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Abstract: An ethanolic mixture of molybdenum hexacarbonyl and
DBU mediates the reduction of nitroarenes to the corresponding
anilines in excellent yields in 15–30 minutes under microwave
irradiation.
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The high cost of drug development and the capabilities of
high throughput screening (HTS) dictate the need for a
medicinal chemist to synthesise libraries of molecules in
high yields and purities, with minimal bottlenecks. In this
respect, microwave-assisted organic synthesis (MAOS) is
a particularly useful tool since many thermal processes
can be accelerated and performed in minutes.1

The aniline motif is ubiquitous in medicinal chemistry as
both a side chain in bioactive molecules or as a precursor
to other functional groups including amides, sulfon-
amides, substituted amines and heterocycles. Anilines can
be prepared by the reduction of nitro compounds using
catalytic or transfer-hydrogenation routes or stoichio-
metric reducing agents.2 Many of these processes employ
microwave reactors,3 although the use of a monomodal
system is preferable for safety and reproducibility.4

The molybdenum hexacarbonyl mediated reduction of ni-
tro compounds to anilines, via thermal energy, is limited
to a handful of substrates and requires long reaction times
(24 h).5 We were interested in preparing a library of
anilines from their corresponding nitroarenes via MAOS
inspired by reports that demonstrated the use of Mo(CO)6

as a convenient source of CO in aminocarbonylation
processes.1a,6 Our brief initial optimisation studies fo-
cused on the reduction of nitrobenzene 1a to aniline 2a
with Mo(CO)6 by varying the following parameters:
temperature, solvent, reaction time, metal carbonyl
stoichiometry, and the use of additives {1,8-diazabi-
cyclo[5.4.0]undec-7-ene, (DBU)}.6

Given that the original thermal process used EtOH as
solvent, we examined the effect of temperature on the
reduction process. From Table 1, 150°C appears to be the
optimal temperature since higher temperatures (200 °C)
often led to cracking of the microwave tube and at 125 °C
lower conversions were observed (entries 1–3).

N,N-Dimethylformamide (DMF), tetrahydrofuran (THF),
diglyme/water, used for aminocarbonylations,6 and neat
water were found to be inferior to EtOH as solvent (entries
7–11). In terms of stoichiometry, when zero equivalents
of Mo(CO)6 were used, in EtOH (control, entry 4), there
was no reaction. Increasing the number of equivalents of
Mo(CO)6 led to an increase in the conversion of nitro-
benzene into aniline at the given temperature (150 °C,
33%, 1 equiv; 50%, 2 equiv, 60%, 3 equiv; entries 5 and
6) although the use of excess reducing agent is un-
desirable. The benefit of adding DBU, known to facilitate
CO liberation from Mo(CO)6, is evident from entry 9.6b

We employed the latter conditions to prepare a library of
anilines from nitroarenes (Table 2).7

Table 1 Reduction of Nitrobenzene 1a to Aniline 2a

Reagent equiv

Entrya Solvent Mo(CO)6 1a DBU Conversion (%)b

1 EtOH 1 1 0 33

2 EtOH 1 1 0 20c

3 EtOH 1 1 0 0d

4 EtOH 0 1 0 0

5 EtOH 2 1 0 50

6 EtOH 3 1 0 60

7 H2O 1 1 0 <10

8 THF 1 1 0 e

9 EtOH 1 1 3 93

10 DMF 1 1 3 0

11 diglyme–H2O 
(1:1)

1 1 3 75

a General conditions: 150 °C, 30 min, 5 mL solvent, CEM Discover 
Unit ( P = 300 W).
b By 1H NMR.
c At 125 °C.
d At 200 °C; tube cracks.
e Reproducibility problems.
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The reduction process is rather general, rapid and gives a
high yield of product. It operates for electron-rich and
electron-poor nitroarenes and tolerates ortho substituents,
halides, and other functional groups such as ketones, alco-
hols, vinyl, nitrile, and benzamides. We have also been
able to reduce the reaction times to 15 minutes (e.g.,
Table 2, 2c–l). This reaction can also be carried out
thermally with yields comparable to those observed for

the microwave-mediated route. The reduction of
nitroheteroaromatics8 proceeds smoothly under micro-
wave or thermal conditions; 5-aminoquinoline could be
synthesised in excellent yields (5 mmol scale, unopti-
mised) within two hours in refluxing EtOH (Scheme 1).

In summary, we have developed a general, convenient,
expedited microwave-mediated method for the synthesis
of a series of anilines from their corresponding nitro pre-
cursors, which displays excellent chemoselectivity.9

Current work in our group is exploring the generalization
of this reduction process towards the synthesis of poly-
substituted aniline intermediates found in bioactive mole-
cules.10
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Table 2 Reduction of Nitrobenzene Derivatives

Product R1 R2 R3 Yield of 2 (%)a

2b H H OMe 85

2c H H Me 89,b,c 50d

2d F H Me 66b

2e C(O)Me H H 50b

2f H C(O)Me H 77b

2g H H C(O)Me 71b

2h H I H 89b

2i H H CN 71b

2j H H C(O)NH2 81b

2k H CH=CH2 H 81b

2l Br H H 89,a 52b

2m H Br H 93

2n H H Br 79

2o Cl H CH2OH 90

a Isolated yield after column chromatography. General conditions: 
150 °C, 300 W (power), 30 min, EtOH (solvent), 1 equiv Mo(CO)6, 
3 equiv DBU.
b Reaction time = 15 min.
c Quantitative conversion by 1H NMR.
d 0.5 Equiv Mo(CO)6, 1.5 equiv DBU; conversion determined by
1H NMR; 15 min reaction time.
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Scheme 1 Microwave-mediated vs. thermal-mediated reductions
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