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Metal-free oxidative olefination of primary
amines with benzylic C–H bonds through direct
deamination and C–H bond activation†
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An oxidative olefination reaction between aliphatic primary amines

and benzylic sp3 C–H bonds has been achieved using N-bromo-

succinimide as catalyst and tert-butyl hydroperoxide as oxidant.

The olefination proceeds under mild metal-free conditions

through direct deamination and benzylic C–H bond activation,

and provides easy access to biologically active 2-styrylquinolines

with (E)-configuration.

Introduction

The deamination of aliphatic primary amines to achieve
α-carbon functionalization is an important transformation in
organic synthesis. Traditionally the deamination has been
achieved by the aggressive oxidation of aliphatic amines using
oxidants such as nitrous acids,1 permanganates,2 dichro-
mates,3 quinonoid species4 and other oxidants,5 but these
suffer from low selectivity and a tendency to overoxidation.
The deamination of primary amines under mild conditions
has remained a challenge.

Very recently a novel type of iodide-catalyzed oxidative
cross-dehydrogenative coupling reactions has received con-
siderable attention due to its use of mild metal-free conditions
and environmentally friendly oxidants such as hydrogen per-
oxide, oxygen or tert-butyl hydroperoxide (TBHP).6 In contrast,
the catalytic use of bromine, a similarly important halogen in
organic synthesis and occupying the same column as iodine in
the periodic table, has been ignored in these oxidative coup-
ling reactions. A number of recent studies have revealed that
the replacement of iodides with bromides may significantly
improve catalytic efficiency and perhaps lead to unexpected

transformations.7 The exploration of bromide-catalyzed
oxidative coupling reactions is therefore highly desirable.

2-Styrylquinolines have been recognized as potent HIV-1
integrase inhibitors that are able to block HIV-1 replication in
cell-based assays.8 Structure–activity relationship study clearly
indicates that the (E)-configuration is required in these struc-
tures for biological activity.8b,9 The conventional approach to
the preparation of 2-styrylquinolines is an aldol-type conden-
sation of 2-methylquinolines with aldehydes using acetic anhy-
dride at high temperature.8a,10 Recent advances include the
use of alternatives to aldehydes, such asN-aryl imines,11N-sulfo-
nyl imines12 or in situ generated N-aryl imines,13 which
enable successful olefination with 2-methylquinolines. To our
knowledge, however, the olefination of aliphatic primary
amines with sp3 C–H bonds through direct deamination and
C–H activation is unknown (Scheme 1). As part of our ongoing
efforts toward the development of halide-mediated cross-de-
hydrogenative coupling (HCDC) reactions,14 we are now able to
describe a N-bromosuccinimide (NBS)-catalyzed method for
the construction of olefins by direct deamination of aliphatic
primary amines and the benzylic C–H bond activation of
2-methylquinolines. This method employs TBHP as a green
oxidant and enables direct deamination and benzylic C–H
bond olefination to take place under mild and metal-free
conditions, furnishing the alkenes with (E)-configuration.

We initiated our investigation using 2-methylquinoline (1a)
and benzylamine (2a) as model substrates to identify the
optimum reaction conditions (Table 1). Iodine-based catalysts
were initially investigated in olefination reactions. When 1a
was treated with 2a (2 equiv.) in the presence of tetra-n-butyl-
ammonium iodide (40 mol%) and TBHP (2 equiv.) at 80 °C for

Scheme 1 The olefination of a primary amine.
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24 h, only a trace amount of the product 3a was observed
(Table 1, entry 1). Further research demonstrated that iodine
was ineffective for this transformation (Table 1, entry 2), and
KI gave a low yield (34%) (Table 1, entry 3). We next investi-
gated bromine-based catalysts, including Bu4NBr, PhBr and
NBS. With the addition of 40 mol% of Bu4NBr or PhBr, it was
found that the reaction provided the olefination product 3a in
37% and 25% yield, respectively (Table 1, entries 4 and 5). On
the other hand, when NBS was used as catalyst a 66% yield of
3a was obtained (Table 1, entry 6). There was no decrease in
yield when the quantities of 2a, NBS and TBHP were reduced
at the same time (Table 1, entry 7). We then continued opti-
mizing the reaction conditions based on entry 7. Among the
oxidants tested, such as 70% TBHP in water, tert-butyl peroxy-
benzoate (TBPB), 30% hydrogen peroxide (H2O2) in water, or
potassium persulfate (K2S2O8) (Table 1, entries 7–10), aqueous
TBHP provided the best result, producing 3a in 67% yield
(Table 1, entry 7). The olefination products were isolated in
lower yield in the presence of TBPB or H2O2 (Table 1, entries 8
and 9), while the use of K2S2O8 gave no olefination product
(Table 1, entry 10). The yield of 3a was decreased when the
reaction proceeded under a nitrogen atmosphere (Table 1,
entry 11). Among the reaction temperatures examined, it
turned out that reaction at 100 °C gave 3a in 70% yield
(Table 1, entry 12). Interestingly, the highest yield of 3a was
obtained when conducting this reaction in the dark over a pro-
longed reaction time (Table 1, entry 13). Thus, a combination
of 20 mol% of NBS as catalyst and 2 equiv. of aqueous TBHP
as oxidant at 100 °C for 48 h in the dark was found to be the
optimal conditions for this transformation.

With the optimized reaction conditions established, the
scope of the reaction substrates was investigated (Table 2).
2-Methylquinolines with functional groups such as fluoro,

chloro, bromo, methoxy, methyl or nitro were compatible with
the reaction conditions and gave the corresponding products
in moderate to good yield (Table 2, 3a–3n). 2,6- and 2,4-
dimethyl-substituted quinolines provided the desired products
in 71% and 69% yield, respectively (Table 2, 3b and 3c). Inter-
estingly, the active C-4 methyl group of 2,4-dimethyl quinoline
remained unaffected under these conditions. The reactions of
various chloroquinolines gave the corresponding products in
yields ranging from 25% to 95% (Table 2, 3e–3g). The olefina-
tion of 7-chloro-2-methylquinoline successfully produced
7-chloro-2-styrylquinoline in 95% yield (Table 2, 3e), while
4-chloro-2-methylquinoline only gave the desired product 3f in
25% yield (Table 2, 3f ). When 8-chloro-2-methylquinoline was
used, a moderate yield of 3g was obtained. 2-Methylquinolines
containing other electron-withdrawing groups (fluoro, bromo,
nitro) were olefinated in moderate to good yield (Table 2,
3h–3j). 3-Methylbenzo[f ]quinoline (1k), with a large aromatic
ring, also exhibited excellent reactivity (Table 2, 3k). The olefi-
nation of 1-methyl-isoquinoline with benzylamine gave a good
yield of product 3l.

We also tested 2-methylquinoxaline and 2,3-dimethyl quin-
oxaline, which underwent the olefination reaction in moderate
or high yield, respectively (Table 2, 3m and 3n). In
addition, 2,3-dimethyl quinoxaline reacted with benzylamine
2a to give the olefination product 3n exclusively at the
2-methyl position, without any 3-methyl olefination. The struc-
ture of compound 3a was further confirmed by single-crystal

Table 1 Optimization of the reaction conditionsa

Entry 2a (mmol) Catalyst (mol%) Oxidant (mmol) Yield (%)

1 1.0 Bu4NI (40) TBHP (2.0) Trace
2 1.0 I2 (40) TBHP (2.0) 0
3 1.0 KI (40) TBHP (2.0) 34
4 1.0 Bu4NBr (40) TBHP (2.0) 37
5 1.0 PhBr (40) TBHP (2.0) 25
6 1.0 NBS (40) TBHP (2.0) 66
7 0.6 NBS (20) TBHP (1.0) 67
8 0.6 NBS (20) TBPB (1.0) 37
9 0.6 NBS (20) H2O2 (1.0) 48
10 0.6 NBS (20) K2S2O8 (1.0) 0
11b 0.6 NBS (20) TBHP (1.0) 28
12c 0.6 NBS (20) TBHP (1.0) 70
13d 0.6 NBS (20) TBHP (1.0) 79

a Reaction conditions: 1a (0.5 mmol) and 2a in 1 mL of CH3CN under
air, 80 °C, 24 h, isolated yield. bUnder nitrogen. c 100 °C. d In the dark,
100 °C, 48 h.

Table 2 Substrate scope of various quinolinesa

a Reactions were carried out in the dark with quinolines (0.5 mmol),
benzylamine (0.6 mmol), NBS (0.1 mmol) and TBHP (1.0 mmol) in
MeCN (1 mL) at 100 °C for 48 h; yield as indicated.

Communication Organic & Biomolecular Chemistry

6558 | Org. Biomol. Chem., 2014, 12, 6557–6560 This journal is © The Royal Society of Chemistry 2014

Pu
bl

is
he

d 
on

 0
8 

Ju
ly

 2
01

4.
 D

ow
nl

oa
de

d 
by

 U
ni

ve
rs

ity
 o

f 
U

ta
h 

on
 1

4/
10

/2
01

4 
08

:5
2:

16
. 

View Article Online

http://dx.doi.org/10.1039/c4ob01025f


X-ray crystallographic analysis (Fig. 1).15 The X-ray crystallo-
graphy and 1H NMR spectrum firmly established the absolute
(E)-configuration of the product of olefination.

The present olefination was successfully extended to
include various amines (Table 3). Benzylamines bearing elec-
tron-donating (Table 3, 3o, 3p, 3s, 3t and 3v) or electron-with-
drawing (Table 3, 3q, 3r and 3u) groups reacted with
2-methylquinoline smoothly, giving the corresponding pro-
ducts in 50–95% yield. It was found that heterocyclic methan-
amines, such as 2-thiophen-methanamine and 2-furan-
methanamine, could be transformed into their corresponding
olefination products in good yield (Table 3, 3w, 3x). The de-
amination of aliphatic amine also proceeded to give the
product 3y, albeit in low yield.

To obtain an insight into the mechanism of the olefination
a number of control experiments were carried out. When
benzylamine 2a alone was subjected to the standard con-
ditions, benzaldehyde and N-benzylbenzamide were obtained
in 10% and 25% yield, respectively. The self-condensation
product, benzylimine was not detected under oxidative con-
ditions (Scheme 2, Reaction 1). 2-Methylquinoline 1a was then
treated with benzaldehyde under standard conditions, provid-
ing 3a in 60% yield (Scheme 2, Reaction 2). The results indi-
cate that benzaldehyde may be involved as a key intermediate
in the olefination.

On the basis of earlier studies6b,13b,16 and the above results,
we propose the reaction mechanism shown in Scheme 3 as
plausible, taking for simplicity 2-methylquinoline and benzyl-
amine as substrates. Firstly, oxidation of the bromine source
with TBHP produces a highly active electrophilic bromine
species (Br2, [BrO]

−, [BrO2]
−), which then adds to benzylamine

to give N-bromoamine A, followed by an elimination to gene-
rate imine B. Two alternative pathways for imine B are pro-
posed to provide the target compound. In pathway (a), imine
B, which bears an electrophilic carbon atom, is attacked
directly by 2-methylquinoline and loses a molecule of
ammonia to generate product 3a. In the alternative pathway
(b), the imine B is partly hydrolyzed to benzaldehyde C in the
presence of water, which further reacts with 2-methylquinoline
via aldol-type condensation to give the olefination product 3a.

Conclusions

We have developed a non-aggressive metal-free olefination
reaction between primary amines and benzylic C–H bonds.
Through direct deamination and benzylic C–H bond acti-

Scheme 3 Possible mechanism for the olefination reaction.

Table 3 Substrate scope of various aminesa

a Reactions were carried out in the dark with 2-methylquinoline
(0.5 mmol), amines (0.6 mmol), NBS (0.1 mmol) and TBHP (1.0 mmol)
in MeCN (1 mL) at 100 °C for 48 h; yield as indicated.

Fig. 1 The crystal structure of compound 3a.

Scheme 2 Control experiments to study reaction mechanism.
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vation, this oxidative olefination provides biologically active
2-styrylquinolines with (E)-configuration. Further work on the
synthetic application of the catalysts is in hand.
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