s, t=—40 °C.
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Fig. 7. Cyclic voltammogram for the reduction of
3.75 mM m-bromonitrobenzene at various sweep
rates: (a) 50 mV/s; (b) 100 mV/s; (c) 500 mV/s.

had completely disappeared. The data represents
an ECE type process. The slow sweeps allow
sufficient time for the dehalogenation and forma-
tion of nitrobenzene dianion. The electrolysis of
the solution at -0.40 V resulted in the formation
of an orange radical anion with n,p, = 1.10. This
species was stable to permit its quantitative
conversion to the parent molecule. On the other
hand, coulometric reduction at -1.1 V resulted in
the passage of 1.95 F/mol and a deep red
solution. The CV results following electrolysis
indicated the presence of the two nitrobenzene
waves discussed previously and observed for
other halonitrobenzenes. The overall reaction
sequence thus can be represented by:

at the NO, 0,
first @\
+ e = ‘ (16)
wave Br @ N
at the NO2 NO2
second
wave at ‘ + e = ‘ an
scan @ Br @ Br

rates
>0.5V/s
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at the
second NO2 NO2
wave at K (18)
slow sweep ;" @. + Br
rates
NO, NO, NO,
- €
©_+NH:;’-‘ @ +NH2 - (19)

NO.
at the 2

N02
third + e~ = (20)

wave

The CV data permits the estimation of a rate
constant, k, for the halide elimination step,
reaction (18), of the order of 1072 571,

o-lodonitrobenzene. The reduction of o-iodo-
nitrobenzene in liquid NH; occurred in three
successive waves. Two reversible waves are
observed at -0.40 V and -1.22 V and an
irreversible wave at -0.84 V. The E for the first
reduction wave was completely independent of
scan rate; the same was true for the third wave.
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Fig. 8. Cyclic voltammogram for the reduction of
3.78 mM o-iodonitrobenzene in liquid NHj.
Sweep rate 200 mV/s, t=—40 °C.
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Fig. 9. Cyclic voltammogram for the reduction of
5.12 mM me-iodonitrobenzene in liquid NHj.
Sweep rate 200 mV/s, t=—40 °C.

The irreversible wave at —0.84 V was almost twice
as large as the other two waves. The peak
potential of this wave was dependent on scan rate
where a 10-fold increase in sweep rate resulted in
a 20 mV negative shift in peak potential. No
anodic current was observed for this wave even
when the sweep rate was increased to 50 V/s. The
cyclic voltammogram of the system is given in
Fig. 8. Coulometry at —0.6 V produced an n,p, =
1.6. The cyclic voltammogram following elec-
trolysis and initiated at —0.6 V resulted in the
appearance of two reversible waves at —0.38 and
—0.20 V, respectively. Addition of a 2 ul of pure
nitrobenzene caused an increase in the wave at
-0.2 V. The second electrolysis experiment at
—0.90 V resulted in nyp, = 1.51 and a voltammo-
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gram showing only nitrobenzene waves at ~0.28
V and -1.10 V. The voltammetric results lead to
the conclusion that the reduction of o-iodoni-
trobenzene in liquid NH; proceeds by the initial
production of a stable radical anion. The
coulometric experiments, however, show that
this radical anion is partially decomposed to
nitrobenzene in about 20 min, the duration of the
electrolysis. When the electrolyzed solution was
allowed to stand at —40 °C for an additional 15
min, no decrease in the height of the wave
corresponding to I-C¢H,—~NO,™ was observed.

m-lodonitrobenzene. The CV results for the
reduction of m-iodonitrobenzene in liquid NH;
were very similar to those obtained from the
ortho isomer. However, the halogen cleavage
process was much more rapid for the ortho
derivative. The voltammograms given in Fig. 9
show three well-defined waves at -0.32, -1.05
and -1.24 V, respectively. As previously, a stable
radical anion is formed as seen by the reversibil-
ity of the first wave on the CV time scale. The
irreversible wave at —1.05 V was about 1.7 times
as large as the first reduction wave. Moreover, its
peak potential shifted toward negative values
with increasing scan rate. Evidence of de-
halogenation of m-iodonitrobenzene species was
also detected by a multicycle voltammogram
which indicated that repeated cycling produced a
new reversible wave at the same potential as that
of the formation of the radical anion of ni-
trobenzene. The electrolysis of the solution at
~0.45 V resulted in the passage of 0.93 F/mol.
The solution was orange and showed a CV
behavior identical to the parent. A second
coulometric electrolysis was performed at —1.10
V and an n,,, = 1.78 was obtained. The cyclic
voltammogram of this solution following
coulometry revealed two reversible waves at
-0.42 and -1.24 V corresponding to the two-step
reduction of nitrobenzene. The results indicate
that the reduction of m-iodonitrobenzene in-
volves the production of a radical anion which is
stable even on the coulometric time scale. The
dianion, however, rapidly loses iodide ion to
produce, ultimately, nitrobenzene. The CV data
at varying sweep rates permit the calculation of a
rate1 constant for the dehalogenation process as
25

p-lodonitrobenzene. Three reduction waves
were observed for the reduction of p-iodoni-
trobenzene: a reversible wave at -0.30 V, an

iquid NH;,

Table 2. Summary of the cyclic voltammetric and coulometric data for the reduction of a series of halonitrobenzenes in li

containing 0.1 M KI at 40 °C.“

iP/VI/ZC
A s2 'VY2 mmol

-E, (R/RY) k (sY)F

Volits

Mapp

-E, (RX"/RX*) n
Voﬁts

b
Rapp

_E, (RX/RXY) n

Voits

Compound

oL L o=
| = | = | NN
\A
\
38  383]
— —

SVvooNO
AR F @

0
0
0
0
0.
0
0
0

0-Cl-C4H,NO,
m-Cl-C.H,NO,

p-Cl-CgHUNO,

m-Br- C6H4N02
0-1-CcH,NO,
m-I -C6H4NO 2
p-1-CaH,NO,

CsHsNO,
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per molecule from voltammetric data. I - Irreversible wave; r = reversible wave;

n,pp = The number of electrons transferred per molecule from coulometric results. © For loss of halide ion by

2 b

the number of electrons transferred
200 mV/s; electrode area 0.039 cm®.

- Cathodic peak potential; n =

a
P
scan rate

dianion.



irreversible wave at —1.01 V and a reversible third
wave at -1.23 V. These waves were almost
identical with the ones obtained from the pre-
vious iodoisomers with the exception of small
shift in the peak potentials. Controlled potential
coulometry at —0.50 V resulted in an n,,, = 1.06.
The voltammogram of the solution following
coulometry revealed the original waves. The
bright red solution was then electrolyzed at —-1.05
V. The solution became dark brown and required
the passage of 1.78 F/mol. As before, ni-
trobenzene was the final product of the reaction.
The rate constant for the iodide cleavage process
was 2.1 s

CONCLUSIONS

The electrochemical reduction of a series of
halonitrobenzenes in liquid NH; containing 0.1
M KI at —40° leads to the CV and coulometric
data summarized in Table 2. The reduction of the
chloronitrobenzenes series resulted in the follow-
ing observations: The ortho derivative was initial-
ly reduced to a stable radical anion; however, the
dianion was unstable, eventually yielding ni-
trobenzene. The meta derivative forms both a
stable radical anion and dianion upon reduction.
In fact, the latter was stable even at the
coulometric time scale with only 10 % decom-
position observed after allowing the elec-
trogenerated dianion to stand over a period of
15-20 min. The para isomer produced a stable
radical anion on both the CV and the coulometric
time scale; however, the electrolysis of the
solution to produce the dianion resulted in
quantitative conversion to nitrobenzene. m-bro-
monitrobenzene was the only bromo-compound
studied. Cyclic voltammetry confirmed the
formation of a stable radical anion and dianion.
At the same time, evidence of slight decomposi-
tion was seen when the potential was scanned
negative enough to allow the generation of the
nitrobenzene dianion. Coulometric generation of
the dianion produced nitrobenzene and bromide
ion. The reduction of all three iodo derivatives
was similar. The radical anions of the meta and
para derivatives were stable enough to survive
the coulometric experiments without apparent
decomposition. On the other hand, the
coulometrically generated radical anion of the
ortho derivative indicated partial decomposition
to nitrobenzene and iodide ion. The dianions for
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all three iodo isomers were unstable in liquid
NH; as evident by rapid iodide cleavage.

The results of the electroreduction of haloni-
trobenzenes in liquid NH; can be compared with
electrochemical studies in other nonaqueous sol-
vents. In DMF and ACN, ESR measurements on
electrogenerated radical anions of a series of
halonitrobenzenes employing in situ methods
resulted in the following observations.”>** The
meta- and para-chloro, meta- and para-bromo
nitrobenzenes all produced ESR spectra charac-
teristic of their radical anions. The ortho-chloro
and ortho-bromo derivatives showed a decreased
stability of the corresponding radical anion,
probably because of steric effects. ESR studies
have also indicated that all the iodo isomers
undergo complete dehalogenation in ACN and
DMF. However, recent studies of haloni-
trobenzene radical anions in DMF as a function
of temperature !4 suggest that appreciable stabili-
ties of the radical anions (e.g. m- and p-
iodonitrobenzene) would be obtained at half-
lives greater than 5 min for —40 °C.

In liquid NH;, one is able to prepare
coulometrically stable radical anions from all the
halonitrocompounds studied with the possible
exception of the o-iodo derivative. The ability of
halogenated compounds to resist halogen cleav-
age in NH; could possibly be attributed to the
low temperature conditions (—40°C). Low
temperature electroreductions of ortho and para
iodonitrobenzenes in DMF have indeed shown
an enhanced stability of the radical anions;
however, this increased stability was accompa-
nied by a large anodic-cathodic peak separation
(200 mV in the cyclic voltammogram of ortho-
iodonitrobenzene at -70 °C). Although the
temperature effect could be the main contribut-
ing factor for the enhanced stability of radical
anions in liquid NHj, dianions of haloni-
trobenzenes, which cannot be prepared in other
nonaqueous solvents due to a rapid protonation
rate, are stable in NH; and allow the investiga-
tion of the halogen cleavage process.

Finally, the experimental results show that the
rate at which the halonitrobenzenes radical an-
ions are dehalogenated during electrochemical
reduction is in the order: m-chloro < p-chloro <
m-bromo < o-chloro < m-iodo ~p-iodo <
o-iodo.
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