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An unprecedented olefination reaction of secondary amines
with carbon nucleophiles has been developed through C-N/
C-H functionalization under metal-free oxidative conditions.
In the presence of a stoichiometric amount of 2,3-dichloro-
5,6-dicyano-1,4-benzoquinone (DDQ), a range of secondary
N-alkylanilines smoothly underwent oxidative olefination

with 2-alkylazaarenes, acetophenone, and malononitrile to
give structurally diverse polysubstituted alkenes in moderate
to excellent yields with excellent (E) selectivity. Preliminary
mechanistic studies revealed that the oxidative olefination
reaction proceeds through amine oxidation followed by im-
ine olefination.

Introduction

The olefination of carbon electrophiles with carbon nu-
cleophiles constitutes one of the most important strategies
for the synthesis of alkenes, which are present in many func-
tional molecules. Alkenes also serve as a foundation for a
broad range of chemical transformations such as oxidation,
reduction, and addition.[!] Carbonyl compounds frequently
serve as the carbon electrophiles, and their olefination with
carbon nucleophiles has enjoyed widespread prominence
and recognition owing to their simplicity, positional selec-
tivity, and stereoselectivity.’! In sharp contrast, much less
attention has been paid to the corresponding olefination
of imines with carbon nucleophiles. Nevertheless, sporadic
studies have demonstrated that imine olefination affords
better efficiency and/or stereoselectivity in certain cases for
alkene synthesis than carbonyl olefination.[?&3-3]

Certain 2-alkylazaarenes are known to undergo C-H ole-
fination with N-aryl imines under strong basic condi-
tions.a~4¢l By contrast, the corresponding olefination with
N-sulfonyl imines, which are more electrophilic than N-aryl
imines, has recently been reported to proceed in the pres-
ence of a metal Lewis acid and/or at high temperature.[*¢]
In this context, we envisioned that N-aryl imines could be
activated enough by certain acid catalysts to undergo ole-
fination with 2-alkylazaarenes under relatively mild condi-
tions.[®! Moreover, the proposed olefination reaction could
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be further facilitated by the in situ generation of the N-aryl
imines. Although the condensation of aldehydes with pri-
mary amines is frequently used to prepare imines in situ,
the oxidation of secondary amines constitutes a powerful
alterative method that extends the scope of chemical reac-
tions involving the intermediacy of imines.”) Thus, we
planned to develop an oxidative olefination reaction of sec-
ondary amines with 2-alkylazaarenes, wherein the oxidant
should be compatible with the acid catalyst and the alkene
product should avoid being consumed by possible side reac-
tions such as oxidation and addition. In the course of ex-
ploring new methods for alkene synthesis,[*4 328! we devel-
oped an unprecedented (E)-selective olefination reaction of
secondary amines with 2-alkylazaarenes through C-N/C-—
H functionalization under metal-free oxidative conditions
(Scheme 1). Moreover, the substrate scope was extended to
acetophenone and malononitrile. Mechanistically, the reac-
tion proceeds through amine oxidation followed by imine
olefination, and the byproduct generated in the step of
amine oxidation catalyzes the step of imine olefination.[®-1%
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Scheme 1. Oxidative olefination of secondary amines with carbon
nucleophiles.

Results and Discussion

Several commercially available oxidants were examined
in the reaction of secondary amine 1a with 2-methylquinol-
ine (2a) in DMF at 70 °C (Table 1, entries 1-7). Most of the
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oxidants failed to promote the desired oxidative olefination
reaction; however, the use of 2,3-dichloro-5,6-dicyano-1,4-
benzoquinone (DDQ) led to the formation of alkene 3a in
99% yield with >99:1 (E)/(Z) selectivity (Table 1, entry 1).
The reaction with DDQ also proceeded at room tempera-
ture but gave a much lower yield (Table 1, entry §). The
yield was dramatically affected by the solvent, and much
lower yields were obtained when the reaction was per-
formed in a number of other common organic solvents
(Table 1, entries 9—17). It is noteworthy that hardly any de-
sired product was detected when the phenyl group on the
nitrogen atom of secondary amine la was replaced with a
hydrogen atom, a methyl group, a benzyl group, an acetyl
group, or a p-tolylsulfonyl (Ts) group (Table 1, entries 18—
22).

Table 1. Optimization of the reaction conditions.[®"]

/(D oxidant m
X

a—af
Entry 1,R Oxidant ~ Solvent  T'[°C]  Yield [%]
1 1a, Ph DDQ DMF 70 99
2 1a, Ph BQ DMF 70 0
3 1a, Ph TBHPY  DMF 70 0
4 1a, Ph DTBP DMF 70 0
5 1a, Ph PIDA DMF 70 trace
6 1a, Ph H,0, DMF 70 0
7 1a, Ph K,S,04 DMF 70 10
8 1a, Ph DDQ DMF 25 60
9 1a, Ph DDQ DMSO 70 78
10 1a, Ph DDQ EtOH 70 35
11 1a, Ph DDQ MeCN 70 25
12 1a, Ph DDQ dioxane 70 58
13 1a, Ph DDQ THF 70 27
14 1a, Ph DDQ EtOAc 70 trace
15 1a, Ph DDQ CHCl, 70 trace
16 1a, Ph DDQ DCE 70 trace
17 1a, Ph DDQ toluene 70 8
18 lab, H DDQ DMF 70 0
19 lac, Me DDQ DMF 70 0
20 lad, CH,Ph  DDQ DMF 70 0
21 lae, COMe DDQ DMF 70 0
22 1af, Ts DDQ DMF 70 0

[a] Reaction conditions: compound la-af (0.30 mmol), 2-methyl-
quinoline (2a, 0.25 mmol), oxidant (0.30 mmol), solvent (0.50 mL),
25 0r 70 °C, 12 h. [b] In all cases alkene 3a was obtained with >99:1
(E)I(Z) selectivity. [c] Isolated yield. [d] 70% Aqueous solution. Ts
= p-tolylsulfonyl, DDQ = 2,3-dichloro-5,6-dicyano-1,4-benzoquin-
one, BQ = 1,4-benzoquinone, TBHP = ters-butyl hydroperoxide,
DTBP = di-tert-butyl peroxide, PIDA = iodobenzene diacetate,
DMF = N,N-dimethylformamide, DMSO = dimethyl sulfoxide,
THF = tetrahydrofuran, DCE = 1,2-dichloroethane.

In the presence of a stoichiometric amount of DDQ, a
range of N-benzylic anilines smoothly underwent oxidative
olefination with 2-methylquinoline (2a) to give various 2-
alkenylquinolines in good to excellent yields with excellent
(E) selectivity (Table 2, entries 1-10). Both electron-with-
drawing and electron-donating groups were successfully in-
troduced into the aromatic rings of the alkene products by
employing secondary amines having such groups, and no-
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tably, the reaction tolerated functional groups such as alk-
oxy, chloro, and nitrile. When the oxidative olefination reac-
tion was extended to N-allylic aniline 1k or ethyl 2-(4-meth-
oxyphenylamino)acetate (11), a complex mixture was ob-
tained, and the desired alkene product was isolated in a
moderate yield with >99:1 (E)/(Z) selectivity (Table 2, en-
tries 11 and 12).1'1

Table 2. Oxidative olefination of secondary amines with 2-methyl-

quinoline (2a).[!
/(\/Ej R1/\/(\/©
3a-l

Entry 1 R! Product  Yield [%]™ (E)/(2)]

NHP“ DDQ, DMF

70°C,24h

1 1a ! R=H 3a 99 >99:1
2 1b 7 R=4O0Me 3b 88 >99:1
3 Ic \\R R=4-Cl 3¢ 99 >99:1
4 1d R=4-CN 3d 61 >99:1
5 le R =3-OMe 3e 99 >99:1
6 1f R=3-Cl 3f 99 >99:1
7 1g R =2-OMe 3g 99 >99:1
8 1h R=2-Cl 3h 80 >99:1
9 1i {/ \5 3i 99 97:3
10 1j JN\ 3j 72 >99:1
-
114 1k Ph X" 3k 52 >99:1
12 11 EtO,C- - 31 36 >99:1

[a] Reaction conditions: secondary amine 1 (0.30 mmol), 2-methyl-
quinoline (2a, 0.25 mmol), DDQ (0.30 mmol), DMF (0.50 mL),
70 °C, 24 h. [b] Isolated yield. [c] Determined by 'H NMR spec-
troscopy. [d] The reaction was performed at 25 °C. [e] Substrate 11
was ethyl 2-(4-methoxyphenylamino)acetate.

Under the standard reaction conditions, a range of sub-
stituted 2-methylquinolines were found to serve as suitable
substrates in the oxidative olefination reaction with second-
ary amine la, and the corresponding functionalized 2-alk-
enylquinolines were obtained in good to excellent yields
with excellent (E) selectivity (Table 3, entries 1-6). To our
delight, this chemistry was successfully extended to a wide
variety of 2-methylazaarenes such as 4-methylquinoline
(2h), 1-methylisoquinoline (2i), 2-methylquinoxaline (2j), 2-
methylquinazoline (2k), and 2-methylbenzo[d]thiazole (2I),
and importantly, a range of structurally diverse B-azaaryl-
styrenes were obtained in moderate to good yields with
>99:1 (E)/(Z) selectivity (Table 3, entries 7-11).

The oxidative olefination reaction was further extended
to the synthesis of trisubstituted alkenes with very high
stereoselectivity. For example, the DDQ-promoted reaction
of secondary amine 1a with 2-ethylquinoline (2m) smoothly
proceeded under the standard reaction conditions to give
trisubstituted alkene 3x in 85% yield with >99:1 (E)/(Z)
selectivity (Scheme 2). In addition, the reaction worked well
with acetophenone (2n) and malononitrile (20) and gave the
corresponding electron-poor alkenes in good yields.

To gain insight into the reaction mechanism, we carried
out electrospray ionization (ESI) mass spectrometric analy-
sis of the reaction mixture of secondary amine la with 2-
3649
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Table 3. Oxidative olefination of secondary amine 1a with 2-meth-
ylazaarenes.[®!

Table 4. High-resolution mass data.

N,Ph x HN'Ph
NHPh DDQ, DMF j
— ! Ar “
Ph + Me—Al m Ph/\/ Ph N Ph
1a 2b-1 ’ 3m-w 4a Sa
Entry 2 Ar Product  Yield [%]® (E)/(Z)l)  Entry Species Formula Mass (calcd.) Mass (found)
1 2b / R=60Me 3m 63 >99:1 1 [da+ H*  C,H, N*  182.09643  182.09583
2 2 7 S\ R=6Cl 3n 94 99:1 2 [5a + HI*  CoHyNo*  325.16993  325.16910
3 2d 7\ R=7-Cl 30 97 >99:1
4 2e |-/ R=8-OMe 3p 99 >99:1
2 ;f b ﬁ:gg lMe g‘rl zg iggi mote the olefination of imine 4a with 2-methylquinoline
5 ’ 4 ' (2a) led to the formation of alkene 3a in 99% yield with
7 zh i 3s 79 >99:1 >99:1 (E)/(Z) selectivity, and reducing the catalyst loading
m to 5Smol-% afforded a lower but still good yield with ex-
tremely high selectivity (Table 5, entries 2 and 3).
8 2i X 3t 70 >99:1 v g (E) ¥ ( )
i :’ N Table 5. Olefination of imine 4a with 2-methylquinoline (2a).[]
9 2j N 3u 80 >99:1 _Ph
PN ) ® ooar ®
N ot Me” N7 Ph X" N7
e DMF, 70 °C, 24 h
10 2k \L\j 3v 64 >99:1 4a 2a 3a
N™ Entry DDQH, [mol-%] Yield [%] EY(2)
11 21 @[S 3w 56 >99:1 1 0
ek . _
N 2 120 99 >99:1
[a] Reaction conditions: secondary amine 1a (0.30 mmol), 2-meth- 3 5 84 >99:1

ylazaarene 2b-1 (0.25 mmol), DDQ (0.30 mmol), DMF (0.50 mL),
70 °C, 24 h. [b] Isolated yield. [c] Determined by 'H NMR spec-

troscopy.
e D
Me = |
N 2m Ph@

85 %, >99:1 (E)/(2) Me 3x
(0]

o}
)NHPh DDQ, DMF Me)J\ph 2n /\)J\ 3
Ph" X" "pPh %

Ph 70°C,24h | 88%,>99:1 (E)(2)
1a

NC" > CN 20 Ph/\(CN
75 % CN

3z

Scheme 2. Oxidative olefination of secondary amine 1a with carbon
nucleophiles 2m-o.

methylquinoline (2a) in the presence of DDQ in DMFE. As
shown by the results summarized in Table 4, we tentatively
assigned two intermediates, imine 4a and amine 5a, accord-
ing to the high-resolution mass data. Whereas imine 4a was
generated in a significant amount, as judged by thin-layer
chromatography (TLC) analysis, amine 5a could not be de-
tected by this method.

In the above oxidative olefination reaction, DDQ was
reduced by the secondary amine to yield 4,5-dichloro-3,6-
dihydroxyphthalonitrile (DDQH,) as an acidic byproduct.
As demonstrated by the results summarized in Table 5
DDQH, proved essential for the olefination of carbon nu-
cleophiles with N-arylimines, which were generated as inter-
mediates from secondary amines during the oxidative ole-
fination reaction. The use of 1.2 equiv. of DDQH, to pro-
3650
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[a] Reaction conditions: imine 4a (0.30 mmol), 2-methylquinoline
(2a, 0.25 mmol), DDQH, (0-120 mol-%), DMF (0.50 mL), 70 °C,
24 h. [b] Isolated yield. [c] Determined by 'H NMR spectroscopy.
DDQH, = 4,5-dichloro-3,6-dihydroxyphthalonitrile.

On the basis of the above experimental results, we pro-
pose the following reaction pathway for the oxidative ole-
fination of secondary amines with carbon nucleophiles
(Scheme 3). Initially, secondary amine 1 is oxidized by
DDQ to give imine 4 as an intermediate and DDQHj; as an
acidic byproduct. Then, imine 4 and carbon nucleophile 2
are activated by DDQH, through hydrogen-bonding inter-
actions and through isomerization to form a reactive spe-
cies (an enamine, an enol, or a ketenimine), and they un-
dergo Mannich-type reaction to give amine 5. Finally, elimi-
nation of aniline from amine 5 leads to the formation of
alkene 3. In the elimination step, secondary amine 1 and
the aniline byproduct serve as bases to remove the -H of
amine 5, and the leaving ability of the phenylamino group
is enhanced by DDQH, through hydrogen-bonding interac-
tions. For the synthesis of a 1,2-disubstituted alkene (R> =
H), the stereoselectivity is determined by the elimination

PN 2/\ 3
N -Ph RZTR NHPh -
RZ o 2
s
5 R /ppaH
2
cl CN Cl CN
cl CN Cl CN R2
;
o) OH R /\/3
DDQ DDQH, 3 R

Scheme 3. Proposed reaction pathway.
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step, which prefers to give (E) selectivity. By contrast, the
stereoselectivity for the synthesis of a trisubstituted alkene
originates from the diastereoselective addition of substi-
tuted methane 2 to imine 4.

Conclusions

We have developed, for the first time, a highly (E)-selec-
tive olefination reaction of secondary amines with carbon
nucleophiles through C-N/C-H functionalization under
metal-free oxidative conditions. In the presence of a stoi-
chiometric amount of DDQ, a range of secondary N-alkyl-
anilines smoothly underwent oxidative olefination with 2-
alkylquinolines, 4-methylquinoline, 1-methylisoquinoline, 2-
methylquinoxaline, 2-methylquinazoline, 2-methylbenzo[d]-
thiazole, acetophenone, and malononitrile to give structur-
ally diverse polysubstituted alkenes in moderate to excellent
yields with excellent (E) selectivity. Preliminary mechanistic
studies revealed that the oxidative olefination reaction pro-
ceeds through amine oxidation followed by imine ole-
fination.

Experimental Section

General Procedure for the Oxidative Olefination of Secondary
Amines with Carbon Nucleophiles: To a solution of secondary
amine 1 (0.30 mmol) in DMF (0.50 mL) under an atmosphere of
nitrogen at room temperature was added DDQ (68.1 mg,
0.30 mmol). The mixture was stirred for 5 min and carbon nucleo-
phile 2 (0.25 mmol) was added. The mixture was heated at 70 °C
for 24 h, cooled to room temperature, and purified by silica gel
chromatography (ethyl acetate/petroleum ether, 1:25-1:3) to give
alkene 3.

Supporting Information (see footnote on the first page of this arti-
cle): Experimental procedures, characterization data, and copies of
the "H NMR and '3C NMR spectra.
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