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Abstract—Sterically demanding nitroaromatic compounds have been prepared and reduced to their corresponding amines with high
intensity ultrasound using hydrazine in the presence of a Raney nickel catalyst. These reactions were dependent on catalyst quality,
solvent and ultrasonic amplitude and, in comparison to their silent reactions, proceeded much faster and afforded higher yields.
� 2005 Elsevier Ltd. All rights reserved.
1. Introduction

Sterically demanding molecules are of great interest in
many applications where control of the spatial environ-
ment is an important consideration,1–3 while an addi-
tional useful property often associated with the
presence of bulky organic groups is increased lipophilic-
ity, which makes for more amenable handling with or-
ganic solvents.4 We have developed a simple procedure
for the production of certain crowded aromatic mole-
cules using a catalytic system for the clean addition of
ethylene to a series of alkylaromatics,5 and we are now
actively developing the chemistry of these compounds
further.6 We report here the preparation of a series of
nitroaromatics and their reduction to the corresponding
anilines. The latter should be versatile starting materials
for the preparation of other aromatics and, in particu-
lar, of bulky Schiff bases which are currently of great
interest for their potential applications to catalytic pro-
cesses of great industrial importance such as olefin poly-
merisation and metathesis, asymmetric catalysis and
epoxide–carbon dioxide co-polymerisation.2
2. Results and discussion

The nitration of crowded aromatic molecules is often
problematic due to competing electrophilic substitution
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of the alkyl groups.7 This is particularly so when using
a nitric acid/sulfuric acid nitration mixture. These com-
plications can be largely avoided using nitric acid in ace-
tic anhydride and we have applied this procedure to
hydrocarbons 1a–7a.
Fuming nitric acid gave the best results, especially with
the more crowded substrates and side reactions were sig-
nificant only for the nitrations of 4a, 6a and 7a where
cleavage of an alkyl group occurred to an extent of
about 50% (Eqs. 1, 2).8 It seems that two factors com-
bine to make the cleavage of an alkyl group significant:
(1) when this group is ortho or para (or both) to another
alkyl group and (2) when the expected position for nitra-
tion is ortho to an alkyl group. The side reaction can be
minimised if the reaction temperature is kept below
10 �C. The by-products could be readily separated from
the desired product by recrystallisation from hexane.
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Table 2. Yields of anilines (1c–7c) from reduction of nitroaromatics

(1b–7b)a

Starting

material

Product Heatingb Ultrasoundc

Yieldd

(%)

Time

(h)

Yieldd

(%)

Time

(min)

1b 1c 97 2.0 96 5

2b 2c 95 2.5 97 7

3b 3c 96 2.5 95 7

4b 4c 91 2.5 93 7

5b 5c 84 20 90 10

7b 7c 77 20 93 15

a Compound 1c has been reported previously.9,14 NMR data for all

compounds are provided below.
b With N2H4ÆH2O and catalyst Ni (Raney) in methanol with heating

only (45–50 �C).
c With N2H4ÆH2O and catalyst Ni (Raney) in methanol with sonica-
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The orientation of the nitration was confirmed in all
cases by 1H and 13C NMR measurements. The results
for the nitrations are presented in Table 1.

ð1Þ

ð2Þ
ð3Þ

tion. Temperature maintained at 45–50 �C.
d By GC.
Raney nickel catalysed hydrazine reduction of nitroaro-
matics is a generally useful procedure,10 and in our
hands gave satisfactory results for the less hindered
nitroaromatics reported here, but highly variable results
for the more hindered compounds, 5b and 7b, which
were of particular interest to us for our further work.11

High energy techniques (ultrasound, microwaves) have
found increasing interest in synthetic organic chemistry,
showing good results for reactions that otherwise were
practically impossible, giving pure products in good
yield and in short reaction times.12 Ultrasound tech-
niques have been applied to many reactions involving
metals,13 and we therefore examined the use of high
intensity ultrasound for the reduction of our nitrocom-
pounds. These reactions were dependent on solvent, cat-
alyst quality and ultrasound intensity dependent and, in
comparison to their silent reactions, proceeded much
faster and afforded higher yields (Table 2; due to its
somewhat lower purity, compound 6b was not examined
in this series of experiments). In heterogeneous reactions
the most important action by sonication is erosion,
which implies the removal of impurities and oxide layers
together with pitting of metal surfaces. This procedure is
believed to remove reactive intermediates away from the
metal surface and keep the metal clean and active during
the reaction, thus accounting for the improvements ob-
Table 1. Yields of nitroaromatic compounds (1b–7b)a

Alkylbenzene Nitrocompound Yield (isolated)b (%)

1a 1b 82

2a 2b 95

3a 3b 87

4a 4b 48

5a 5b 62

6a 6b 66b

7ac 7b 40

a Prepared from alkyl-benzenes (1a–7a) with fuming nitric acid in 1:1

v/v acetic anhydride–acetic acid at 10 �C.8 Compound 1b has been

reported previously.9 NMR data for all compounds are provided

below.
b All compounds except for 6b could be obtained in >97% purity by

distillation or recrystallisation. Compound 6b could not be com-

pletely freed of by-products and was obtained with 90% purity.
c CHCl3 was also added to aid dissolution of the starting material.
served for sonochemical reactions in comparison to the
silent ones.11 In comparative experiments methanol was
used as solvent and the temperature was kept between
45 �C and 50 �C (Eq. 3). t-BuOH and toluene were also
tested as solvents but the results were unsatisfactory.
With ethanol no reaction occurred even after 3 h with
heating or 1 h with sonication for compound 7b,
although for 1b–4b, the results were similar for both
methods.
Another very important parameter is the catalyst. The
quality of the Raney nickel was found to be very impor-
tant for good yields for the more difficult reductions and
although care was taken to prepare and store it the same
way to maintain consistent reactivity, it was found to
vary from batch to batch. The yields presented in Table
2 are the highest that we observed.

From Table 2 one can see that, for both methods, in the
case of molecules of low steric demand (1b–4b), the
yields are similar although the reaction times differ
greatly, from 5 min with ultrasound to 2 h with heating.
In contrast, for the compounds with the greatest steric
demand, (5b and 7b), not only are the reaction times
very short with ultrasound, but the yields are also
higher.

In order to tackle the problem of reproducibility, we
also tried Ni–Al alloy as a catalyst under the same con-
ditions,15 since, if successful, this should have excellent
reproducibility being a commercial product. The results,
however, were very poor (6% for 7c). We also tried a
�green chemistry� approach, substituting the organic sol-
vent with water, but no reaction occurred. Using Ni–Al
alloy and hydrazine hydrate with ultrasound (10 min),
we did, however, manage to reduce nitrobenzene itself
to aniline in 65% yield in water and in 82% in methanol.



Table 3. Product yield dependence on ultrasound intensity

Product Sonication

time (min)

Yield a (%) Yield

ratio
Ab Bc

1c 5 21 96 1:4.5

2c 7 17 97 1:5.7

3c 7 18 95 1:5.3

4c 7 15 93 1:6.2

5c 10 13 90 1:6.9

7c 15 7 93 1:13.3

a By GC.
b Ultrasound intensity 30% of maximum, temperature 45–50 �C.
c Ultrasound intensity 90% of maximum, temperature 45–50 �C.
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Ammonium chloride in water has been used as an alter-
native to hydrazine hydrate but under our conditions it
gave only a low yield (8% aniline).16 Although not suit-
able for our substrates, water has many advantages as a
solvent and so we also examined its possible use for less
demanding substrates. Indeed 1-nitronaphthalene was
reduced using a catalytic amount of Raney nickel and
an excess of hydrazine hydrate to the corresponding
amine in water with high intensity ultrasound in a 97%
yield.

Another parameter that was considered was the intensity
of sonication, although at this point it must be men-
tioned that the measurement of the absorbed acoustic
power in a liquid is something that has not yet been
defined.17 Experiments performed with different typical
intensities (30% and 90% of the max), but under other-
wise identical conditions, led to markedly different reac-
tion yields. A complete comparison of the results is listed
in Table 3. Although the intensities are in 1:3 ratios (30%
and 90%, respectively), the corresponding yields are in
ratios between 1:4.6 for the least crowded (1c) and
1:13.3 for the most bulky (7c). It is clear that the higher
intensity influences all the reactions and this beneficial ef-
fect is most evident for the most crowded molecules.

All the compounds reported here have been character-
ised by 1H and 13C NMR and gave spectra consistent
with the proposed structures.

In conclusion, we have synthesised a series of bulky
nitroaromatic compounds, which were reduced to the
corresponding anilines using hydrazine hydrate in the
presence of Raney nickel as catalyst with the assistance
of high intensity ultrasound. Parameters such as the
catalyst and solvent were examined. It has been
demonstrated that the application of high intensity
ultrasound is very beneficial for these reductions to pro-
ceed in good yield and in short reaction times in com-
parison with classical methods. Further development
of the chemistry of these compounds is in progress.
3. Data for all compounds

3.1. 1-(1-Ethylpropyl)-4-nitrobenzene, 1b

1H NMR (300 MHz, CDCl3) d 0.72 (t, J = 7.5 Hz, 6H,
CH3), 1.52 (m, 2H, CH2), 1.70 (m, 2H, CH2), 2.43 (m,
1H, CH), 7.27 (d, J = 8.9 Hz, 2H, CH), 8.12 (d,
J = 8.9 Hz, 2H, CH); 13C NMR (75 MHz, CDCl3): d
12.0, 29.0, 49.7, 123.5, 128.5, 146.3, 154.0; HR-MS
(EI) m/z calcd for C11H15NO2: 193.1103. Found
193.1099; IR (cm�1) 1516 (vs), 1346 (vs).

3.2. 1,2-Di(1-ethylpropyl)-4-nitrobenzene, 2b

1H NMR (300 MHz, CDCl3) d 0.76 (m, 12H, CH3), 1.54
(m, 4H, CH2), 1.69 (m, 4H, CH2), 2.88 (m, 2H, CH), 7.29
(d, J = 8.7 Hz, 1H, CH), 7.96 (d, J = 8.7 Hz, 1H, CH),
8.00 (s, 1H, CH); 13C NMR (75 MHz, CDCl3): d 12.3,
29.2, 41.5, 41.9, 112.6, 113.3, 126.7, 134.6, 143.6, 145.2;
HR-MS (EI) m/z calcd for C16H25NO2: 263.1885. Found
263.1882; IR (cm�1) 1516 (vs), 1351 (vs).

3.3. 2,4-Di(1-ethylpropyl)-1-nitrobenzene, 3b

Mp 27 �C; 1H NMR (300 MHz, CDCl3) d 0.76 (m, 12H,
CH3), 1.58 (m, 4H, CH2), 1.71 (m, 4H, CH2), 2.38 (m,
1H, CH), 3.02 (m, 1H, CH), 7.06 (d, J = 8.9 Hz, 1H,
CH), 7.09 (s, 1H, CH), 7.63 (d, J = 8.9 Hz, 1H, CH);
13C NMR (75 MHz, CDCl3): d 11.7, 11.9, 28.9, 42.1,
49.7, 123.7, 125.5, 127.4, 139.5, 149.6, 150.7; HR-MS
(EI) m/z calcd for C16H25NO2: 263.1885. Found
263.1881; IR (cm�1) 1526 (vs), 1366 (vs).

3.4. 1,4-Di(1-ethylpropyl)-2-nitrobenzene, 4b

Mp 42 �C; 1H NMR (300 MHz, CDCl3) d 0.75 (t,
J = 8.9 Hz, 6H, CH3), 0.80 (t, J = 8.9 Hz, 6H, CH3),
1.55 (m, 4H, CH2), 1.70 (m, 4H, CH2), 2.37 (m, 1H,
CH), 2.89 (m, 1H, CH), 7.27 (s, 1H, CH), 7.28 (d,
J = 2.3 Hz, 1H, CH), 7.40 (d, J = 2.3 Hz, 1H, CH);
13C NMR (75 MHz, CDCl3): d 11.9, 28.9, 29.0, 42.2,
49.0, 65.0, 122.3, 127.6, 131.6, 136.9, 144.7, 151.6; HR-
MS (EI) m/z calcd for C16H25NO2: 263.1885. Found
263.1880; IR (cm�1) 1526 (vs),1356 (vs).

3.5. 1,3,5,-Tri(1-ethylpropyl)-2-nitrobenzene, 5b

Mp 38 �C; 1H NMR (300 MHz, CDCl3) d 0.73 (t,
J = 7.5 Hz, 18H, CH3), 1.52 (m, 6H, CH2), 1.67 (m,
6H, CH2), 2.26 (m, 3H, CH), 6.84 (s, 2H, CH); 13C
NMR (75 MHz, CDCl3): d 11.7, 11.9, 29.1, 29.3, 43.6,
49.6, 123.6, 135.9, 147.4, 151.9; HR-MS (EI) m/z calcd
for C21H35NO2: 333.2668. Found 333.2664; IR (cm�1)
1526 (vs), 1381 (vs).

3.6. 1,2,4,-Tri(1-ethylpropyl)-5-nitrobenzene, 6b

1H NMR (300 MHz, CDCl3) d 0.80 (m, 18H, CH3), 1.56
(m, 6H, CH2), 1.70 (m, 6H, CH2), 2.85 (m, 2H, CH),
3.03 (m, 1H, CH), 7.09 (s, 1H, CH), 7.49 (s, 1H, CH);
13C NMR (75 MHz, CDCl3): d 11.8, 28.9, 41.8, 121.4,
125.5, 136.4, 143.2, 149.3; HR-MS (EI) m/z calcd for
C21H35NO2: 333.2668. Found 333.2663; IR (cm�1)
1521 (vs), 1345 (vs).

3.7. 1,2,4,5-Tetra(1-ethylpropyl)-3-nitrobenzene, 7b

Mp 157 �C; 1H NMR (300 MHz, CDCl3) d 0.81 (m,
24H, CH3), 1.52 (m, 4H, CH2), 1.71 (m, 12H, CH2),
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2.20 (m, 2H, CH), 2.91 (m, 2H, CH), 7.08 (s, 1H, CH);
13C NMR (75 MHz, CDCl3): d 12.0, 12.9, 28.1, 29.0,
42.3, 45.8, 126.9, 129.7, 144.2, 156.3; HR-MS (EI) m/z
calcd for C26H45NO2: 403.3450. Found 403.3446; IR
(cm�1) 1526 (vs), 1381 (vs).
3.8. 4-(1-Ethylpropyl)phenylamine, 1c

1H NMR (300 MHz, CDCl3) d 0.87 (t, J = 7.3 Hz,
3H, CH3), 0.88 (t, J = 7.3 Hz, 3H, CH3), 1.59 (m, 2H,
CH2), 1.72 (m, 2H, CH2), 2.28 (m, 1H, CH), 3.59 (s,
2H, NH2), 6.71 (d, J = 7.2 Hz, 2H, CH), 7.00 (d,
J = 7.2 Hz, 2H, CH); 13C NMR (75 MHz, CDCl3): d
12.3, 29.5, 48.9, 115.3, 128.6, 135.9, 144.3; HR-MS
(EI) m/z calcd for C11H17N: 163.1361. Found
163.1359; IR (cm�1) 3440 (m), 3354 (m), 3219 (w).
3.9. 3,4-Di(1-ethylpropyl)phenylamine, 2c

1H NMR (300 MHz, CDCl3) d 0.83 (m, 12H, CH3), 1.53
(m, 4H, CH2), 1.65 (m, 4H, CH2), 2.74 (m, 2H, CH),
3.45 (br s, 2H, NH2), 6.52 (m, 2H, CH), 6.95 (m, 1H,
CH); 13C NMR (75 MHz, CDCl3): d 12.3, 29.2, 41.4,
41.9, 112.6, 113.2, 126.6, 134.6, 143.6, 145.2; HR-MS
(EI) m/z calcd for C16H27N: 233.2143. Found
233.2140; IR (cm�1) 3450 (m), 3359 (m), 3219 (w).
3.10. 2,4-Di(1-ethylpropyl)phenylamine, 3c

1H NMR (300 MHz, CDCl3) d 0.82 (m, 12H, CH3), 1.6
(m, 8H, CH2), 2.16 (m, 1H, CH), 2.49 (m, 1H, CH),
3.07 (br s, 2H, NH2), 6.65 (d, J = 7.5 Hz, 1H, CH),
6.76 (d, J = 7.5 Hz, 1H, CH), 7.04 (d, J = 7.5 Hz, 1H,
CH); 13C NMR (75 MHz, CDCl3): d 11.9, 12.2, 27.6,
29.2, 41.9, 49.0, 123.1, 126.5, 129.5, 136.1, 142.1,
146.4; HR-MS (EI) m/z calcd for C16H27N: 233.2143.
Found 233.2138; IR (cm�1) 3465 (m), 3374 (m), 3219
(w).
3.11. 2,5-Di(1-ethylpropyl)phenylamine, 4c

1H NMR (300 MHz, CDCl3) d 0.83 (t, J = 7.3 Hz, 6H,
CH3), 0.87 (t, J = 7.3 Hz, 6H, CH3), 1.69 (m, 8H,
CH2), 2.22 (m, 1H, CH), 2.47 (m, 1H, CH), 3.65 (br s,
2H, NH2), 6.49 (s, 1H, CH), 6.60 (d, J = 7.7 Hz, 1H,
CH), 6.98 (d, J = 7.7 Hz, 1H, CH); 13C NMR
(75 MHz, CDCl3): d 12.0, 12.3, 27.9, 29.3, 41.8, 49.4,
115.6, 118.8, 126.5, 127.4, 143.8, 144.0; HR-MS (EI)
m/z calcd for C16H27N: 233.2143. Found 233.2139; IR
(cm�1) 3470 (m), 3379 (m), 3219 (w).
3.12. 2,4,6-Tri(1-ethylpropyl)phenylamine, 5c

1H NMR (300 MHz, CDCl3) d 0.73 (t, J = 7.3 Hz, 6H,
CH3), 0.81 (t, J = 7.3 Hz, 12H, CH3), 1.61 (m, 12H,
CH2), 2.16 (m, 1H, CH), 2.50 (m, 2H, CH), 3.39 (br s,
2H, NH2) 6.61 (s, 2H, CH); 13C NMR (75 MHz,
CDCl3): d 11.8, 12.1, 27.8, 42.2, 49.2, 123.3, 129.6,
135.1, 139.9; HR-MS (EI) m/z calcd for C21H37N:
303.2926. Found 303.2922; IR (cm�1) 3480 (m), 3394
(w), 3219 (vw).
3.13. 2,3,5,6-Tetra(1-ethylpropyl)phenylamine, 7c

Mp 70 �C; 1H NMR (300 MHz, CDCl3) d 0.78 (t,
J = 7.3 Hz, 12H, CH3), 0.87 (t, J = 7.3 Hz, 12H, CH3),
1.58 (m, 8H, CH2), 1.79 (m, 8H, CH2), 2.79 (m, 2H,
CH), 3.00 (m, 2H, CH), 3.47 (s, 2H, NH2), 6.38 (s,
1H, CH); 13C NMR (75 MHz, CDCl3): d 12.0, 13.4,
26.2, 28.8, 41.1, 42.7, 125.3, 141.5, 143.6; HR-MS (EI)
m/z calcd for C26H47N: 373.3708. Found 373.3703; IR
(cm�1) 3500 (m), 3424 (w).
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