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An unusual de-nitro reduction of 2-substituted-4-nitroquinolines
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Abstract—The treatment of a variety of 2-substituted-4-nitroquinolines with Sn in the presence of concentrated hydrochloric acid in
ethanol at 70 °C for 24 h afforded unusual de-nitro products 2-substituted-quinolines in good yields.

© 2006 Elsevier Ltd. All rights reserved.

Nitroaromatics compounds are important chemicals and
commonly used precursors of other valuable organic
products.! The reduction of nitro compounds leads to
various classes of products such as amines, hydroxyl-
amines, hydrazines, nitroso-, azo-, or azoxy compounds.
The commonly employed reducing reagents include
hydrogen with palladium-on-carbon as catalyst, metal
hydride, metal-acid reducing system, and so on.
Although Sn and concentrated hydrochloric acid as a
reducing system have become less important since the
development of catalytic hydrogenation and of metal
hydride reducing agents, this method is still used, most
notably for the reduction of aromatic nitro compounds
to the corresponding amines.? In our previous research,?
2-(3-chlorophenyl)-4-aminoquinoline (3a), as a key inter-
mediate in the synthesis of novel chemical inhibitors of
human cyclophilin A, was not obtained by reduction of
2-(3-chlorophenyl)-4-nitroquinoline (1a) with Sn and
concentrated HCI (Scheme 1). Unexpectedly, a de-nitro
product 2-(3-chlorophenyl)-quinoline (2a) was isolated
in 60% yield, whose "H NMR and MS spectral data are
identical to the reported data of 2-(3-chlorophenyl)-quin-
oline.* This result drew our great attention to the reaction
mechanism and application of the reduction of 2-substi-
tuted-4-nitroquinolines with Sn/HCI.
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Using 2-(3-chlorophenyl)-4-nitroquinoline (la) as a
model compound, we tested the reduction conditions
by using four different reductants, H,/Pd/C, SnCl,,
Fe/NH,CI, and Sn/HCI. The results are summarized in
Table 1. It is interesting to notice that the amino product
2-(chlorophenyl)-4-aminoquinoline (3a) was obtained
by the reaction of 1a with Tin(II) chloride and concen-
trated hydrochloric acid in ethanol with an excellent
yield (85%). Likewise, 88% yield of the amino product
3a was achieved using Fe and ammonium chloride in
ethanol. In the case of Pd/C, compound 3a was also
afforded in 42% yield. However, de-nitro product 2-(3-
chlorophenyl)-quinoline (2a) was isolated exclusively in
the presence of Sn and concentrated hydrochloric acid
in ethanol at 70 °C in 60% yield.

When we applied this condition to more substrates,
especially various 2-aryl-4-nitroquinolines, good yields
of the desired de-nitro products were isolated and the
results are summarized in Table 2. 2-Aryl-4-nitroquino-
lines (1a—i) and 2-cyclohexyl-4-nitroquinoline (1j) were
synthesized similar to the methods reported by Atkinson
et al.”> and Brown et al.® by using a-bromoaryl ketone as
the starting materials. In general, the condensation of
o-bromoaryl ketone with potassium phthalimide in
DMF afforded a-phthalimide-aryl ketones, which fur-
ther reacted with isatins in KOH aqueous solution to
give 2-aryl-3-phthalimide-quinoline-4-carboxylic acid.
After sequential hydrazinolysis and rearrangement reac-
tion, the target compounds, 2-aryl-4-nitroquinolines
(la-i) and 2-cyclohexyl-4-nitroquinoline (1j), were
prepared.
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Table 1. Reduction of 2-(3-chlorophenyl)-4-nitroquinoline (1a) with several different reductants

NH;
Reduction Cl
Cl ! Cl
3a

Substrate Reagents Temperature (°C) Time (h) Product (yield, %)
2a 3a
la Sn/HCI (C,HsOH) 70 2 60 —
la Pd/C (C,HsOH) rt 15 — 42
la SnClL,/HCI (C,HsOH) 70 2 — 85
la Fe/NH,ClI (C,HsOH) 70 2 — 88

Table 2. Reduction of 2-(3-chlorophenyl)-4-nitroquinoline analogues (1a-n) with Sn/HCl
NO, NH,
—_— +
N R!  CHyCH,OH N° O R! N° R
1a-n 2a-n 3a-n

1 R! R? Time (h) Product? (yield, %)

2 3
a 3-Cl1-C¢Hy H 2 60 —
b 4-F-C¢Hy H 2 59 —
C 2,4-C12—C6H3 H 3 45 —
d Phenyl H 2 75 —
(3 4—Me—C6H4 H 2 78 —
f 3-MeO-C¢Hy H 2 80 —
g 2,5-(Me0O),—C¢H3 H 2 82 —
h 2,3-Dihydro-1,4-benzodioxin-6-yl H 2 76 —
i Naphthyl H 4 53 —
i Cyclohexyl H 2 26 70
k CH; H 2 67 15
1 H H 2 34 —
m H OCH; 2 — 35
n H CH; 2 — 41

#Typical procedure for target product preparation refers to Ref. 7.

As shown in Table 2, compounds le-h, bearing strong
electron-donating substitutions at the phenyl ring of
2-position of quinoline, are easy to be converted to the
corresponding de-nitro products (2e-h) in 76-82%
yields. On the other hand, compounds 1a—c with halo-
gen-substituted groups at the phenyl ring of 2-position
of quinoline afforded 60%, 59%, and 45% of de-nitro
products 2a—c¢ for 2-3h at 70 °C, respectively. Com-
pound 1d, with no substituted group at the phenyl ring
of 2-position of quinoline, afforded the de-nitro product
(2d) in average yield (75%) (Table 2). However, only
53% yield of the de-nitro product 2-naphthyl-quinoline
(2i) was isolated despite of prolonging the reaction time
to 4 h.

The effect of alkyl substitutions at 2-position and 6-
position of the quinoline ring (1j-n) was also investi-
gated (Table 2). The amino compound, 2-cyclohexyl-4-
aminoquinoline (3j), was the major product under the
same reaction condition from compound 1j, along with
26% of de-nitro compound, 2-cyclohexyl-quinoline (2j).
In contrast, treatment of compound 1k® under the same
condition afforded 67% of de-nitro product, 2-methyl-
quinoline (2k) and 15% of the amino product, 2-
methyl-4-aminoquinoline. Nevertheless, only 34% yield
of de-nitro product quinoline (21) was isolated from
compound 11 while no trace amino compound was
detected (Table 2). Compounds Im-n® were reduced
with Sn/HCI in ethanol to give only 4-amino-quinolines
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(3m-n) in very low yields, of 35% and 41%, respectively.
The above results show that the quinolines bearing 2-
aryl substitutions (1a—i) are particularly prone to form
the de-nitro products. For example, the electron-donat-
ing substituents (le-h) and halogen substituents (la—c)
at the phenyl ring of 2-position of quinoline increase
the reaction yields. 2-Alkyl (1j-k) or 6-alkyl (1m-n) sub-
stituents lead to the generation of amino products (3j-k
3m-n). However, compounds 1j-k gave simultancously
de-nitro products (2j-k) in the process of the reduction
with Sn/HCI. With respect to the effect of reaction time,
compounds 1j-1 as model compounds were reduced for
three different reaction times (2 h, 4 h, and 8 h). The
results show that the yields of target products were not
significantly affected by prolonging the reaction time.

Based on the above experimental results, a plausible
mechanism for the reduction of 2-substituted-4-nitro-
quinolines by Sn and concentrated hydrochloric acid
in ethanol was proposed (Scheme 2). A literature survey
reveals that reduction of aromatic nitro compounds
proceeds by single electron transfer (SET) mechanism
to form amines through intermediate stages involving
azo-compounds (4), which are often reduced further to
the corresponding amines (5).! Moreover, it was re-
ported that free aryl radicals (6) could be generated by
the thermal decomposition of azo-compounds.® On the
other hand, the Sn, bearing a long atomic radius, is
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probably easy to lose the valence electron to further
facilitate the formation of free quinolyl radicals. Fur-
thermore, the free quinolyl radical is probably stabilized
by the paired electrons of N-atom of quinoline ring, and
subsequently captures an electron and a proton to form
quinolines in the presence of Sn and HCI. It is clear that
the 2-aryl substituents of 4-nitroquilines (1a—i) through
the p-m conjugated effect can stabilize the corresponding
free radicals more efficiently than 2-alkyl (1j-k) or 6-
alkyl (1m—n) substituents. 2-Alkyl substituents can par-
tially stabilize the free quinolyl radicals simply through
donor electron action, so compounds (1j-k) afforded a
mixture of de-nitro and amino products. However, when
6-alkyl substituents exert donor electron action, the con-
jugated system of quinoline ring would be destroyed,
which is disadvantageous to molecular energy balance,
so compounds Im-n are prone to give exclusively amino
products. The detailed mechanism is still unclear, and
will be investigated by further experiments.

In summary, we have encountered an unusual reduction
of 2-substituted-4-nitroquinolines with Sn and concen-
trated hydrochloric acid in ethanol, which gives de-nitro
products 2-substituted-quinolines in good yields. A
plausible reaction mechanism involving SET mechanism
of the formation of azo-compound from nitro group
and the formation of free quinolyl radicals was pro-
vided. Further studies will be developed to elucidate
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Scheme 2. Plausible mechanism for the reduction of 2-substituted-4-nitroquinolines by Sn and concentrated hydrochloric acid. Definitive influence
on the product by the different R group, when R = aryl or H, giving product 7; and R = alkyl, giving products 5 and 7.
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the scope and limitation of this reaction, and will be
reported in due course.
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