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Direct synthesis of haloaromatics from nitroarenes
via a sequential one-pot Mo-catalyzed reduction/
Sandmeyer reaction†
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Herein, we report the direct synthesis of a wide variety of functionalized aromatic bromides, chlorides,

iodides, and fluorides from nitroarenes in a sequential one-pot operation. This protocol is based on an

air- and moisture-tolerant dioxomolybdenum-catalyzed reduction of nitroaromatics, employing pinacol

as a reducing agent, which enables subsequent diazotization and halogenation steps. This methodology

represents a step-economical, practical, and alternative procedure for synthesizing haloaromatics directly

from nitroaromatics.

Introduction

In the past decades, organic synthesis has reached an extra-
ordinary level of sophistication for the targeted preparation of
value-added compounds. However, these syntheses inevitably
produce large amounts of waste, closely related to tedious
purification and work-up procedures inherent to the tra-
ditional step-by-step processes involved. In this context, one-
pot processes involving sequential reactions conducted in a
single reaction vessel have emerged as valuable alternatives to
avoid the need to purify intermediates.1 This approach reduces
the amount of chemical waste generated, minimizing separ-
ation and purification processes, simplifying practical aspects
and ultimately increasing the overall chemical yield. However,
one-pot reactions are not straightforward: as no intermediate
purification steps are performed, each sequential reaction
must proceed in the presence of the previously generated
byproducts, unreacted starting materials, or reagents.
Consequently, the reaction conditions for a one-pot procedure
are very different and a simple combination of optimized steps
in a single pot is usually unsuccessful, which constitutes one
of the main challenges we face in our approach.

Aryl halides are versatile compounds widely used in organic
synthesis. On the one hand, aryl iodides, bromides and chlor-
ides constitute pivotal intermediates in cross-coupling or Heck
reactions and carbon–heteroatom bond-formation reactions
catalyzed by transition-metal complexes.2 The C(sp2)–Hal unit

is also a ubiquitous structural motif in many natural products
and synthetic drugs.3 In this context, the Sandmeyer reaction
represents one of the most general synthetic pathways for their
obtention.4 It is a particularly relevant organic transformation
that converts arylamines to aryl halides via a diazonium salt
intermediate. Ever since Sandmeyer reported in 1884 that ben-
zenediazonium salts undergo copper-mediated decomposition
into bromo and chlorobenzenes and benzonitriles,5 multiple
reaction variants have been developed, mostly seeking to avoid
competing reactions, tedious workups, diazonium salt iso-
lation or excess halogenation.6 Also, almost a century ago,
related processes such as the Pschorr, the Gomberg–
Bachmann, the Balz–Schiemann, and the Meerwein reactions
were reported.7 More recently, new reagent partners have been
developed to form C–P, C–S, C–B, C–Sn, C–N, and C–CF3
bonds from diazonium salts, in a clear renaissance of
Sandmeyer-type reactions.8 Particularly, one-pot processes
starting from anilines have attracted much interest in recent
years.8 In addition, Meerwein-type arylations with diazonium
salts have also been in the spotlight in the past years with the
development of new and improved variants.9 Moreover, aryl-
diazonium salt intermediates have been recently employed in
several new processes involving transition-metal catalyzed
transformations.10

However, the classical Sandmeyer reaction for accessing
haloaromatics presents unresolved issues of sustainability and
practicability as it employs anilines as the nitrogen source,
which are usually obtained by a previous reduction reaction of
the corresponding nitroaromatic derivatives (Scheme 1a).
Therefore, the development of a general, one-pot, and efficient
method for the synthesis of aryl halides directly from abun-
dant and readily available nitroarenes, which can be easily
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accessed through the nitration of arenes, is very attractive and
would offer sustainability-related advantages such as saving
reagent costs, minimizing tedious purification steps along
with waste generation, and suppressing at least one process
step. Indeed, there is tremendous interest in synthetic strat-
egies that involve the direct transformation of nitroaromatics
into other valuable scaffolds.11 In this field, and based on the
selective dioxomolybdenum(VI)-catalyzed reduction of nitro-
arenes into anilines with pinacol that only releases acetone
and water as byproducts (Scheme 1b),12 our group has
reported the direct synthesis of nitrogenated polyheterocycles
and quinolines from nitroarenes13 with the incorporation of
the waste formed in the first reduction step.14

In this context, we envisaged that combining the dioxomo-
lybdenum-catalyzed reduction of nitroarenes, using pinacol as
a reducing agent, with the well-established Sandmeyer reaction
could allow direct access to haloaromatics in a sequential one-
pot manner. In particular, the choice of the reductant was
anticipated to be decisive in enabling subsequent steps. In
this sense, pinacol constitutes an attractive reducing agent,
being a renewable glycol typically manufactured by electrolytic
dimerization of acetone.15 Equally critical to the success of
this proposal would be that the conditions, mainly solvents
and reagents, required for the generation of the intermediate
diazonium salts are compatible with the initial reduction con-
ditions (Scheme 1c). Herein, we report the direct synthesis of
haloaromatics from a wide variety of functionalized nitro-
arenes by combining the initial Mo-catalyzed chemoselective
reduction of the nitro group using pinacol with a subsequent
Sandmeyer reaction.

Results and discussion

Initially, we centered our efforts on the one-pot bromination of
nitroarenes in a two-step fashion. A screening of several reac-

tion conditions was performed using 4-nitrobenzonitrile (1a)
as the model starting material (Table 1). The first step, the
reduction of the nitroarene, was performed following our pre-
viously described methodology using pinacol as the reducing
agent in toluene (150 °C, 30 min under microwave irradiation)
under dioxomolybdenum catalysis. After that, the mixture was
treated with different metallic bromides in the presence of
tert-butyl nitrite to promote the bromination of the corres-
ponding in situ-formed diazonium salt. The use of KBr led to
decomposition (entry 1), while there was no conversion of the
intermediate 4-aminobenzonitrile with CuBr (entry 2). The
desired brominated product (2a) was only observed when
CuBr2 was employed (entries 3 and 4). However, the formation
of an undesired byproduct (likely from a secondary reaction
with toluene) was detected. The results did not improve when
using α,α,α-trifluorotoluene (entry 5). We then decided to
switch to acetonitrile as the solvent, given its wide application
in Sandmeyer reactions. Gratifyingly, the Mo-catalyzed
reduction of nitroarenes with pinacol also proceeded efficien-
tly in acetonitrile under analogous reaction conditions.
Notably, the complementary use of copper(I) bromide and
hydrobromic acid allowed the efficient synthesis of 2a in good
yields and without further purification (entries 6 and 7). The
presence of HBr was crucial for the success of the reaction
(entry 8 vs. 7). Interestingly, CuBr could be employed in cata-
lytic amounts, although with a slightly lower yield (entry 9).
Moreover, bromination was accomplished even in the absence
of CuBr (entries 10 and 11). However, a longer reaction time
was required to achieve a high yield (entry 11).

Scheme 1 Previous work and the proposed direct synthesis of haloar-
enes from nitroaromatics.

Table 1 Optimization of the reaction conditions for the direct bromina-
tion of 4-nitrobenzonitrile (1a)a

Entry Acid (x equiv.) Bromide Solvent Yieldb (%)

1 PTSA (2) KBr Toluene —c

2 — CuBr Toluene —d

3 — CuBr2 Toluene 56
4e — CuBr2 Toluene 66
5 — CuBr2 PhCF3 55
6 HBr (2) CuBr MeCN 75
7 HBr (1.5) CuBr MeCN 87 (82) f

8 — CuBr MeCN 14
9g HBr (1.5) CuBr MeCN 75
10 HBr (1.5) — MeCN 35
11h HBr (1.5) — MeCN 68

a Reaction conditions: 1a (1 mmol), under air. All the reactions were
carried out for 1 h. Complete conversion of the starting nitroarene and
the intermediate aniline was observed unless otherwise established.
b Yield obtained by NMR using 1,3,5-trimethoxybenzene as the internal
standard. cDecomposition was observed. dOnly 4-aminobenzonitrile
was obtained. e 2 equiv. of CuBr2 were used. f Isolated yield of the pure
product after extraction. g 10 mol% of CuBr was used. h Reaction time =
4 h.
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With an optimized set of conditions in hand (Table 1, entry
7), we explored the scope of this new one-pot bromination
process of nitroaromatics by employing a wide variety of easily
available nitroarenes as depicted in Scheme 2. The ability of
the reaction to tolerate sensitive functional groups is excep-
tional, and in many cases, the corresponding bromides were
obtained after simple extraction without the need for further
purification. Notable performance is accomplished with nitro-
arenes bearing electron-withdrawing groups (EWG) such as

cyano (2a), ester (2c,o) or amide (2d) affording the corres-
ponding bromides in high yields. Remarkably, despite a reduc-
tive process taking place, carbonyl-containing substrates were
also selectively brominated (2b,e,m,n), without affecting the
carbonyl group. Moreover, aryl substituents remained unal-
tered (2f ), as did an α,β-unsaturated ester (2g). Bromides and
chlorides were well tolerated (2h–n), even with nitroarenes
bearing electron-donating functional groups such as alkyl (2i)
or methoxy groups at different positions (2j–l), as well as elec-
tron-withdrawing carbonyls (2m–n). The presence of an iodide
was also compatible with this strategy (2o). At the same time,
polyfunctionalized nitroarenes bearing free hydroxyl (2p) and
carboxyl (2q) groups were tolerated. Surprisingly, 1-nitro-
naphthalene (1w) led to a low yield of the corresponding
bromide 2w, whereas CF3-functionalized 1ε led to decompo-
sition (Scheme 2). Remarkably, this protocol could be applied
to the gram-scale preparation of the selected bromide 2b,
which was obtained in 84% yield (877 mg) starting from
4 mmol of 1b (Scheme 2).

After having established the suitable conditions for the
direct bromination of nitroarenes 1, we proceeded to study
their one-pot direct chlorination. Starting from analogous reac-
tion conditions (MeCN as the solvent but CuCl as the copper
salt), a screening of some Brønsted acids was performed using
model starting material 1a.16 Although HCl, in an analogous

Scheme 2 Scope of the direct bromination of nitroarenes 1. Gram-
scale synthesis of 2b.

Scheme 3 Scope and limitations for the direct chlorination of nitro-
arenes 1.
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way to HBr in the bromination reactions, proved to be efficient
in promoting this transformation leading to a good yield of
the corresponding chloride 3a, we found that HBF4 led to 3a
in higher yield and without the need for further purification.

Once the optimized conditions were established, the scope
of this transformation was examined (Scheme 3). As expected,
the reaction proceeded efficiently in the presence of EWGs
such as cyano (3a), carbonyl (3b), ester (3c), amide (3d) and
even free carboxyl (3s) groups, without requiring further purifi-
cation, and resulted in very good yields. Halides are also toler-
ated as illustrated by the use of polyfunctionalized nitroarenes
also bearing methoxy (3k) and carbonyl (3m,r) groups.
Moreover, biphenyl- and isophthalate-containing nitro sub-
strates remained unscathed, leading to the corresponding
chlorides (3t,u). Unexpectedly some starting nitroarenes such
as 1h, l, and v failed to readily undergo the direct chlorination,
leading to low yields (10–20%) of the corresponding chlorides
(Scheme 3).

At the same time, we studied the one-pot direct iodination
of nitroarenes. Given the strong nucleophilicity of the iodide
anion, experiments were performed in the absence of copper
salts, but using potassium iodide instead (Table 2). Initially,
the employment of PTSA as an acid, to promote diazotization,
and toluene as the solvent led to the formation of the desired
iodide 4a in moderate to good yields (entries 1–3). However,
we again observed some unidentified byproducts, likely due to
a competitive reaction of the in situ formed diazonium salt
with the solvent. Therefore, we switched again to acetonitrile
as the solvent and different acids were tested, maintaining KI
as the source of iodide (entries 4–8). The best results were
obtained when HBF4 was employed (entry 6). As expected, in
the absence of an acid intermediate aniline and an un-

identified byproduct were observed (entry 9). Finally, it was
also checked that the use of CuI did not lead to improved
yields compared to the use of KI (entry 10 vs. 6 and 7).16

After the optimization of the reaction, we proceeded to
study the scope of this new one-pot iodination process by
employing a wide variety of readily available nitroarenes
(Scheme 4). Once again, this methodology shows a remarkable
ability to tolerate sensitive functional groups. The presence of
EWGs such as cyano (4a), carbonyl (4b), ester (4c), amide (4d)
and free carboxyl (4s) groups not only is tolerated but also
leads to the formation of the corresponding iodides in excel-
lent yields. Moreover, both aryl substituents (4f ) and
α,β-unsaturated carbonyls (4g) remain unaltered. Alkyl (4i) and
methoxy (4k–l) EDGs were also tested and they remained
unscathed. Different polyfunctionalized substrates bearing car-
bonyl groups were converted (4n,r,v), thus demonstrating the
exceptional ability of the process to tolerate this potentially
reducible group. In addition, the method is compatible with
polycyclic nitroarenes (4w). The tolerance towards halides is
widely demonstrated throughout the explored scope by the
presence of bromine (4h,r), chlorine (4i,k,l,n,y) and fluorine
(4v) atoms in either simpler or more sophisticated polyfunctio-
nalized substrates. In addition, simple 4-nitroanisole proved to

Scheme 4 Scope of the direct iodination of nitroarenes 1.

Table 2 Optimization of the reaction conditions for the direct iodina-
tion of 4-nitrobenzonitrile (1a)a

Entry Acid (x equiv.) Iodide (x equiv.) Solvent Yieldb (%)

1 PTSA (1.5) KI (2.5) Toluene 57
2 PTSA (2) KI (2.5) Toluene 76
3 PTSA (2) KI (2) Toluene 71
4 HI (1.5) KI (2.5) MeCN 40
5 HBr (1.5) KI (2.5) MeCN 63
6 HBF4 (1.5) KI (2.5) MeCN 92 (89)c

7 HBF4 (1.5) KI (1.5) MeCN 83
8 PTSA (1.5) KI (2.5) MeCN 43
9 — KI (2.5) MeCN 28d

10 HBF4 (1.5) CuI (1.5) MeCN 83

a Reaction conditions: 1a (1 mmol), under air. Complete conversion of
the starting nitroarene and the intermediate aniline was observed in
all the cases, unless otherwise stated. b Yield obtained by NMR using
1,3,5-trimethoxybenzene as the internal standard. c Isolated yield. dNo
complete conversion of the amine.
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be a useful substrate for this process affording 4-iodoanisole
(4x), although in a slightly lower yield.17

Surprisingly, when 4-(alkynyl)-1-nitrobenzenes 1z,α were
employed as substrates, an additional and regioselective
hydration of the triple bond occurred, likely due to the conco-
mitant generation of water during the Mo-catalyzed reduction
process. The resulting intermediate anilines were efficiently
converted into brominated aryl ketones 2z,α, chlorinated aryl
ketones 3z,α, and iodinated aryl ketones 4z,α (Scheme 5). The
almost complete regioselectivity of the water addition to the
triple bond could be rationalized by the electron-donating
nature of the amino group that polarizes the alkyne moiety.
This effect was demonstrated in the reaction of a (3-alkynyl)-1-
nitrobenzene such as 1β, which under the reported bromina-
tion conditions gave rise to the 3-alkynylbromobenzene deriva-
tive 2β, thus confirming the compatibility of the alkyne moiety
with this process. Interestingly, this is another example in
which the byproduct generated in the first step of a sequence
(H2O from the reduction of the nitroarene with pinacol) is
advantageously employed, in this case as a reagent, for the
downstream hydration of the triple bond. The development of
such strategies that internally reuse the waste generated in the
first step of a sequence as a (co)-catalyst or reagent for sub-
sequent steps is a highly interesting topic in modern organic
synthesis.18

On the other hand, it is worth mentioning the ever-increas-
ing demand for fluorinated compounds, given their impor-
tance in medicinal and agrochemical chemistry as well as in
materials science.19 Consequently, there is continuous interest
in developing efficient methods for preparing fluorine-contain-
ing organic molecules.20 In this field, the Balz–Schiemann
reaction21 is one of the most conventional methods for synthe-
sizing aryl fluorides.22 This reaction based on the decompo-
sition of aryl diazonium salts under heating in the presence of

a fluoride source was demonstrated to be more challenging
due to the lower reactivity of the fluoride.

Hence, we decided to tackle the last and most challenging
step of this work, which would be the one-pot fluorination of
nitroarenes. After trying some approaches for the one-pot dia-
zotization–fluorination sequence,16 we focused our attention
on a previously communicated procedure reported by Hu and
co-workers.23 We thought that their hypervalent iodine(III)-cata-
lyzed Balz–Schiemann fluorination24 could be combined with
our reduction of nitroarenes in a one-pot operation. Therefore,
we then tried to use 1-fluoro-3,3-dimethylbenziodoxole [I(III)]
in substoichiometric amounts as an additive to promote the
fluorination reaction (Table 3). Following the reported
method, initially, BF3·OEt2 was used as an acid for the diazoti-
zation with tBuONO in α,α,α-trifluorotoluene as the solvent at
0 °C for 15 min. After that, a substoichiometric amount of the
commercially available iodine(III) reagent 1-fluoro-3,3-di-
methylbenziodoxole was added and the reaction was heated
overnight at 100 °C, leading to the expected fluoride 5f but
with a low yield. In addition, the intermediate 2-aminobiphe-
nyl (∼22%) was also obtained (entry 1). We then decided to
change the acid to HBF4 trying to achieve a complete conver-
sion of the intermediate aniline. A moderate isolated yield was
afforded at 100 °C (entry 2). Gratifyingly, lowering the reaction
temperature and time led to improved results (entries 3 and 4).
The best results were achieved at 60 °C in only 3 h (entry 5). It
was finally checked that further decreasing the temperature
affected the obtained yield negatively (entry 6).

With an optimized set of conditions in hand, we explored
the scope of this one-pot fluorination process starting from
easily available nitroarenes as depicted in Scheme 6. As

Scheme 5 Sequential reduction/hydration/Sandmeyer reaction of 4-
(alkynyl)-1-nitrobenzenes 1z,α.

Table 3 Optimization of the reaction conditions for the direct fluorina-
tion of 2-nitrobiphenyl (1f )a

Entry Acid Temp (°C) t (h) Yieldb (%)

1 BF3·OEt2 100 19 30c

2 HBF4 100 19 39
3 HBF4 80 19 49
4 HBF4 80 3 58
5 HBF4 60 3 64
6 HBF4 40 3 56

a Reaction conditions: 1f (1 mmol), under air. Complete conversion of
the starting nitroarene and the intermediate aniline was observed in
all the cases, unless otherwise stated. b Isolated yield referred to
2-nitrobiphenyl 1f. c∼22% of 2-aminobiphenyl was obtained.
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observed in previous transformations with other halides, the
carbonyl groups of benzophenones (5b,v) and acetophenones
(5δ) are not reduced. Moreover, aryl substituents at different
positions of the ring remain unaltered (5f,t), including a more
sterically demanding example featuring two tert-butyl groups
(5γ). α,β-Unsaturated carbonyls are also tolerated (5g). In
addition, the method is compatible with polycyclic nitro-
arenes, delivering the corresponding fluoride in good yield
(5w). However, even though the best yield was obtained when
heating at 60 °C for the model substrate 1f, some nitroarenes
required a higher temperature to maximize the yield. Although
moderate to good yields were obtained for a selection of nitro-
arenes, some of the substrates that efficiently underwent the
bromination, chlorination, or iodination reactions failed in
this case, leading to decomposition under the standard
conditions.25

Conclusions

In summary, we have demonstrated that the dioxomolybde-
num-catalyzed reduction is compatible with subsequent diazo-
tization followed by Sandmeyer or Balz–Schiemann reactions
enabling a one-pot synthesis of haloaromatics from nitro-
arenes. Moreover, the developed method proved to be an

efficient, step-economical, practical, scalable, chemoselective,
and air and moisture-tolerant procedure for the synthesis of
haloaromatics directly from nitroarenes in a one-pot pro-
cedure. As these results demonstrate, a wide variety of aryl bro-
mides, chlorides, iodides, and even more challenging fluorides
can be synthesized through this nitro reduction–diazotization–
halogenation sequence, circumventing intermediate workup
operations and purification steps. Consequently, not only are
the practical aspects of more traditional synthetic routes sim-
plified but also a minimization of both waste generation and
time is realized.
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