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Abstract

Reduction of aromatic rings such as phenol, naphthalenes, biphenyls, acenaphthene, and acenaphthylene
was smoothly performed using a Raney Ni—Al alloy in dilute aqueous alkaline solution without any organic
solvents at 90°C under atmospheric pressure, and the corresponding reduced compounds were obtained in
high yields. © 2000 Elsevier Science Ltd. All rights reserved.

The reduction of aromatic rings is carried out by a variety of methods, including heterogeneous
or homogeneous catalytic hydrogenation, metal hydride reaction, dissolving metal reduction, and
ionic hydrogenation.? Since hetereogeneous catalytic hydrogenation? is usually undertaken under
forcing conditions (high pressure and/or elevated temperature) using a catalyst such as Raney
Ni,* Pd,> Pt/Al,05,° Ru” and Rh,® special apparatus such as an autoclave is generally necessary
to achieve the reaction. On the other hand, although homogeneous catalytic hydrogenation can
be carried out under milder conditions than those for heterogencous hydrogenation, some
atmospheric hydrogen pressure and an organic solvent are usually needed and, furthermore, a
transition metal complex, which is very sensitive to air and moisture, must be employed.>*’
Similarly, since metal hydride reduction using, for example a borane catalyst'® and LAH,!!
dissolving metal reduction such as Birch reduction,'> and ionic hydrogenation, for example 1-
ethyl-3-methylimidazolium chloride-AlCls,!? also requires a moisture-sensitive reagent and an
organic solvent, the reaction procedures are considerably tedious. In these methods, there is little
consideration given to the environment as they require the use of an organic solvent. Accordingly,
as a result of our extensive efforts to develop an environmentally-friendly method with a cheap
reagent in a simple operation, we have now found that by a novel combination of a Raney Ni—Al
alloy'* and dilute aqueous alkaline solution without any organic solvents, a strong reducing power
is attained to reduce an aromatic ring under mild conditions.

* Corresponding author.
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In a preliminary work, reduction of biphenyl 1 was performed under various conditions. In the
method employed, an aqueous KOH solution was dropped slowly into a mixture of 1, Raney Ni—
Al alloy and water.!®> The results are summarized in Table 1 and Scheme 1. The reaction time was
shortened as the drop time of the aqueous alkaline solution was prolonged (Runs 1 and 2). On
the other hand, when dropping the aqueous alkaline solution into the reaction vessel over 0.5 h,
the reaction time was extended (7 h) and some of the unreacted substrate remained (yield: 5%).
These results may suggest that the more dilute the concentration of the alkaline solution is, the
stronger the reducing power is.'® The requisite amount of the Raney Ni-Al alloy was 5 g when
using 10 ml of the alkaline solution and 3.5 g when using 20 ml of the alkaline solution, respect-
ively (Runs 5 and 6). Treatment of 1 with the Raney Ni—Al alloy (3.5 g) in 1% aq. LiOH/H,0,
NaOH/H,0, Na,CO3/H»0, and Ba(OH),/H»O as well as 1% aq. KOH/H,O also gave 2 in high
yield. But, in 1% aq. CsOH/H,0, K,CO3/H,0, NaHCO3/H,0, and Ca(OH),/H,O, the Raney
Ni—Al alloy was ineffective for reduction of 1.

Table 1
Reduction of biphenyl 1 with Raney Ni—Al alloy in dilute aqueous alkaline solution®

Ni-Al  Drop Time® 1% aq KOH/Water ~Reaction Time® Isolated Yield

Run
(@ (h) (mb/ml) (h) (%)
1 5 1 50/50 5 94
2 5 1.5 50/50 3 95
3 5 1.5 25/25 4 93
4 5 1.5 10/10 4 91
5 5 1.5 5/5 6 91
6 3.5 1.5 10/10 6 94

a) 1: 5 mmol. b) Drop time is that 1% aq KOH was added dropwise to reaction vessel. c) The drop time is not
included in the mentioned time.

1% aq KOH/Water, 90 °C

1 2

Scheme 1.

Reduction using a Raney Ni—Al alloy was mainly developed by Papa and Schwenk et al. and
this method is well-known.!” However, the conventional method which is carried out by adding a
Raney Ni—Al alloy to 10% aq. NaOH solution at 90°C is very dangerous because hydrogen gas is
vigorously generated, and in the reduction of alkali-insoluble compounds, an organic solvent
such as EtOH and toluene and a considerable amount of the Raney Ni-Al alloy are required.'®
Furthermore, biphenyl was hardly reduced by this procedure.!” In comparison with the
conventional method, there are some advantages to our method as it is very safe and operat-
ionally easy even at 90°C because hydrogen gas generates very gently as a dilute alkaline solution
is added to a mixture of water and the Raney Ni—Al alloy. In addition, our method has a stronger
reducing power and the reduction of alkali-insoluble compounds could be performed smoothly in
the absence of organic solvents.

Under these optimized conditions, reduction of other aromatic compounds was carried out by
using the Raney Ni—Al alloy in 1% aq. KOH/H,O without any organic solvents at 90°C under
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atmospheric pressure (Table 2). In the case of 4-phenylphenol, 4-phenylcyclohexanol and
4-cyclohexylphenol were obtained (Entry 1). The reduction of biphenol afforded 4,4’-dihydroxy-
cyclohexylbenzene (Entry 2). Interestingly, the stereoisomer of the obtained 4-phenylcyclohexanol
and 4,4'-dihydroxycyclohexylbenzene was only the frans form (Entries 1 and 2). The methoxy
group on biphenyl was reduced under these conditions, and cyclohexylbenzene was mainly
formed (Entry 3). In the case of a cyano group, reduction of the cyano group only proceeded

Table 2
Reduction of aromatic compounds with Raney Ni-Al alloy in dilute aqueous KOH solution®

Entry Substrate Temp./°C Time/h® Product Isolated Yield/%

@—O—OH (trans)® 60
1 { N Hon 20 3.5 { Yo o

2 HOOH 90 45° HOO—Q—OH (trans)? 93

" 4
3 (VY Yome w0 25.59 { O
o0  a
O—-re 9
. I v w0 25.5 { A YA T
A | S
’/R —/R
5 R=H 90 35 R=H 91
6 R=1-OMe 90 35 [ B2 ome I
7 R=1-OH 90 3.5 R=1-OH 93
8 R=2-OH 90 3.59 R=2-OH 57

eI
90 6.5 (% 94
11 @OH 90 25 <:>—OH 93

12 @—OH 60,M " 15 QOH 86
13 @—01-1 60 25 <:>—OH 93

a) Substrate: 5 mmol, Raney Ni-Al alloy: 3.5 g, 1% aq KOH/Hz0=10/10 ml. b) The time (90 min) of dropping 1% aq KOH
solution to the reaction vessel is included in the mentioned time. ¢) m.p. 119-120 °C (Iit.2° 118-118.5 °C). d) Substrate
(12%) was recovered. €) 1% aq KOH/H,0=100/100 ml. f) m.p. 223.5-224.5 °C (lit.2! 222.5-223.5 "C). g) Substrate
(34%) remained. h) Under ultrasonication.
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(Entry 4). In the case of naphthalenes, the corresponding tetrahydronaphthalenes were obtained
(Entries 5-8). Reduction of 2-naphthol was more difficult than that of 1-naphthol. Furthermore,
acenaphthene and acenaphthylene were also reduced, respectively (Entries 9 and 10). In the case
of phenol, reduction took place easily at a lower temperature (60°C) to give cyclohexanol in high
yield. Ultrasonication accelerated the reaction (Entries 12 and 13).

The greatest advantage of our method compared with other methods is that the reaction is
operationally simple and safe in aqueous media under mild conditions (90°C and atmospheric
pressure) and hydrogen gas is not necessary because the proton source is water. Furthermore, the
Raney Ni—Al alloy is inexpensive. Recently, in view of environmental concerns, organic reactions
in water without any organic solvents have been receiving attention.?? Therefore, our method is
quite interesting and provides a simple and effective procedure for reduction of aromatic rings.
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