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a b s t r a c t

A ligand-free copper-catalyzed reduction of azaarenes with diboronic acid as reductant in an aprotic
solvent under mild conditions has been developed. Most interestingly, the nitroazaarenes could be
reduced exclusively to give the corresponding amines without touching the azaarene moieties.
Furthermore, the reductive amination of aromatic nitro compounds and aromatic aldehydes has also
been realized. A series of hydrogenated azaarenes and secondary amines were obtained with good
functional group tolerance.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

1,2,3,4-Tetrahydroquinolines and related N-heterocycles are
important moieties in fine chemicals, pharmaceuticals, agro-
chemicals, dyes, fragrances, and hydrogen-storage materials.1 The
reduction of readily available quinolines using stoichiometric metal
hydrides or reactive metals as classic reductants is a straightfor-
ward method for preparing such compounds.2 In recent decades,
various catalytic hydrogenations and transfer hydrogenations un-
der homogeneous or heterogeneous conditions have also been
developed.3e5 Aromatic amines are important intermediates in the
synthesis of many nitrogen-containing pharmaceuticals, agro-
chemicals, bioactive compounds, dyes, and polymers.6 The reduc-
tion of nitro compounds is one of the common and simple routes to

prepare amines. Since the discovery of B�echamp reduction, a classic
process that generates much metallic waste,7 numerous efforts
have been focused on exploring new and efficient catalysts and
reductants, as well as on developing simple and green procedures.8

However, the reported methods have several drawbacks, such as a
lack of chemoselectivity, the need to handle flammable hydrogen
gas, the use of relatively expensive metal catalysts, harsh condi-
tions. Given these facts, it is highly desirable to develop novel,
efficient, and practical methods for preparing 1,2,3,4-
tetrahydroquinolines and related compounds.

Diboron reagents were initially used as borylation agents for
preparing organoboron compounds.9 In 2016, the diboronic acid
[B2(OH)4]-mediated, Pd-catalyzed, transfer hydrogenation of un-
saturated carbonecarbon bonds with water as a hydrogen donor
was realized.10 Subsequently, the Cuedipinacolborane (B2pin2)-
catalyzed chemoselective reduction of carbonecarbon double or
triple bonds to CeC single bonds in a,b-unsaturated ketones was
developed.11 More recently, the reduction of aromatic nitro com-
pounds to aromatic amines mediated by diboron reagents has also
been reported.12 Subsequently, Xuan and Song developed a Pd/
B2pin2-catalyzed reduction of N-heteroaromatics with water as a
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hydrogen donor.13 Moreover, a B2(OH)4-promoted reduction of N-
heteroaromatics with water as both solvent and hydrogen donor
under metal-free conditions has also achieved.14 In addition,
several reductive tandem reactions with diboron reagents have also
been reported.15 Lately, we reported a palladium-catalyzed che-
moselective reduction and reductive amination of nitroarenes with
water as a hydrogen source mediated by diboronic acid.12b A one-
pot synthesis of tetrahydroquinoxalines from readily available 2-
amino(nitro)anilines and 1,2-dicarbonyl compounds mediated by
diboronic acid with water as both a solvent and a hydrogen donor
has also been reported by us.14b However, the noble metal palla-
dium and excess amount of diboronic acid (8 equiv) were necessary
in the above two cases. To continue our interest in using diboron
reagents as a mediator for transfer hydrogen, we developed a Cu-
catalyzed reduction of azaarenes and nitro aromatic compounds
with B2(OH)4 as a reductant under mild conditions. Most inter-
estingly, the nitroazaarenes can be reduced exclusively to the cor-
responding amine, with the azaarene remaining intact (Scheme 1).

2. Results and discussion

Initially, we selected the reduction of quinoline (1a) as a model
reaction to optimize the reaction parameters. First, the reactionwas
performed with 3.0 equivalents of B2(OH)4 as reductant in aceto-
nitrile at 40 �C for 24 h, but no reactionwas observed (Table 1, entry
1).

And then we tested various metal catalysts [Pd/C, Pd(OAc)2,
Fe(OAc)2, Zn(OAc)2, AgOAc, and Cu(OAc)2] (entries 2e7), and we
found that Cu(OAc)2 gave 1,2,3,4-tetrahydroquinoline (2a) in 98%
yield (entry 7). Other copper salts [Cu(OTf)2, CuF2, CuCl2, CuBr2,
CuCl, and CuI] were also screened, but relatively lower yields were
obtained (entries 8e13). Next, we examined the effects of the
catalyst loading and the amount of reductant. The yield of 2a
decreased to 61% when 2mol % of Cu(OAc)2 was used (entry 14).
When the amount of B2(OH)4 was reduced to 2.5 equivalents, a 92%
yield of 2a was obtained (entry 15). Other boron reagents [NaBH4,
B(OH)3, B2pin2, and B2(cat)2] were examined, but no reaction took
place (entries 16e19). The yield of 2a remained unchanged when
the reaction time was reduced to 8 h (entry 20). Other aprotic
solvents [toluene, EtOAc, tetrahydrofuran (THF), CH2Cl2, and N,N-
dimethylformamide (DMF)] were screened, but moderate yields
were obtained in each case (entries 22e26). The reaction also
proceeded smoothly in methanol, giving an 82% yield (entry 27),
whereas a lower yield was obtained in water (entry 28). Finally,
5mol % Cu(OAc)2, 3 equivalents of B2(OH)4, 2mL of MeCN, 40 �C,
and 8 h were selected as the optimal reaction conditions.Scheme 2

With the optimal reaction conditions in hand, we investigated
the scope of azaarene (Scheme 3). The reduction of electron-rich
methyl-substituted quinolines 1beg and methoxy-substituted
quinolines 1hei proceeded smoothly to give the corresponding
products 2bei in 88e97% yield, whereas electron-deficient quin-
olines gave relatively lower yields. For example, 6-chloro-1,2,3,4-
tetrahydroquinoline (2j) was isolated in 84% yield. None of the

desired product was obtained from 8-nitroquinoline (1k). The 2-
arylquinolines 1lep also underwent this transformation, afford-
ing the corresponding products 2lep in 84e92% yield at 80 �C for
12 h 2-(2-Thienyl)quinoline (1q) was converted into the corre-
sponding tetrahydroquinoline 2q in 82% yield. Polycyclic hetero-
aromatics acridine (1r) and benzo[h]quinoline (1s) similarly gave
the corresponding products 2r and 2s in 78% and 72% yield,
respectively. In addition, both the pyridine rings of 1,10-
phenanthroline (1t) were reduced to give 1,2,3,4,7,8,9,10-
octahydro-1,10-phenanthroline (2t) in 85% yield. However, no re-
action occurred when pyridine was used as a substrate. Further-
more, the quinoxalines 1u and 1v also underwent the reduction to
give the corresponding tetrahydroquinoxalines 2u and 2v in 90%
and 93% yield, respectively.

To our surprise, when we conducted the reduction of 8-
nitroquinoline (1k) in the presence of 5mol % of Cu(OAc)2 with
three equivalents of B2(OH)4 as reductant in MeCN at 40 �C for 24 h,
the product 2k and 5were not detected. Instead, the nitro group of
1k was reduced exclusively to give quinolin-8-amine (4a) in 60%
yield (Table 2, entry 1). The product 2k and 5 were still not
observed even if raising the temperature and increasing the
amount of B2(OH)4 (entries 2e5). Very interestingly, 1k could be
reduced to compound 5 in 78% yield in the absence of Cu(OAc)2,
without detecting selective hydrogenated products 4a and 2k
(entry 6).

As shown in Scheme 3, several control experiments wereScheme 1. Cu-Catalyzed Chemoselective Reduction of Azaarenes and Nitro Groups.

Table 1
Optimization of the reaction conditions a

Entry Catalyst Reductant (equiv) Solvent Time (h) Yield (%)b

1 e B2(OH)4 (3) MeCN 24 0

2 Pd/C B2(OH)4 (3) MeCN 24 27
3 Pd(OAc)2 B2(OH)4 (3) MeCN 24 32
4 Fe(OAc)2 B2(OH)4 (3) MeCN 24 0
5 Zn(OAc)2 B2(OH)4 (3) MeCN 24 0
6 AgOAc B2(OH)4 (3) MeCN 24 0
7 Cu(OAc)2 B2(OH)4 (3) MeCN 24 98
8 Cu(OTf)2 B2(OH)4 (3) MeCN 24 71
9 CuF2 B2(OH)4 (3) MeCN 24 9
10 CuCl2 B2(OH)4 (3) MeCN 24 33
11 CuBr2 B2(OH)4 (3) MeCN 24 29
12 CuCl B2(OH)4 (3) MeCN 24 75
13 CuI B2(OH)4 (3) MeCN 24 67
14c Cu(OAc)2 B2(OH)4 (3) MeCN 24 61
15 Cu(OAc)2 B2(OH)4 (2.5) MeCN 24 92
16 Cu(OAc)2 NaBH4 (3) MeCN 24 0
17 Cu(OAc)2 B(OH)3 (3) MeCN 24 0
18 Cu(OAc)2 B2pin2 (3) MeCN 24 0
19 Cu(OAc)2 B2(cat)2 (3) MeCN 24 0
20 Cu(OAc)2 B2(OH)4 (3) MeCN 8 98
21 Cu(OAc)2 B2(OH)4 (3) MeCN 6 78
22 Cu(OAc)2 B2(OH)4 (3) toluene 8 13
23 Cu(OAc)2 B2(OH)4 (3) EtOAc 8 12
24 Cu(OAc)2 B2(OH)4 (3) THF 8 45
25 Cu(OAc)2 B2(OH)4 (3) CH2Cl2 8 7
26 Cu(OAc)2 B2(OH)4 (3) DMF 8 60
27 Cu(OAc)2 B2(OH)4 (3) MeOH 8 82
28 Cu(OAc)2 B2(OH)4 (3) H2O 8 23

a Reaction conditions: quinoline (1a; 0.5mmol), catalyst (5mol %), reductant (3.0
equiv), solvent (2mL), 40 �C

b Determined by GC analysis with an internal standard (mesitylene).
c 2 mol % Cu(OAc)2 was used.
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