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ABSTRACT: A copper-promoted tandem reaction of a variety of
azobenzenes and allyl bromides via NN bond cleavage to
regioselectively construct quinoline derivatives has been developed.
The azobenzenes act as not only construction units but also an oxidant
for quinoline formation.

RNNR bond cleavage is of interest to understand the
mechanisms of dinitrogen fixation. Moreover, RNNR bond
cleavage also offers potential value in catalytic and stoichio-
metric transformations involving [NR] transfer. Recently, the
systematic cleavage of the NN bond of azoarenes has been
extensively investigated with metal complexes, in which the
NN bond was cleaved to give imido metal complexes or
azametallocycles.1 In addition, the transition-metal-catalyzed
reduction of azoarenes also lead to the NN bond cleavage
to afford anilines.2 Nevertheless, the well-defined NN bond
cleavage reactions of azoarenes have rarely been reported to
directly form C−N bond in the construction of nitrogen-
containing heterocycles,3 to the best of our knowledge.
Quinoline is a class of nitrogen-containing heterocycles

present in many biologically active compounds, including
natural products and synthetic drugs.4 Over the years, many
strategies for the preparation of quinolines have been
developed. Classical methods such as Skraup syntheses mainly
employ condensation and Friedel−Crafts type reactions for
ring construction.5 Methods developed more recently tend to
utilize transition metals to assist annulation via cycloaddition,6

cationic cyclization,7 and C−H or C−X functionalization.8

Most of these existing methods employ substrates limited to
anilines or prefunctionalized anilines, and many suffer from
complicated multistep procedures and low regioselectivity. As a
part of our ongoing projects on the formation of heterocycles
using various substrates,9 we herein report a new one-pot
method for the regioselective synthesis of quinolines from
azobenzenes and allyl bromides via NN bond cleavage in the
presence of CuI. In this reaction, the azobenzenes acted as both
construction units and an oxidant.
Initially, 1,2-bis(p-tolyl)diazene 1a and allyl bromide 2a

were chosen as the model substrates to optimize the reaction
conditions. As shown in Table 1, we first tested various copper
salts in dichloroethane (DCE) at 120 °C for 6 h. When the re-
action was attempted with CuI as a promoter, the product 3aa
was obtained in 35% yield (entry 1). CuBr, CuCl, and CuBr2

were less effective, while Cu(OTf)2 was inactive (entries 2−5).
The product yield was considerably affected by the molar ratio
of 1a to 2a (entries 6 and 9−11). The optimal ratio of 1a to 2a
was found to be 1:2, which afforded an excellent yield (entry
10, 92% yield of 3aa). The yield of product 3aa did not
improve when the molar ratio of 1a to 2a was increased into
1:3. When replacing 2a with allyl choloride, no conversion of
1a was observed (entry 12), while allyl iodide led to an 89%
yield of 3aa (entry 13). Then, the effect of solvents was also
investigated (entries 10 and 17−19). The use of CHCl3 and
CH3CN afforded product 3aa in 61% and 70% yield,
respectively. However, no product 3aa was detected when the
reaction was performed in toluene (entry 19). The decrease of re-
action temperature to 110 °C resulted in a 65% yield (entry 16).
In addition, when the amount of CuI was reduced to 0.5 equiv,
the product 3aa was obtained in only 66% yield (entry 14), and
the reaction did not proceed at all without CuI (entry 15).
Notably, reaction under air could give product 3aa, albeit in
relatively lower yield (entry 20). On the basis of the above-
mentioned results, the optimal conditions are shown in entry 10.
Under the optimized reaction conditions, a study on the

substrate scope was carried out. Some results are summarized in
Scheme 1. First, a variety of symmetric azobenzenes 1 with
a range of substituents, including p-Me, o-Me, p-OMe, m-tBu,
and m-Me groups, were used in the reaction with allyl
bromide 2a. The corresponding quinolines were obtained in
58%−92% yields (3aa−3ea). When 1,2-bis(m-tolyl)diazene 1e
was used in this reaction, the products were obtained as two
isomers in 58% yield in a 5:1 ratio. It should be noted that
7-(tert-butyl)quinoline 3da as the sole regioisomer was ob-
tained using 1,2-bis(m-tert-butylphenyl)diazene 1d as the
reactant, which may be attributed to bulky effect. When 1,2-
bis(3,5-dimethylphenyl)diazene 1g was used, we also obtained
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5,7-dimethylquinoline 3ga in 66% yield. While azobenzenes
with substituents such as p-Cl, p-F, and p-CF3 were tolerated,
the reactions did not proceed and starting materials remained.
To further demonstrate the scope of the reaction, crotyl
bromide 2b was chosen as a substrate and we were gratified to
find the scope of substrates extended to less electron-rich
azobenzenes. As shown in Scheme 1, a series of substituents on
symmetric azobenzenes, including p-Me, m-OMe, p-Cl, m-Cl,
p-F, p-CF3, and m-CF3 groups, were tolerated and the
corresponding quinolines were obtained in moderate to good
yields (3ab−3mb). Furthermore, some other substituted allyl
bromides were examined (2c−2h) and the corresponding
products were obtained in 28−72% yields with high regioselec-
tivity (3ac−3ah). β- or γ-Monosubstituted and β,γ-disubsti-
tuted allyl bromides could be all tolerated in the reaction
(3ab−3af and 3ag−3ah). However, when 5-bromo-4-methyl-
hept-3-ene 2i (an α,β,γ-trisubstituted allyl bromide) was
employed, the desired quinoline 3ai was not observed and
only p-toluidine 4a was obtained in 68% yield (eq 1). Notably,

when asymmetric azobenzene 1-(p-tolyl)-2-(p-(trifluoro-
methyl)phenyl)-diazene 1n was employed, products 3ab and
3lb were obtained in 49% and 15% yield, respectively (eq 2).
This result means that the formation of quinoline is favored on
the more electron-rich benzene ring.
To probe the reaction mechanism, additional experiments

were performed. First, we tried 1,2-dimesityldiazene 1o as the
substrate, which in principle does not cyclize to afford quino-
line, to react with 2a, and 4o and 5oa were obtained respec-
tively in 27% and 18% yield with 30% of 1o remaining (eq 3).

This reaction suggests conversion of azobenzene to aniline, and
meanwhile allylation of the generated aniline could occur under
this condition.
Then, by respectively adding one equivalent of aniline 4f and

5fa to the reaction system as shown in eq 3, we found quinoline
3fa formed in 45% (eq 4) and 27% (eq 5) yield, respectively.
These results indicated aniline and N-allylaniline could be
intermidiates in the formation of quinoline.
When the reaction of cinnamyl bromide 2c and 1a was

subjected to a lower temperature, i.e. 80 °C, cinnamaldehyde
anil 7ac was obtained in 16% yield (eq 6). To prove the pos-
sible intermediate of this compound, cinnamaldehyde anil 7ac

Table 1. Reaction Optimization of 1, 2-Bis(p-tolyl)diazene 1a with Allyl Bromide 2aa

entry t/°C solvent Cu salts time/h ratio of 1a to 2a yieldb/% (conversionc/%)

1 120 DCE CuI 6 1:1 35(59)
2 120 DCE CuBr 6 1:1 25(65)
3 120 DCE CuCI 6 1:1 11(23)
4 120 DCE CuBr2 6 1:1 19(44)
5 120 DCE Cu(OTf)2 6 1:1 0(76)
6 120 DCE CuI 12 1:1 40(72)
7 120 DCE CuI 24 1:1 45(83)
8 120 DCE CuI 36 1:1 43
9 120 DCE CuI 12 1:1.5 64
10 120 DCE CuI 12 1:2 92,82d

11 120 DCE CuI 12 1:3 84
12e 120 DCE CuI 12 1:2 0
13f 120 DCE CuI 12 1:2 89
14g 120 DCE CuI 12 1:2 66
15h 120 DCE − 12 1:2 0
16 110 DCE CuI 12 1:2 65
17 120 CHCI3 CuI 12 1:2 61
18 120 CH3CN CuI 12 1:2 70
19 120 toluene CuI 12 1:2 0
20i 120 DCE CuI 12 1:2 65

aReaction condition: 0.2 mmol of 1a, 0.2 mmol of Cu salt, 2 mL of solvent, under N2, in a sealed tube. All chemical yields are calculated on the basis
of 1a. b1H NMR yield. c1H NMR conversion of 1a. dIsolated yield. eAllyl choloride as substrate. fAllyl iodide as substrate. g0.1 mmol of CuI; when
reaction time was prolonged to 36 h, the yield of 3aa reached 78%. hWithout CuI. iUnder air.
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was synthesized and reacted with 1o in the presence of CuI, but
no formation of quinoline 3ac was observed (eq 7). According
to precedent literature, acrolein anils 7 cyclize to dihydroquino-
lines and subsequently become oxidized under acidic
conditions to afford quinolines, which is a plausible pathway

for the Skraup reaction.10 In our reaction, hydrogen bromide is
formed when aniline 4 reacts with allyl bromide, which might
be important to assist the cyclization of 7ac. Thus, the
hydrobromide of 7ac (8ac) was synthesized and reacted with
1o in the presence of CuI, and 3ac was obtained in 45% yield
(eq 8). Notably, the regioselectivity of cyclization in our
reaction, i.e. forming 2-substituted instead of 4-substituted
quinoline, is identical with that reported.10 Therefore, we believe
the intermediate acrolein anil 7 transforms into 3 with the assis-
tance of HBr in a pathway consistent with what was reported.10

Additionally, it has been reported that N-allyl aniline could
be oxidized to acrolein anil 7 with metal as the catalyst.11 Under
our reaction conditions, CuI and azobenzene could work
together to transform 6fa into quinoline 3fa (eq 9), which very

possibly invovled oxidation of N-allyl aniline to acrolein anil 7
as the first step. It should be noted that both CuI and acidic
conditions are necessary.
Based on the aforementioned results, a plausible reaction

mechanism is proposed in Scheme 2. First, reduction of

azobenzene 1 in the presence of CuI and allyl bromide 2 affords
aniline 4 to initiate the reaction. Then, 4 undergoes nucleophilic
substitution to generate N-allyl aniline 5 and HBr. The

Scheme 1. CuI-Promoted Reaction of Symmetric
Azobenzenes 1 with Allyl Bromides 2 for Synthesis
of Quinolines 3a

aReaction conditions: 0.2 mmol of 1, 0.4 mmol of 2, 0.2 mmol of CuI,
2 mL of DCE, 12 h, 120 °C. 1H NMR yields (%) and isolated yields
(%, in bracket) are displayed; all chemical yields are calculated on the
basis of 1. b130 °C. cReaction for 24 h.

Scheme 2. A Plausible Mechanism
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obtained N-allyl aniline 5 undergoes oxidation to furnish
acrolein anil 7, subsequently cyclizing to furnish intermediate 9
under acidic conditions.10 Finally, the desired quinoline 3 was
generated through dehydrogenation of the dihydroquinoline 9.
The oxidative processes, i.e. 5 to 7 and 9 to 3, are accompanied
by reduction of azobenzene 1 to aniline 4, which ends up as
starting material for another quinoline molecule formation.
Although how aniline was initially generated is still not clear, com-

parison of the following two reactions may give us some indications
(eqs 10−11). Treatment of (E)-1,2-bis(2,4-dimethylphenyl)diazene

1p under the conditions without employing allyl bromide
did not afford any products and 1p remained (eq 10). When
1 equiv of hydrogen bromide (aqueous solution) was added
(eq 11), anilines 4p and 4q were observed by GC-MS (see
details in Supporting Information). This reduction very
possibly involves a proton as a hydrogen source and Cu(I) as
an electron source. Aniline 4q could have been produced by
bromination of 4p with a combination of Br− and the
generated Cu(II).12 In the reaction with allyl bromide, we
believe it is possible that HBr may first be produced by
hydrolysis (with a trace amount of H2O in DCE) or pyrolysis
of allyl bromide. Then, a similar electron transfer and
proton transfer process results in the initial reduction of
azobenzene.
In summary, we have developed a copper-promoted reaction

of azobenzenes with allyl bromides via NN bond cleavage to
construct quinoline derivatives. The reaction conditions and the
scope of this process were examined. The procedure is simple,
the substrates are readily available, and no external oxidant is
needed for quinoline formation. Mechanistic studies indicated a
multistep domino reaction as a reasonable process. Further
investigations to elucidate the interesting initial reduction of
azobenzene are still in progress.
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