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Abstract. A new copper-catalyzed protocol for the intermolecular anti-Markovnikov addition of arylamines or heterocycle’, |
to terminal and unsymmetrical 1,2-disubstituted vinylarenes has been developed. The direct hydroamination is catalyzed by %
readily available N-heterocyclic carbene-based copper complex and KOt-Bu, and the use of MeOH as an additive enhancas
the reactivity. The method provides a broad range of new and versatile amine compounds bearing various functional groups |
in good to excellent yields. |
[
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Introduction

Hydroamination of a carbon-carbon double bond
or triple bond is one of the most atom efficient and
simple routes for synthesizing various amines.!! Due
to the significance of nitrogen-containing compounds
in organic synthesis and medicinal chemistry, a
number of efficient and selective catalytic systems for
the hydroamination of unsaturated compounds with
nucleophilic  amines such as  alkylamines,
(hetero)arylamines,  amides, carbamates, and
sulfonamides have been intensively studied. In
particular, early- and late-transition metal catalysts
have played an important role in promoting these
transformations and controlling the chemo-, regio- and
stereoselectivities.?

Among the  numerous  metal-catalyzed
hydroamination reactions, the copper-catalyzed direct
addition of amines to alkenes is an attractive and
practical method for the synthesis of aliphatic amines
as it uses a relatively inexpensive, environmentally
benign and easy-to-handle copper catalyst and easily
accessible alkene substrates. In the past decade, a
variety of copper catalysts have been utilized for
intramolecular and intermolecular hydroamination
reactions of alkenes,BM4 alkynes,®™ and allenes.[!
Compared to the catalytic processes related to
intramolecular hydroaminations, the corresponding
intermolecular reactions have been less studied since
controlling the regioselectivity (Markovnikov vs. anti-
Markovnikov selectivity) is challenging. To date, only
a few examples of Cu-catalyzed direct intermolecular
hydroaminations of unsymmetrical alkenes have been

reported,® and general approaches for accessing anti-
Markovnikov amine products remain rare. The
regioselectivity of Cu-catalyzed hydroaminations i<
known to be influenced by the catalytic system. For
example, Hii and coworkers explored the firs’
intermolecular hydroamination of vinylarenes with
arylsulfonamides promoted by copper(ll) triflate and =
phosphine ligand. The reaction was thought to be
catalyzed by an acidic proton generated from the
copper triflate system, resulting in Markovnikov
selectivity (Scheme 1a).["! On the other hand, Gunnoe
and coworkers described the anti-Markovnikov
addition of aniline to styrene derivatives by using a
well-defined copper-amido catalyst® complexed with
an N-heterocyclic carbene (NHC) ligand.Fa Although
these two reported reactions are efficient and highly
regioselective, the methods still suffer from some
limitations: the NHC-Cu catalyst requires a multistep
synthesis, the substrate scope is limited to only
terminal styrenes, and the amine sources are limited to
compounds such as tosyl or nosyl amides, aniline and
benzylamines. Therefore, the development of a new
copper-catalyzed system with a broader substrate
scope and improved operational simplicity is of
practical and synthetic interest.

As an alternative approach regarding the Cu-
catalyzed amination reaction with unsymmetrical
alkenes, Miura, Buchwald and coworkers®
independently pioneered copper-hydride-catalyzed
formal hydroaminations using O-
benzoylhydroxylamines as electrophilic amine sources
and hydrosilanes as copper hydride sources (Scheme
1b).% This methodology allows the synthesis of
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Markovnikov amine products from vinylarenes with
high regio- and enantioselectivity.[*!!

In our previous studies, we demonstrated an aza-
Michael addition of (hetero)aryl amines to a,p-
unsaturated carbonyls catalyzed by a copper complex
generated in situ from the reaction of a phosphine or an
imidazolinium salt with CuCl and KOt-Bu under mild
conditions.™? As a continuation of our studies on the
synthesis of amine compounds from alkenes using a
copper catalyst, we report herein an efficient and mild
Cu-catalyzed  intermolecular  anti-Markovnikov
hydroamination of vinylarenes with arylamines or
heterocycles (Scheme 1c). A readily prepared NHC-
CuCl species in the presence of KOt-Bu and MeOH
promoted the addition of the amine to various mono-
and 1,2-disubstituted vinylarenes, providing various
novel arylamine and azole products in good to
excellent yields.

Markovnikov hydroamination of vinylarenes
NHTs

= cat. Cu(OTf),/binap
+ TsNH, ——m———— (a)

R
R
O,N X
%» NHC-Cu- NR1R2 ﬁ—T

cal NHC-CuCI/KOt-Bu
MeOH

R’
Q/\/ + BzO-NR', cat. Cu salt/chiral ligand
H-SIR"3
R
2 1 2 —
R', R*=aryl or
NHC-CuOR

This work: anti-Markovnikov hydroamination of vinylarenes
NR'R?
heterocycles
+R'R?N-H HOR

Scheme 1. Cu-catalyzed regioselective hydroamination
reactions

Results and Discussion

We commenced our studies with 4-nitrostyrene

(1a) and 4-methoxyaniline (2a) as the model substrates,

as shown in Table 1. Guided by our previous studies
on aza-Michael reactions,!*? we initially attempted the
addition of amine 2a to 1a in the presence of IPrCuCl
and KOt-Bu in toluene at ambient temperature.
However, the reaction did not proceed (<2% of 3aa).
When the reaction temperature was increased to 80 °C,
desired aminated product 3aa was obtained in 30%
yield with >98% anti-Markovnikov selectivity (entry
1). The result shown in entry 2 indicated that the use of
MeOH as an additive promoted the amination and
improved the yield of 3aa (63%). It is noteworthy that
previous work on Cu-catalyzed intramolecular
hydroamination of aminoalkenes by Sawamura and
coworkers has shown that MeOH as a protic solvent
plays an significant role in enhancing yield due to the
rapid protonation of the copper-carbon bond generated
in situ.* To optimize the catalytic system, various
imidazolium salts L1-L4 as NHC precursors were
examined, but reaction conditions using a preformed

10.1002/adsc.201801582

IPrCuCl species were more efficient (entries 3-6).
Under these reaction conditions using imidazolium
salts L1-L4, it was found that 11-49% of nitrostyrene
la was decomposed presumably owing to
polymerization. As the concentration of the reaction
solution increased, the amination proceeded more
effectively (entries 7-8). Complete conversion was
observed within 7 hours in the presence of 5 mol %
IPrCuCl and the reaction generated only anti-
Markovnikov product 3aa (>98% vyield, entry 8).
When the amination was performed under non-inert
conditions, the efficiency was significantly reduced,
affording the desired amine 3aa in 41% vyield along
with decomposition of 37% of nitrostyrene 1a (entry
9). As illustrated in entries 10-12 of Table 1, the NHC
ligand, CuCl, and KOt-Bu were all essential for
promoting the addition of the amine to nitrostyrene 1a.
Based on these results, we assumed that the NHC-
copper amido complex A in Scheme 1,123 the key
catalytic species, might be generated from the reaction
of the in situ-formed NHC-CuOt-Bu species with
aniline. The copper-amido species A was selectively
inserted into nitrostyrene 1a to form a C-N bond at the
terminal carbon of the double bond, creating a C-Cu
bond on the internal carbon. Then, the alkylcopper
intermediate reacted with aniline to regenerate the Cu-
amido species with concomitant release of the
aminated product. As suggested by Sawamura and
coworkers, at this stage, the importance of methanol
can be explained by the assumption that MeOH reacts
more efficiently with the alkylcopper intermediate than
with the aniline substrate, facilitating the regeneration
of the catalytic species.

Table 1. Optimization of hydroamination of 4-

methoxyaniline (2a) to 4-nitrostyrenel®

reawe

Cu cat. (x mol %)
KOt-Bu (: y mol %)

H
o
toluene, 80 °C, 7-14h  O,N OMe
3aa

entry Cu cataolyst KOt—DBu MeO_H conc. time ((:)on[\b/] Y)iel[(bj]
(mol %) (mol %)  (equiv) (M) (h) (%) (%)

1 IPrCuCl (10) 10 0 0.2 14 30 30
2 IPrCuCl (10) 10 1 0.2 14 68 63
3 L1+ CuCl (10) 20 1 0.2 14 64 53
4 L2 + CuCl (10) 20 1 0.2 14 85 36
5 L3 + CuCl (10) 20 1 0.2 14 58 32
6 L4 + CuCl (10) 20 1 0.2 14 68 43
7 IPrCucl (5) 5 1 0.6 7 81 80
8 IPrCuCl (5) 5 1 1.0 7 >98 >08
9l IPrCuCl (5) 5 1 1.0 7 78 41
10 IPrCuCl (5) 0 0 1.0 7 <2 <2
11 CuCl (5) 5 0 1.0 7 <2 <2
12 no 5 0 1.0 7 58 <2

[{IReaction conditions: nitrostyrene 1a (0.2 mmol), aniline
2a (0.24 mmol), toluene (0.2-1.0 M) under N. 10 mol % of
L1-L4 was used. PIDetermined by *H NMR analysis using
1,3,5-trimethoxybenzene as an internal standard. [The
reaction was carried out under open air conditions.
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With the optimal conditions in hand, we explored
the generality of the amination. A range of arylamines
and heterocycles were efficiently and selectively added
to nitrostyrene la with a catalyst loading of 5 mol %
and 1 equiv MeOH, as depicted in Table 2. The Cu-
catalyzed hydroamination reactions with aniline
derivatives bearing methoxy, methyl, or halogen
groups at the para, meta, and ortho positions
proceeded well, affording corresponding amine
products 3aa-3aj in good to excellent yields (up to
>98%). Notably, sterically demanding anilines 2h-2j
with substituents at the ortho position required a longer
reaction time (7 h vs. 12 h). Substrates with
heterocyclic substituents including imidazole 2k,
methyl imidazoles 2I-2m, benzimidazoles 2n-2o,
pyrazole 2p, and triazole 2qg, which have served as
valuable building blocks for biologically active
molecules, were also successfully transformed to the
desired amines (3ak-3aq) in 88 to >98% yields.
Notably, 4-methyl-1H-imidazole (2m) was selectively
added to nitrostyrene la, affording only 4-
methylimidazole product 3am (vs. 5-methylimidazole)
presumably due to steric hindrance.[** However, these
catalytic reaction conditions were not effective in the
hydroamination with halogen-substituted styrenes.
When the catalytic reaction was carried out with p-
chlorostyrene or p-bromostyrene using 2a, the reaction
did not proceed (2% conv).

Table 2. Cu-catalyzed hydroamlnatlon of 4-nitrostyrene
with various anilines and azoles[®-[!

; IPrCuCl (5 mol %) R’
N

KOt-Bu (5 mol %) /@/\/ “r2
toluene, 80 °C, 7-12h  O2N

MeOH (1.0 equiv)
1 2 3

H H H
O,N OMe O,N F O,N Cl

3aa, >98% 3ab, 94% 3ac, 95%

H H H
O,N Br O,N o,N

3ad, 82% 3ae, 86% 3af, 98%

H H H
IOAACENCANOINCAN S
O,N ON HaC ON F

3ag, 73%

3ah, >98%

n o T
LSOO ot o

3aj, 91%

3ai, 92%

3ak, 93% 3al, 90%

NoandiNoans Neaas

3am, 92% 3an, 95% 3ao, 88%

3ap, >98% 3aq, 90%

10.1002/adsc.201801582

[{Reaction conditions: nitrostyrene 1a (0.40 mmol), amine 2
(0.48 mmol), MeOH (0.40 mmol), IPrCuCl (5 mol %),
KOt-Bu (5 mol %), toluene (1.0 M) under N,. PlYields of
the isolated products. The reaction time was 7 h for 3aa-3ag
and 12 h for 3ah-3agq.

Next, we investigated the addition of amines to
challenging unsymmetrical 1,2-disubstituted alkenes,
which are rarely studied as substrates for Cu-catalyzed
intermolecular hydroaminations, as illustrated in Table
3. To our delight, when p-nitro-(E)-S-ethyl styrene (4a)
was treated with 4-methoxyaniline under the
established reaction conditions, only desired
regioisomer 5aa was produced, albeit less efficiently
(81% vyield of 5aa vs. >98% yield of 3aa) and more
slowly (12 h vs. 7 h) compared with the addition to
nitrostyrene la. Various anilines with fluoro, chloro,
and bromo substituents at the para or meta positions o
the phenyl group were employed in this catalytic
reaction, and desired amines 5ab-5af were obtained in
62-88% yields. In addition, the Cu-catalyzed reactions
of a variety of heterocycles including imidazoles,
pyrazole, and triazole with g-ethyl styrene 4a provided
corresponding amines 5ak-5aq in moderate to good
yields (60-92%). However, the reaction with a
sterically demanding ortho-nitrostyrene (4b) was not
effective using these catalytic reaction conditions,
affording amine product 5ba in only 23% yield.

Table 3. Cu- catalyzed hydroamination of 4a with anilines
and azoles &[]

R1
IPrCuCl (5-7 mol %) )

KOt-Bu (5-7 mol %) N.g2
— s
MeOH (1.0 equiv) ON
o 2!
4a 2 toluene, 80 °C, 12 h 5

5aa, 81% (5 mol %) 5ab, 85% (7 mol %) 5ac, 88% (7 mol %)

Weagshisaqegiicages

Sar, 75% (7 mol %) 5af, 85% (7 mol %)

) by -

Sak, 72% (5 mol %) 5al, 82% (5 mol %)

5as, 62% (7 mol %)

5am, 92% (5 mol %)

/
O,N o,N

5an, 70% (7 mol %) 5ap, 81% (5 mol %)

N=N,
NO
o sa4e
O2N OMe

5aq 60% (7 mol %) 5ba, 23% (7 mol %)

l{Reaction conditions: p-ethyl styrene 4a (0.40 mmol),
amine 2 (0.48 mmol), MeOH (0.40 mmol), IPrCuCl (5-7
mol %), KOt-Bu (5-7 mol %), toluene (1.0 M) under Na.
Blyields of the isolated products.
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Encouraged by the successful Cu-catalyzed
regioselective hydroamination of unsymmetrical
alkene 4 with anilines and heterocycles, we extended
the substrate scope to a variety of S-substituted styrene
derivatives 6, as shown in Table 4. All transformations
were highly regioselective in that 4-methylimidazole
(2m) was added at the g-position of vinylarenes 6,
providing only the anti-Markovnikov  4-
methylimidazole products (7am-7km). Alkenes 6a-6d,
with p-nitrophenyl and various alkyl substituents such
as propyl, pentyl, isopropyl, and phenethyl groups,
were successfully converted to corresponding amine
products 7am-7dm in 71%-83% yields. This copper-
catalyzed reaction is tolerant of functional groups such
as a chloro, benzyl ether, and alkene substituents on the
substrates, affording new and versatile functionalized
amine products 7em-7im in 70-87% yields. When p-
nitro-(E)-S-ethyl styrenes 6j-6k bearing a chloro or a
fluoro group at the ortho position of the phenyl moiety
were subjected to the catalytic reaction conditions,
aminations with 2m also proceeded well and gave
desired amines 7jm-7km, which could be utilized for
further organic transformations, in good yields (82-
85%).

Table 4. Cu-catalyzed hydroamination of various pS-
substituted styrenes with 2ml-[!

xR
+ =
o N/Q/\/ NN

2 X
6 2m

—N —N —N
o soles
O,N OQNm O,N

7am, 75%[°

=N =N _N
NQ\ Nrf‘ Nrf‘
OZNmPh Oszan OQNmOBn

7dm, 83%

IPr-CuCl (7 mol %) =N
KOt-Bu (7 mol %) NI/J/L
_uvme w)
MeOH (1.0 equiv) m
toluene, 80 °C, 12h  O,N X 7

7bm, 82% 7em, 71%

7em, 78% 7fm, 72%

=N _—N
0N c O,N 7

7gm, 70%

=N —N —N
[sacoiliisacicact
OzN o O,N ¢]] O,N F

7im, 85%

7hm, 87%

7jm, 85% 7km, 82%

l[Reaction  conditions: styrene 6 (0.40 mmol),
methylimidazole 2m (0.48 mmol), MeOH (0.40 mmol),
IPrCuCl (7 mol %), KOt-Bu (7 mol %), toluene (1.0 M)
under Na. PlYields of the isolated products. 5 mol % of
IPrCuCl was used.

The utility of the amine products obtained from
our newly developed hydroamination  was
demonstrated in the synthesis of indoline 9, as shown
in Scheme 2.1 The Cu-catalyzed hydroamination of
S-substituted styrene 6j (with 2-chloro and 4-nitro
substituents on the phenyl group) with p-anisidine (2a)
produced amine 8 in 78% yield, which underwent a Pd-
catalyzed cyclization to afford indoline 9 in 81% yield.

10.1002/adsc.201801582

NH, IPr-CuCl (7 mol %) R
KOt-Bu (7 mol %) m \©\
v 7
MeOH (1.0 equiv) O,N cl OMe

toluene
80°C,12h 8,78%

A
/©f\/+\ /©/
ON Cl MeO

6j 2a

Pd,dbag (5 mol %)

e of
MesN\&NMes

(10 mol %)

NaOt-Bu
1,4-dioxane, 110 °C, 12 h

Scheme 2. Synthesis of indoline 9

Conclusion

We have developed an efficient and anti-
Markovnikov-selective copper-catalyzed intermole-
cular hydroamination of nitrostyrene derivatives with
various arylamines and heterocycles. A readilv
accessible NHC-based copper catalyst combined with
KOt-Bu plays a key role in promoting the addition of
relatively less nucleophilic arylamines or heterocycles
to monosubstituted and even unsymmetrical 1,2-
disubstituted vinylarenes with high anti-Markovnikov
selectivity (>99:1). The catalytic process enables the
synthesis of new and synthetically versatile amine
compounds, including aniline, imidazole, pyrazole,
and triazole derivatives, in good to excellent yields.
The use of inexpensive and easy-to-handle copper
catalysts, the good functional group tolerance, the high
efficiency, the excellent regioselectivity, the broad
substrate scope and the operational simplicity make the
developed methodology attractive and practical.
Further studies of the catalytic addition of amines te
other types of alkenes are ongoing in our laboratory.

Experimental Section

General: Infrared (IR) spectra were recorded on a ABB
MB3000 FT-IR spectrophotometer, vmax in cm™. Bands are
characterized as strong (s), medium (m), and weak (w). 'H
NMR spectra were recorded a JEOL JNM-AL400 (400
MHz) spectrometer. Chemical shifts are reported in ppm
from tetramethylsilane, with the solvent resonance as the
internal standard (CDCls: 8 7.27 ppm). Data are reported as
follows: chemical shift, multiplicity (s = singlet, d = doublet,
t = triplet, @ = quartet, quint = quintet, m = multiplet),
coupling constants (Hz), and integration. 3C NMR spectra
were recorded on a JEOL JNM-AL400 (100 MHz

spectrometer with complete proton decoupling. Chemical

shifts are reported in ﬁpm from tetramethylsilane with the
solvent resonance as the internal standard (CDCls: 6 77.00
ppm). High-resolution mass spectra (HRMS) were
performed at the Korea Basic Science Institute for technical
assistance using an electrospray ionization (ESI) time-of-
flight mass spectrometer. Unless otherwise noted, all
reactions were carried out with distilled solvents under an
atmosphere of dry N in oven-dried (130 °C) glassware.
Toluene and 1,4-dioxane were purified by distillation from
sodium benzophenone ketyl immediately prior to use unless
otherwise specified. Acetonitrile was purified by distillation
from CaH. immediately prior to use. Methyl alcohol was
purified by distillation from sodium immediately prior to use.
All work-up and purification procedures were carried out
with reagent grade solvents in air. An IPrCuCl complex was
synthesized ~ according to  reported  experimental
procedures.'8! A variety of vinylarenes were prepared
according to reported experimental procedures.[t]
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Representative experimental procedure for the synthesis
of NOg-substituted styrenes

(E)-1-(But-1-en-1- yg -4-nitrobenzene (4a).
Nitrobenzaldehyde (1.06 g, 6.42 mmol), butyraldehyde
(0.720 mL, 8.03 mmol), malononitrile (1. 6 g, 16.1 mmol)

and acetonitrile (40 mL) were added into a 100 mL round-
bottom flask, and then acetic acid (0.689 mL, 12.0 mmol)
was added. The reaction was allowed to stir for 10 min, and
then ammonium acetate (0.619 mg, 8.03 mmol) was added
to the mixture, which was allowed to stir at 80 °C for an
additional 5 h. After that time, the reaction solution was
allowed to cool to room temperature and filtered to remove
the precipitate. The filtrate was concentrated in vacuo and
partitioned between water (50 mL) and ethyl acetate (50 mL
x 3). The organic layers were combined, dried over MgSOs,
filtered and concentrated. The resultmﬂ residue was purified
using silica gel column chromatograE y (EtOAc:hexanes =
1; 10[)1 to afford the desired (E)-1- but 1-en-1- yl) -4-
nitrobenzene (4a, 600 mg, 3.39 mmol, 53/0 ield) as light-
yellow oil. This compound has been prevrous y reported and
spectra data match described. M1 *H NMR" (CDCl;, 400
MHz): 8 8.11 (d, J = 8.7 Hz, 2H), 742(d J =8.7 Hz, 2H),
650638|_( H) 227( uint, J = 7.5 Hz, 2H), 110(t J=
7.5 Hz, 3H): °C NMR (CDCls, 100 MHz): 5 146.2, 144.4,
137.8, 127.0, 126.2, 123.8, 26.1, 13.0.

Representative  experimental Iorocedure for Cu-

catalyzed hydroamination of vinylarenes

4-Methoxyaniline (59.1 mg, 0.480 mmol), IPrCuCl (9.63
mg, 0.0200 mmol) and K t-Bu (2.24 mg, 0.0200 mmol)
were added to a vial (4 mL) charged with a magnetic bar in
a glove box. The vial was sealed with a cap (phenolic open
top cap with gray PTFE/silicone) and removed from the
glove box. Then, the vial was purged with N2 gas for 5 min
and toluene (0.2 mL) was added. After premixing for 30 min,
a solution of (E)-1-(but-1-en-1- Iyl) -4-nitrobenzene (70.9 mg,
0.400 mmol) in toluene (0.2 mL) was added to the mixture,
which was allowed to stir at 80 C for 12 h. After that time,
the reaction solution was quenched by addin saturated
aqueous NH4CI (1 mL) and washed with EtOAc %3 mL x 3).
The organic layers were combined, dried over MgSQsy,
filtered, and concentrated in vacuo. The crude product was
purlfled using silica gel column chromatographe/
(EtOAc:hexanes = 1:3) to afford the desired product,
methoxy-N-(1-(4-nitrophenyl)butan-2-yl)aniline (5aa, 97.3
mg, 0.324 mmol, 81% Yyield), as a yellow solid.

4-Methoxy-N-(4-nitrophenethyl)aniline (3aa).
Compound 3aa was synthesized from 4-methoxyaniline 2a
59.1 mg, 0.480 mmog and 1-nitro-4-vinylbenzene (1a,

pL, 0.400 mmol) in 99% vyield (108 mg, 0.396 mmol) as a
yellow solid. The crude product was purrfred usm silica gel
column chromatography (EtOAc:hexanes = 1:3). This
compound has been prevrousl reported and spectra data
match described.*®1'H NMR DCI3 400 MHz): 6 8.17 d
J=8.5Hz,2H 738(d J=85Hz, 2H) 6.81(d,J=8.8
2H)661(d = 8.8 Hz, 2H)376(s 3H), 345(brs 1H
3.42 (t,J = 6.9 Hz, 2H), 301(t J=6.9 Hz, 2H); °C NM
CDClIs, 100 MHz) d 1524, 147.5, 1467 141.6, 129.6,
23.7,114.9, 114.3,55.6, 45.4, 35.4.

3ab was synthesized from 4-fluoroaniline (2b, 45.5 pL,
0.480 mmol) and 1-nitro-4-vinylbenzene (1a, 51. 0 UL, 0.400
mmol) in 94% yield (97.9 mg, 0.376 mmol) as a light yellow
solid. The crude product was purified using silica gel column
chromatography (EtOAc:hexanes = 1:3). mp 66-67 °C; IR
( neat): 3364 (m), 3078 (w), 2924 (m), 1605 (m), 1504
404 (m) 1342l_(s)\| 1281(( ), 1211 R/Illll (m) 825 (s
748 (m) cm%; ¢ DCls, 400 5 8.20 (d,
8.5 Hz, 2H), 742( J—85Hz 2H), 6.95 (t, J—87Hz
2H), 6.62-6.58 (m, 2H) 3.67 (3brs 1H), 3.47 (t J =6.8 Hz,
2H 306(t J = 6.8 Hz, 2H); *C NMR (CDCls;, 100 MHz):
0 147.3, 146.7, 145.6, 143, 9 129.6, 123 7 S_|C_|: =41.4 Hz),
115.7 (Jcp =223 Hz) 1137 (JCF = 7.5 Hz), 45.0, 35.2;

4-Fluoro-N-(4-nitropheneth I])anllme (3ab§ Compound

10.1002/adsc.201801582

HRMS (EI) m/z: [M+H]* Calcd for C14H14FN20; 261.1039,
Found 261.1041.

4-Chloro-N-(4-nitrophenethyl)a
3ac was synthesrzed from 4-chloroaniline
0.480 mmol) and 1-nitro-4-vinylbenzene ﬁla 1.0 pL, 0.400
mmol) in 95% yield (105 mg, 0.380 mmol) as a light yellow
solid. The crude product was purlfled using silica gel column
chromatography (EtOAc hexanes = 1:3). This compound
has been grewousl orted and spectra data match
described. ™1 *H NM C Cls, 400 MHz): 6 8.17 (d,J=8.7
Hz, 2H), 7.37 (d, J = 8.7 Hz, 2H), 7.14 (d, J = 8.9 Hz, 2H),
654(d J= 89Hz 2H), 3.74 (br's, 1H), 344(t J=6.8 Hz,
2H) 3.02 (t, J = 6. 8 Hz, 2H); BC NMR (CDCls, 100 MHz):
6;4170 146.7, 146.0, 1296 129.1,123.7,122.2,114.0,44.5,

aniline (3ac). Compound
2¢, 61.2 mg,

3ad was synthesized from 4-bromoaniline (2d, 82.6 mg,
0.480 mmol) and 1-nitro-4-vinylbenzene (1a 1.0 uL, 0.400
mmol) in 82% yield (105 mg, 0.328 mmol) as a light yellow
solid. The crude product was purlfled using silica gel column
chromatography (EtOAc:hexanes = 1:3). mp 70-71 °C; IR
neat): 3394 (m), 3078 (W), 2924 (m), 1589 (m), 1504 (s)
404 Sm% 1342 (s) 1296 (m)vIllBOlg ) 1111 (m) 849 (m

818 (s m) cm™; 1H'N Cls, 400 MHz): § 8.19
(d,J= 87Hz H), 7.37(d, J = 87Hz 2H),7.28 (d, J=8.7
Hz, 2H), 6.50 (d, J 8.7 Hz, 2H), 3.70 (br’s, 1H), 3.44 (t, J
= 6.9 Hz, 2H), 302 (t,J= 6.9 Hz, 2H); 13C NMR (CDCls,
lOOMHz) 6 147.0,146.7, 146.4, 1320 129.6,123.7,114.4,
109.2, 44.4, 35.1; HRMS ESJ m/z: ;M+H]+ Calcd for
C1aH14BIN,0, 321.0239, Found 321.0237.

4-Bromo-N-(4-nitro J)henethyl)anllme (3ad§ Compound

3ae was synthesized from 3-chloroaniline (2e, 50.7 pL,
0.480 mmol) and 1-nitro-4-vinylbenzene (1a, 51. 0 pL, 0.400
mmol) in 86% yield (95.2 mg, 0.344 mmol) as a light yellow
solid. The crude product was purified using silica gel column
chromatography (EtOAc:hexanes = 1:3). mp 71-72 °C; IR
(neat) 3310 m) 3070 w), 2924 ( g 1597 (s), 1512 (m)

3-Chloro-N-(4-nitrophenethyl)aniline (3aeg Compound

342'(s), 126 E c) 1165(\5/) 1088 (m), 849 (m) 741 (s) e
IH NMR (CDCls, 400 MHz): 5 8.18 (d, J = 8.8 Hz, 2H);
8(d J=88Hz 2H), 7.10 (t, J = 8.0 Hz, 1H), 6.70 (dd, J
0, 1.5 Hz, 1H

1659 (dd, J= 15, 1.5 Hz, 1 g 6485dd
8.0, 1.5 Hz, )379 br s, 1H), 7H

3 (t J=6.7 Hz, 2H); BC'N
48.6,147.0, 146.8,135.2, 130.4, 129.7, 123.9, 117.7, 112.4,
1113, 44.2, 35.1; HRMS ( ESZ) miz; £M+H]+ Calcd for
C14H14CIN20, 277.0744, Found 277.0744.

3.45(t, J =
R CDCI3 100 MHz): é

Bwa |
Oooll

3-Bromo-N-(4-nitrophenethyl)aniline (3af). Compound
3af was synthesized from 3-bromoaniline §2f 82.6 mg,
0.480 mmol) and 1-nitro-4-vinylbenzene ﬁla 1.0 yL, 0.400
mmol) in 98% yield (126 mg, 0.392 mmol) as a Ilght yellow
solid. The crude product was purlfled using silica gel column
chromatography (EtOAc:hexanes = 1:3). mp 77-78 °C; IR
neat): 3402 (m), 3078 (w), 2924 (m), 1589 (s), 1512 (s),
504'(s), 1404 (m), 1335 (s 1304 (m) 1173 (m), 1111 (m),
1060 (M), 849 (s), 764 m) cml; 'H NMR (CDCls, 400
MHz): 5 8.17 (d, J'= 8.3 Hz, 2H), 7.37 (d, J = 8.3 Hz, 2H)
7.03 (t, J = 8.2 Hz, 1H), 6.83 (d, J = 8.2 Hz, 1I|—|_) 6.74 (5
1H), 52(dd J=82,15Hz H) 380 brs, 1F) 3.44
J=6.8 Hz, 2H)302(t J=6.8Hz, 2H); BC NM (CDCls
100 MHz): 6 148.8, 147.0, 146.8, 130. 6 129. 6, 123. 8 123. 44,_
120.4, 115.3, 111.6, 44.1, 35.1; HRMS (ESI) m/z: [M+H]
Calcd for C14H14BrN20; 321.0239, Found 321.0240.

3-lodo-N-(4-nitrophenethyl)aniline (3ag). Compound 3a
was synthesized from 3-iodoaniline (29 105 m g 0.48
mmol) and 1-nitro-4-vinylbenzene (1a, 51.0 pL, 0.400
mmol) in 73% yield (108 mg, 0.293 mmol) as a Ilght yellow
solid. The crude product was purlfled using silica gel column
chromatography (EtOAc:hexanes = 1:3). mp 103-104 °C;
IR (neat): 3394 (m), 3070 (w), 2924 (m), 1582 (s), 1512 (s),
1474 (m), 1335 (s_/) 1234 (m), 1168 (m), 1080 (m), 1034 (m),
980 (m) 849 (s), 764 (m) cm; iH NMR(CDCIS, 400 MHz):
58.17(d, J=8.3 Hz, 2H 738(;1 J=8.3 Hz, 2H), 705(J_d
J=7.7 Hz, 1H), 6.95 (s, 1H), 6.90 (t, J = 7.7 Hz, 1H), 6
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Sdt J=77,1.2 Hz, 1H), 3.71 (br s, 1H), 343(t J=6.8Hz,
H), 3.02 (t, J = 6.8 Hz, 2H); C NMR (CDCls, 100 MHz):
61486 1468 130.8, 1296 126.7,123.9, 121.3, 112.3,95 3,
44.2, 352, 'HRMS (ESI) miz: 9M+H]+ "Caled  for
C14H14IN,0> 369.0100, Found 369.009

2-Methyl-N- ﬁ mtrophenethyl)amlme 3ah). Compound
3ah was synthesized from o-toluidine (2h, 51.0 uL, 0.480
mmol) and 1- n|tr04vm¥lbenzene (1a, 51.0 pL, 0.400
mmol) in 99% vyield (101.5 mg, 0.396 mmol) as a light
yellow solid. The crude productwas purlfled using silica eI
column chromato%ra? (EtOAC:hexanes = 1:3). mp
76 °C; neat): 3371 (m), 3063 (w), 2932 (m), 1597 (s
1512 s) 1466 gm) 1342 (s), 1281 (m 11149 (m), 1111 (m
1049 m) 849 (s). 748 (s), 702 (m) cml 1H NMR (CDCls,
Hz): 5 8.20 (d, J =8.5 Hz, 2 (4 85Hz
2H) 720(_|J 74Hz 1H), 7.11 d J 71 z, 1H) 6.75-
670(m 2H), 3.58 brs 1H) 354 t J=7.0Hz, ZH) 3.10
(t, J = 7.0 Hz, 2H) 2.09 (s, 3H): *C NMR (CDCl3, 100
MHz): & 1474 146.7, 145.3, 130.3, 129.6, 127.2, 123.7,
122.0, 117.3, 109.6, 44.2, 35.1, 17.2; HRMS (ESI) m/z:
[M+H]+ Calcd for CisH17N20, 257.1290, Found 257.1294.

2-Fluoro-N-(4-nitrophenethyl)aniline (3ai). Compound
3ai was synthesized from 2-fluoroaniline (2i, 44.7 pL, 0.480
mmol) and 1-nitro-4-vinylbenzene (1a, 51.0 pL, 0.400
mmol) in 92% yield (95.8 mg, 0.368 mmol) as a light yellow
solid. The crude product was purlfled using silica gel column
chromato aphy (EtOAC:hexanes = 1 3. m 73 74 °C; IR
neat): 3379 (m), 3070 (w), 2924 (m), 160 , 1512 (s),
443 (m) 1335 ( s ), 1250 (m_) 1188 ( m) 1111 (m), 1034 (m
918 (m), 849 (m), 741 (s), 702 (m) cml H NMR( DCls,
400 MHz) 8 8.20 (d, J = 8.5 Hz, 2H), 739(d J = 8.5 Hz,
2H), 7.05-6-97 (m, 2H), 6.76-6.66 (m, 2H), 3.95 (br s, 1H),
350(t J=7.0Hz 2H 3058t J=7.0 Hz, 2H); *C NM
CDCls, 100 MHz): 5 151.6 (Jer = 239 Hz), 146.9, 146.8,
35.9 (Je-r = 11.6 Hz), 129.6, 124.7 (Jc.r = 3.9 Hz), 123.9,
117.2 (Jc-r = 6.8 Hz), 114.7 (Jc-r = 18.3 Hz), 112.1 (Jcr =
2.9 Hz), 44.2, 35.5; HRMS ESI} m/z: [M+H]* Calcd for
C14H14FN20, 261.1039, Found 261.1036.

2-Chloro-N-(4-nitrophenethyl)aniline  (3aj).
3::2 was synthesized from 2-chloroaniline (2j, 50.

80 mmol) and 1-nitro-4-vinylbenzene ﬁla 1 0 UL, 0. 400
mmol) in 91% yield (101 mg, 0.366 mmol) as a light yellow
solid. The crude product was pUI’Ierd using silica gel column
chromatography (EtOAc:hexanes = 1:3). mp 84-85 °C; IR

neat): 3394 m), 3063 (w), 2924 (m), 159 ém 1512 (s),

458 (m), 1342 (s) 1296 (m) 1180 (m) 1095 (m), 1026 (m),
926 (), 849 (m 741 (s) cm; 1H NMR (CDCls, 400 MHz):
38.19(d,J= H223739dJ 8. HzZH)727(dd
J= 78 14Hz “1H),7.19'(td, J 7.8,1.2 Hz, 1H), 6.66-6.72
(m, 2H) 4.35 brs 1H), 52(]t J=70Hz2 ) 3.06 (t, J
=7.0 Hz, 2H); 13C NM (CDCls3, 100 MHz): 3 146.9, 146.8,
143.3, 129. 7 129.3,127.9, 123.9,119.4, 117.7, 111.2, 44.2,
35.1; HRMS (ESI) m/z: £M+H]+ Calcd for C14H14CIN2O;
277.0744, Found 2/7.0748.

Com ound

1-(4-Nitrophenethyl)-1H-imidazole (3ak). Compound 3ak
was synthesized from 1H-imidazole (Zk 32.7 mg, 0.480
mmol) and 1-nitro-4-vinylbenzene (la, 51.0 pL, 0.400
mmol) in 93% yield (80.8 mg, 0.372 mmoI) asa Ilght yellow
solid. The crude product was purlfled using silica gel column
chromatography (10% MeOH in EtOAc mp 61-62 °C; IR
neat): 3109 (m), 2970 (m), 2924 605 m), 1504 (s),
412/ (m), 13 2(s) 1234 (m) 1180 ) 1103ém '1080 (m),
918 (m), 841(m) 741 Ss cm R (CDCls, 400 MHz):
58.13 (d, J =8.6 Hz, 2H), 729(s 1H) 19 (d, J=8.6 Hz,
2H3 7.03 (s, 1H), 682(5 1H), 4.23 (t, 3= 68Hz 2H), 3.16
= 6.8 Hz, 2H); °C NMR (CDCls, 100 MHz): & 147.1,
450 137.0, 129. , 129.5,124.0, 118.6, 47.6, 37.5; HRMS
gzlglz)grg/g: [M+H]+ Calcd for C13H1N30, 218.0930, Found

2-Methyl-1-(4- nltrophenethﬁll) -1H-imidazole (3a|_)
Compound 3al was synthesized from 2-methyl-1

imidazole (21, 39.4 mg, 0.480 mmol) and 1-nitro-4-
vinylbenzene (1a, 51.0 uL, 0.400 mmol) in 90% vyield (83.3
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mg, 0.360 mmol) as a light P/ellow solid. The crude product
was purified using silica gel column chromatography (10%
MeOH in EtOAc). mp 58-59°C; éneat ): 3094 Emi 2924
m) 2839 (m), 1936 (w), 1597 (m) 1504 (s), 1427 (m), 1335
1288 (m&l 1149 1111 (m) 1034 (m) 840 (m), 733
s ‘cm?t MR CDCI3, 400 MHz) 88.13(d, J=8.5Hz,
H), 7.17 (d, J=8.5Hz, 2H), 6.90 (s, 1H), 6.7 (s 1H), 4.12
(t J—68 Hz, 2H), 311(t J = 6.8 Hz, 2H) 213(,3H);
3C NMR (CDCI3 100 MHz): & 147.1, 145. 0, 144.4, 129.6,
127.6, 123.9, 118.7, 46.7, 37.2, 12.8: HRMS (ESI) m/z:
[M+H]+ Calcd for C1,H14N30, 232.1086, Found 232.1091.

4-Methyl-1-(4- mtrophenethw) 1H-imidazole (3am).
Compound 3am was synthesized from 4-methyl-1
imidazole (2m, 39.4 mg, 0.480 mmol) and 1-nitro- 4—
vinylbenzene (1a, 51.0 pL, 0.400 mmol) in 92% yield (85.1
mg, 0.368 mmol) as an orange solid. The crude product was
R/lljl’lfled using silica %el column chromatography (10%
eOH in EtOAC). 2-53°C; IR (neat): 3094 (m), 2916
, 2854 (m), 1 05 ), 1512 (s), 1450 (m), 1342 (s 1227
1165 (m), 1111 (D(): 1034 (m), 856 (m), 818 (m), 756
mcm“H I3, 400 MHz): 8 8.16 (d, J=8.4 Hz,
), 722719(m 3H 6.55 (s, 1H), 4.15 (t, J = 6.8 Hz, 2H),
314(t J=6.8 Hz, 2H), 2.21 (s, 3H); *C MR(CDCIg 10v
MHz): & 147.2, 1451 139.0, 1361 129.5, 124.0, 115.0,
47.6, 37.6, 13.7; HRMS (ESI) m/z; [M+H]* Calcd for
C12H14N30, 232.1086, Found 232.1096.

1-(4- NltrCPhenethyI) 1H-benzo[d]imidazole (3ar|1_).
Compoun 3an  was  synthesized  from
benzo[ld]lmldazole (2n, 56.7 mg, 0.480 mmol) and 1-nitro-
4-vinylbenzene (la, 51.0 pL, 400 mmol) in 95% yield
(102 mg, 0.380 mmolP as an ivory solid. The crude ﬁroduct
was purified using silica gel column chromatograg 2%
MeOH in EtOAc). m 138-139 °C; neat
2924 (m), 2839 (m), 1597 (m), 1512 (s) 1404 (m), 1335 (s
1281 (m), 1219 (m 1111 (m 1034 (m) 856 (m), 825 (W),
741 (), 694 (m)cmt; IHN MR (CDCls, 400 MHz) 5 8.05
d, J=18.3 Hz, ZH} 778(brs 1H), 7.56 (s, 1Hb) 7.33-7.27
m3H)710(;1I 8.3 Hz, 2H), 443 7 Hz, 2H),
23 (t, J = 6.7 Hz, 2H); BE N (5C CI3, 100 MHz) 1)
146.9, 145.1, 143.8, 142. 8 133.2,129.5,123.9,123.1,122.2
1205, 109.3, 45.7, 35.7, HRMS (ESI) m/z: [M+H]+ Calcad
for C15H14NsO, 268.1086, Found 268.1083.

2-Methyl-1-(4-nitrophenethyl)-1H-benzo[d]imidazole
(3a0). Compound 3ao was synthesized from 2-methyl-1H-
benzo[ld]lmldazole (20, 63.4 mg, 0.480 mmol) and 1-nitro-
4-vinylbenzene (la, 51.0 pL, .400 mmol) in 88% yield
(99.0'mg, 0.352 mmol) as an ivory solid. The crude ﬁroduct
was purlfled using silica gel column chromatograp 5%
MeOH in EtOAc()J 139-140 °C; IR (neat): 308

14 8 (m), 1404 m

2916 (m), 2847 (M), 1 05 (m), 1512

1335 (s), 1281 (m) '1149 (m), 1111 (M), 1011 (m), 841 (m
748 (m) cm; TH'NMR (C Cli, 400 | %)BSIIdJ—
8.3 Hz, 2H), 7.73 (d, J—51Hz 1H (br s, 3H), 7.13
(d,J="83Hz, 2H), 438 (t, J=6.7 zZH 3.23(t, J=6.7

Hz, ZH) 2.25 (s 3 ) 13C NMR(CDCI3 100 MHz): 5 151.3,
146.9,145.2, 1425, 134.3,129.7, 123.8, 122.2, 122.0, 119.2,
108.8, 44 4, 35.2, 13.3; HRMS (ESI) m/z: [M+H]*Calcd for
Ci6H16N30, 282.1243, Found 282.1254.

1-(4-Nitrophenethyl)-1H-pyrazole (3ap). Compound 3ag
was synthesized from 1 Byrazole 2p, 32.7 mg, 0.480
mmol) and 1-nitro-4-vinylbenzene (1la, 51.0 pL, 0.400
mmol) in 99% yield (86.0 mg, 0.396 mmol) as a yellow solid.
The crude product was ﬁurlfled using silica gel column
chromatography (EtOAc:hexanes = 1: % mp 82-83 °C; IR
neat): 3109 (m), 2932 (m), 2854 (m), 2847 (w), 1597

512 Es) 145 w) 139 (m ), 1342 (s) 1281 m) 1188

1157 (w), 1095|(m) 1041 (3& 964 (m), 918 ( W) 856

733 (m) cm; *H NMR (C I3,400 MHz 5 8.07 (d, J—
8.5 Hz, 2H 751 (s, 1H) 716(d J =85 Hz, 2H), 7.13 (s,
1H)615 é L1H), 437tJ 6.8 Hz, 2H)328(tJ—
6.8 Hz, 2H CDCI3 100 MHz) 5146.9, 145.9
139.8, 1296 129.5, 1237 105.3, 52.5, 36.4. HRMS (ESI)
211/223:0 %+H]* Calcd for CiiH12N3Oz 218.0930, Found
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1 -(4-Nitrophenethyl)-1H-1,2,3-triazole (3an Compound
%was synthesized from 1H 1,2,3-triazole (2q, 27.8 uL,
480 mmol) and 1-nitro-4-vin Ibenzene (1a 51. pL 0.400
mmol) in 90% yield (78.6 mg, 0.360 mmol) as an ivory solid.
The crude product was urified usin S|I|ca gel column
chromatography (EtOAc:hexanes = 1:3). ? 114-115 °C;
IR(neat) 3016 ) 2962 (m), 2854 (m), 159 (m), 1512 (s),
1458 (m), 1342 (s), 1211 (m), 1111(m) 1072 (m) 1026 (m),
856 (m), 810(( , 733 (m) cm'! CDCls, 400
MHz): §'8.09 =85 Hz 2H) 7.61 (s 1H)
723(d J =85 Hz, 2H), 467(t J=7.0 Hz, 2H),
=7.0 Hz, 2H); *C NMR (CDCls, 100 MHz): 5 147.2, 144.7,
133.7, 129.6, 123.9, 123.7, 50.4, 36.2; HRMS (ESI) m/z:
[M+H]* Calcd for C1oH1:N4O; 219.0882, Found 219.0886.

36 (s, 1H),
3.35(t, J

4-Methoxy-N-(1-(4-nitrophenyl)butan-2- }r/]l)anlllne (5aa).
Compound 5aa was synthesized from 4- met oxyaniline (2a,
59.1 mg, mmol) and (E)-1-(but-I-en-1-yI -4-
nitrobenzene (4a, 70.9 mg, 0.400 mmal) in 81% yield (97.3
mg, 0.324 mmol) as a ye low solid. The crude product was
purlfled using silica gel column  chromatograph
EtOAc:hexanes = 1:3). 63-64 °C; IR (neat): 3394 (m),
040 (w), 2955 (m), 2 08 m), 1597 (m), 1504 (s), 1342 (s),
1227 (s), 1180 (w), 1149 %R/I 1111 1034 s), 856 (M),
802 (s), 741 (m) cm'%: *H R (CDC 5 400 Hz 5 8.14
dJ—87H22H 733dJ—87H22H d,J=
.7Hz, 2H), 657 (d, Hz, 2H), 3.76 (s, 35 -3.51
m, 1H), 3.17 (br's, 1H) 297288(i , 2H), 1 7-1.54 (m,
H), 1.43-1.38 (m, 1H), 0.9 (t, J = 7.5 Hz, 3H): *C NMR
C C|3 100 MHz): o 152.0, 146.9, 1465 141.3, 130.2,
23.4, 115.0, 114.6, 56.1, 55.7, 39.8, 27.0, 10.5; HRMS
g%il)sn%/% [M+H]+ Calcd for C17H21N>05 301.1552, Found

4-Fluoro-N-(1-(4-nitrophenyl)butan-2- yI?anlllne (5ab).
Compound 5ab was synthesized from 4-fluoroaniline 2b
455 pL, 0.480 mmol) and (E)-1-(but-1-en-1-yl)-
nitrobenzene (4a, 70.9 mg, 0.400 mmol) in 85% vyield ( 8 O
mg, 0.340 mmol) as a yellow oil. The crude product was
purified using silica gel column chromatography
EtOAc:hexanes = 1:3). IR%neat) 3410 (m), 3070 (W? 2962
) 2870 Em 1512 (s ) 1342 (s), 1219 (s), 1149
1111 m), 1011 856 (\TL 818 (s), 748 (m), 702 (m)
IH'NMR (CDCls, 400 z): 6814 (d,J=73H
2H) '7.32.(d, J—73Hz 2H), 6.9 (td, J = 8 6 1.1 Hz, 2H)
6.52 (ddd, J = 8.8, 4.2, 1.1 HZ, 2H), 3.58-3.52 (m, 1H), 3.32
gbrs 1H), 2.96 (dd, J = 13.7, 5.9 Hz, 1I—(|) 290de J=13.7,
5 Hz, 1H), 1.64-1.54 (m, 1H), 1.41 fquint, ='142,73
Hz, 1H 1 00 (td, J = 7.3, 1.4 Hz, 3H); °C NMR CDCI3,
100 MHz): & 156.7 S-]CF = 235 Hz), 146.6, 1466 143.5,
130.2, 12 5,115.8 (Jor = 22.2 Hz; 114.0 (Jor = 6.8 Hz),
55.8, 39.7, 27.0, 10.5: HRMS (ESI) m/z: [M+H]* Calcd for
CleHlsFNzoz 289. 1352 Found 289.1353.

4-Chloro-N-(1-(4-nitrophenyl)butan-2- yI%anlllne (5ac).
Compound 5ac was synthesized from 4-chloroaniline (2c,
428 puL, 0.480 mmol) and (E)-1-(but-1-en- 1dyl )-4-
nitrobenzene (4a, 70.9 mg, 0.400 mmol) |n 88% vyield (107
mg, 0.352 mmol) as an orangie oil. The crude product was
purified using silica column chromatograph}zl
EtOAc hexanes = 1:3). IR%neat) 3402 (m), 3078 (w), 296
, 2878 (m), 1597 (m), 1512 (s), 1404 (W 1342( 1180
1103 (m), 1011 s) 856 (\r}m 818 (s) 48 (m), (_r|n)
I N R (CDCls, 400 d,J=73
2H) 7.32 (d, J=7.3 Hz, 2H), 712(td J 86 3.2 Hz, 2H),
652 ddd, J=8.8,4.2, 1.1 Hz, 2H), 358(brs 1H), 344(3
.97 (dd, J:1 7,59Hz 1H) 2908dd J=13.7,55
Hz 1H3) 164 1.54 m, 1H), 1.41 ( dqumt =142, 73Hz
1H 1.00 (td, J=7.3,1 4 1z, 3H); 3C NMR (CDCls, 100
MHz 0 1466 1464 457 1302 129.3, 1235, 121.9,
114, 1 55.2, 39.7, 27.0, 10.5; HRMS (ESI) m/z: [M+H]+
Calcd for CysH1sCIN,O, 305.1057, Found 305.1057.

N-(1-(4- Nltrophe l)butan-2-yl)aniline (5ar). Compound
5ar was s nthe5|ze rom aniline (2r, 44.0 pL, 0.480 mmol)
and (E)- -(but -1-en-1-yl)-4-nitro enzene (4a, 70.9 mg,
0.400 mmol) in 75% vyield (81.1 mg, 0.300 mmol) as a

yellow oil. The crude product was purlfled using silica gel
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column chromato raghg/ (EtOACc:hexanes = 1:3). IR neat)
3410 (m), 3325 ( % 962 (m), 2870 m) 1597 (m), 1512 (s
1342 s) 1180 Bg 1111 (\r/rp)| 964 (w), m), 784 m) cm’
g I5, 400 6815 d = z, 2H
734(dJ 7 Hz, 2H), 7.20 td, J = 730 2H),6.1
gtd J=7.3,09Hz 1H),6.61(d d,J:77,09Hz,2w,3.67-
1(m,1 ),344 brs, 1H), 2.98 (dd,J 13.7,5.9 Hz, 1H),
2.93(dd, J=13.7, 6.0 Hz, 1H), 64-1.55 (m, 1H), 1.46-1.35
(m, 1H), 1.00 ( t,J=74Hz 3 H); 3C NMR (CDCls, 100
MHz): 5 147.1, 146.7, 146.6, 130.3, 129.5, 1234, 117.4,
113.1, 55.0, 39.8, 27.0, 10.5; HRMS SI) m/z: [M+H]+
Calcd for Cy6H10N20, 271.1447, Found 271.1452.

3-Fluoro-N-(1-(4-nitrophenyl)butan-2-y ?anlllne (5as).
Compound 5as was synthesized from 3 fluoroaniline (2s,
46.0 pL, 0.480 mmol) and (E)-1-(but-1-en-1-yl)-4-
nitrobenzene (4a, 70.9 mg, 0.400 mmol) in 62% yield (71.5
mg, 0.248 mmol) as a ye low solid. The crude product was
purlfled using  silica geI column chromatogra h
EtOAc:hexanes = 1:3). 54-55 °C; neat 3394 (m),
078 (w), 2924 (m), 2 54 m), 1620 (s), 15 s), 1481 m,
1335 (s), 1288 (m), 1142 (5) 1111(D , 1018 (m), 856 (m
810 (m), 748 (m) cm*! NMR (CDCls, 400 MHz): 88 15
d, J =8.7 Hz, 2H), 733(d J = 8.7 Hz, 2II|_) 7.10 (td, J =
2,6.6 Hz, 1H), 6:39 (td, J=8.2, 2.3 Hz, 1 )'634(ddd J
=8.2,2.3,0.9 Hz, 1H) 628(dt J'=11.9,2.3 Hz, 1H), 3.61-
3.56 (m, H),355 br's, 1H), 2.98 (dd, J = 13.7, 5.9 Hz, 1H),
2.91(dd,J=13.7 5HZ 1H)16 15’\(m lH)147136
(m, 1H), 1.00 (t, J = 7.4 Hz, 3H): “°C NMR (CDCI3, 100
MH2): 6 164.2 (J.r = 243 Hz) 49.1, 149.0, 146.3, 130.5
ch £ =10.6 Hz), 130.2, 123.5, 108.9, 103.8 Jc.F =21.2 Hz),
9.7 JCF—261HZ) 55.1, 39.8, 27.1, 10. ; HRMS (ESI)
%61 l;_)/|2+H]+ Calcd for CieH1sFN2O; 289.1352, Found

3-Bromo-N-(1-(4-nitrophenyl)butan-2-yl)aniline  (5af).
Compound 5af was synthesized from 3 bromoaniline (2f,
543 pL, 0.480 mmol) and (E)-1-(but-1-en- 1dyl )-4-
nitrobenzene (4a, 70.9 mg, 0.400 mmol) |n 85% vyield (119
mg, 0.340 mmol) as a yellow oil. The crude product was

purified using = silica gel column chromatograph
EtOAc:hexanes = 1:3). IR%neat) 3402 (m), 3070 (w), 297
3 2916 (m), 1597( %1512 (s), 1342 (s), 1281 (W 1234
1142 (w), 1111 1011 (m) 849 (m), 764 m) cm?
H NMR (C CI3,4OO MHZ 0 8.14 (d, J = 8.7 Hz, 2H
7.32(d, J = 8.7 Hz, 2H), 7.01 (dd, J = 7.8, 7.8 Hz, 1H), 6.80
(d J—78Hz 1H), 6. 1 s, 1H), 649( d, J=8.2, 2.3 Hz,
,3.59 (brs, 1H 35331H)29 (dd 13.3,5.5 Hz,
12.89 (dd, J =133 5.

(dqumtJ—144 7.3 Hz, 1H), 0.99 (t, J = 7.3 Hz,
NMR (CDCls, 100 MHz): & 148.5, 146.6, 1463,
130.3, 123.5, 123.4, 120. 5, ,
10.5; HRMS (ESI) m/z: £M+H]+ Calcd for Ci6H1sBrN,O;
349.0552, Found 349.055

S J=
Hz, 1H), 1 6 -1.56 (m, 1H), 2.98
3

1-(1-(4-Nitrophenyl)butan-2-yl)-1H-imidazole (5ak).
Compound 5ak was synthesized from 1H-imidazole 2k
32.7 mg, 0.480 mmol) and (E)-1-(but-1-en-1-yl)-
nitrobenzene (4a, 70.9 mg, 0.400 mmol) in 72% vyield ( 0 6
mg, 0.289 mmol) as a ye low solid. The crude product was
purlfled using S|I|ca gel column chromatography (10%
MeOH in EtOAC). 49-50 °C; IR (neat): 3109 (m), 2967

, 2924 (m), 1 05 m), 1512 (s) 1412 (m), 1342 (s), 1272
m , 1180 m) 1111 ({‘n) 1080 (m) 918 (m) 856 m) 802

741 R (CDCls, 400 MHz) 58.07(d,J

6 Hz, 2H) 7.26 (s 1H), 7.80- 706£m 3H), 6.87 (s, 1H),
409401(m 1H) 3.18 dd J=13.3,4.5 Hz, 1H) 3.06 (dd,
J =13.3, 10.5 Hz, 1H 196 183(m 2H), 0.88 (t J=74
Hz, 3H) BC NMR (CDCls, 100 MHz): & 146.9, 144.8,
136.4, 129.8, 1295, 123.8, 116.2, 61.3, 42.7, 28.7, 10.6;
HRMS (ESI) m/z: [M+H]+ Calcd for CisHi6NsO, 246.1243,
Found 246.1245.

2 Methyl -1-(1-(4-nitrophenyl)butan-2-yl)-1H-imidazole

(} Compound 5al was s ntheS|zed rom 2-methyl-1H-
imidazole (2I 39.4 mg, 0.48 mmo and (E)-1-(but-1-en-1-
yl)-4- nitrobenzene (4a, 70.9 m? 00 mmol) in 82% yield
(85.1 mg, 0.328 mmol) as a yel ow solid. The crude product
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was purified using silica gel column chromatograph (10%
MeOH in EtOAc). mp 49-50 °C; IR (neat): 3109 2962
m), 2878 (m) 1605 , 1512 (s) 14 im) 1420 (m), 1342
s), 1273 (m), 1157 (m), 1111 (m) 1011 (m), 987 (m) 941
|))856 8m) 802 741 (s), 702 (m) cm™; H NMR
Cls, 400 MHz): 806 d J—86 z,/2H), 7.02 (d
.6 Hz, 2H), 6.97 (s 1H), 55 1H), 4.03- 396& 1H)
313 dd, J = 13.3,4.5 Hz, 1H), 2.98 (dd, J = 13.3, 105 Hz,
% 96183N(m 5Hg 0.84 (t, J = 7.4 Hz, 3H); C NMR
Cls, 100 MHz 146.9, 145.1, 1449 129.6, 128.2,
23.7,114.3,59.4, 427 29.0,12.9, 10.6; HRMS (ESI) m/z:
[M+H]* Calcd for C14H1sN30, 260.1399, Found 260.1403.

4-Methyl-1-(1-(4-nitrophenyl)butan- Zl}ll) -1H-imidazole
(5am). Compound 5am was synthesized from 4-methyl-1H-
imidazole (2m, 39.4 mg, 0.480 mmol) and (E)-1-(but-1-en-
1-yh-4- nitrobenzene é a, 70.9 mg, 0.400 mmol) in 92%
yield (95.4 mg, 0.36 mmol) as a yellow oil. The crude
product was purified using S|I|ca gel column
chromatograp hZ §0% MeOH in EtOAc neat): 3101
m), 2970 (m), 2878 (m), 1605 (m), 1512 S), 14 8(m) 1342
s), 1281 (m), 1157 (m), 1111 ( m) 1057 (w 972 (w

m), 856 (m), 810 (m), 733 (s) cm':; 'H R (CDC 3 400
MHz): § 8.02 (d, J = 8.7 Hz, 2H), 7.05-7.03 (m, 3H), 6.59
(s, 1H), 3.92 (tt, J= 9.5, 4.9 Hz, 1H) 3.10 (dd, J—l 7,45
Hz, 1H), 2.99 (dd, J = 37,96Hz lH) 214(\A3H) 1.88-

176’\2 ' 2H) 0.81 (t, J = 7.6 Hz, 3H)’ ®C NMR (CDCls,
100 MHz): & 146.8, 145 6 145.1, 129.5,124.1, 123.6, 123.0,
61.2, 42.5, 28.6, 13.8, 10.5. HRMS (ESI) m/z: [M+H]*

Calcd for C14H15N30; 6 11399, Found 260.1401.
1-(1-(4-Nitrophe gl)butan -2-yl)-1H-benzo[d]imidazole

(5an). Compound 5an was synthesized from 1H-
benzo[d]lmldazole (2n, 56.7 mg, 0.480 mmol) and (E)-1-
4a, 70.9 mg, 0.400 mmol)

(but-1-en- 13/2 -4-nitrobenzene
|n 70% vyield (82.7 mg, 0.280 mmol) as ayellow solid. The
crude product was purified using silica gel column
chromatogra a/ 10% MeOH in EtOAc). mg 03-104 °C;
IR (neat): m 2962 m), 2870 (m), 2361 %m 1605
m), 1512 s ), 1404 1342 s) 1281 (m) 1203 (m), 1111
m), 1072 W) 101 ’\Sm) 856 (M), 741 (s), 710 (m% cm; 1H
NMR (CDCI3, 400 MHz): 6 7.93 (d, J = 8.5 Hz, 2H), 7.77-
774%m 1H() 7.68 (s, 1H), 7.36-7.33 (m, 1H), 725720(m

98 (d, J = 8.5 Hz, 2H), 4.42-4.37 (m, 1H), 3.32 (dd,
J= 142 78Hz 1H 327 d J=137, 2Hz 1H), 2.15-
2.01 (m, 2H), 084 (t J=7.4Hz, 3H); 3C NMR (CDCls,
100 MHz): 6 146.7, 144.8, 143.9, 141. 5,132.9,129.5,123.5,
122.8, 122.1, 120.5, 110.0, 60.0, 40.6, 27.1, 10.6: HRMS
g%(ssl)sn;/% [M+H]+ Calcd for Ci7H1sN30; 296.1399, Found

1-(1-(4-Nitrophenyl)butan-2- yI) 1H-pyrazole (5ap).
Comgound 5ap was synthesized from 1H-pyrazole (2p, 32.7

480 mmol) and (E)-1-(but-1-en-1 yl)/4 nitrobenzene
(4a 70.9 mg, 0.400 mmol) in 81% yield (80.0 mg, 0.326
mmol) as a light yellow oil. The crude product was purlfled
using 5|I|ca gel column chromatograp hg/ gEtOAc hexanes =
1:3). IR (neat): 2962 (m), 2924 ?2 870 (m), 1605 (
15 OEs) 466 (m), 1404 (m), 1342 (s), 1281 (m 1103
1049 (m), 933 w) 856 (m), 802 (m), 748 Ss) 702 (m m) cm;
'H NMR (CDClIz, 400 MHz):  8.01 ( = 8.7 Hz, 2H),
7.54 (s, 1H), 7.05 (s, 1H), 7.02 (d, J—87Hz 2H), 6.09 s
1H), 4.18- 11 (m, 1H 3.36 ( d J =137, 10.1Hz, 1 ),
3.13(dd, J=13.7, 41Hz 1H), 211 -2.07 (m, 1H), 1.91-1.88
(m, 1H), 0.79 (t, J =76 Hz 3H); 3C NMR (CDCI3, 100
MHz): 5 146.6, 146.1, 1396 129.6, 129.4, 123.4, 104.5,
65.8,41.7, 28.4, 10.6; HRMS (ESI) m/z: [M+H]+ Calcd for
C13H15N302 246 1243 Found 246.1245.

1-(1-(4-Nitrophenyl)butan-2- ylg -1H-1,2,3-triazole (5aq).
Compound 5aq was synthesized from 1H-1,2,3-triazole 2Q,
332 mg, 0.480 mmol) and (E)-1- (but 1-en-1-yl)-4-
nitrobenzene (4a, 70.9 mg, 0.400 mmal) in 60% yield (59.2
mg, 0.240 mmol) as a ye low solid. The crude product was
punfled using silica gel column chromatogra h
EtOAc:hexanes = 1:3). mp 58-59 °C; IR (neat): 2962
924 (m), 2854 (m), 1605 (M), 1512 (), 1458 (m 1420
1342 (s), 1149 (m), 1111 (m), 957 (m), 864 (m), 10 (s),
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Sm) 710 (m) cmt; *tH NMR (CDCls, 400 MHz): & 8.05 (d,
8.7 Hz, 2H), 7.55 (s, 2H), 7.12 (d. J = 8.7 Hz, 2H), 4.76
tt, J=9.8,4.9 Hz, 1H), 3.44 (dd, J = 14.0, 9.8 Hz, 1H), 3.24
dd, J =14.0, 4.8 Hz, 1H), 2.19-2.11 (m, 1H), 1.96 (ddd, J =
4.2,7.3, 4.6 Hz, 1H), 0.80 (t, J = 7.3 Hz, 3H); °C NMR
CDCls, 100 MHz): 5 146.8, 145.3, 133.8, 129.6, 123.6, 68.5,
1.2, 285, 105, HRMS (ESI) m/z; [M+H]* Caicd for
C1oH1sN4O, 247.1195, Found 247.1199.

4-Methoxy-N-(1-(2- nltrophen l)butan-2- )(]I)anlllne (5ba).
Compound 5ba was synthesized from 4- met aniline (2a
59.1 mg, O. mmol) and (E)-1-(but-1-en-1-y

nitrobenzene (4b, 70.9 mg, 0.400 mmol) |n 23% vyield ( 7 6
mg, 0.0920 mmol) as a yellow oil. The crude product was

purlfled using silica” gel column chromatography
EtOAc:hexanes = 1:3). IRzneat) 3402 (m), 2962 (m) 2932
8 (W), 1350 (m), 1242 (s 1180

m), 1612 (m), 1512 (s), 14
w), 1142 (w), 1041 nlj) 856 (W) 81 Sm) 741 (s) cmt; tH
NMRSCDC 3,400 2): 3 gd 7.8, 1.1 Hz, 1H)
7.47 (td, J=7.7, 1.3 Hz, 1H 7.3 7.30 (m, 2H 6.70 (d, J
= 8.7 Hz, 2H), 644|( J—87 3.6 Hz, 2H) 372(5 H),
357gumt J=6.4 Hz, 1H), 3.27 (brs, 1H), 3.13-3.11 (m,
67-1.48 (m, 2H), 098(t J—75Hz 3H); 13C’'NMR
CDCls, 100 MHz): 6 151.8, 150.0, 1418, 134.4, 132.8,
32.5, 127.2, 1246 114.8, 114.3, 56.6, 55.7, 37.8, 28.0,
10.3; HRMS (ESI) m/z: [M+H]+ Calcd for Ci7Hz:N,0s
301.1552, Found 301.1560.

4-Methyl-1-(1-(4- mtrophen(}/_/)pentan -2-yl)-1H-
imidazole (7am). Compound 7am was synthesized from 4-
methyl-1H- |m|dazole( m, 39.4 mg, 0.480 mmol) and (E)-
1-nitro-4-(pent-1-en-1- I benzene (6a, 76.5 mg, 0.400
mmol) in /5% vyield (8 mg, O. 300 mmol) asayellow oil.
The crude product was purified using si |ca gel column
chromatograph¥ ()10% MeOH in EtOAce neat): 2947

2870 (m), 2800 (w), 1605 (m), 1520 (s), 1450 (m), 1420
, 1342 s% 1281 (W), 1219 (M), 1157 (m), 1111 (m). 1018
856 (M), 818 (s), 748 (m) ¢mt; IH NMR (CDCls, 400
MHz) 8 8.06 (dd, J=8.5,2.1 Hz, 2H) 7.09 (s, 1H), 7.06 (d.
J = 8.5 Hz, 2H), 6.59 (s 1H), 4.03 (quint, J = 4.5 Hz, 1H),
3.10 (dd, J'=13.7, 5.0 Hz, 1H) 3.0 (dd J=137,93 Hz,
1H), 2.18 (s, 3H), 1.84-1.76 (m, 2H), 122 dg, J =148, 7.4
Hz, 2H), 0.88 (td, J = 7.4, 1.4 Hz, 3H); °C NMR (CDCls,
100 MHz): 56 146.8, 145.1, 1389 135. 5,129.5,123.7,112.4,
59.3,42.8,37.5,19.2, 13.8, 13.5; HRMS (ESI) m/z: [M+H]*
Calcd for Cy5H20N30; 274.1556, Found 274.1559.

4-Methyl-1- ()1 (4-nitrophe 3/7)heptan -2-yl)-1H-
imidazole (7bm). Compound 7bm was synthesized from 4-
methyl-1H-imidazole (2m, 39.4 mg, 0.480 mmol) and (E)
1- (hef)t 1-en-1-yl)-4- nitrobenzene (6b 87.7 mg, 0.400
mmol) in 82% yield (98.9 mg, 0.328 mmol) asa yeIIow oil.
The crude product was purified using silica gel column
chromatography (10% MeOH in EtOAc IR (neat): 2932
m), 2862 (m), 1605 (m), 1520 (s), 1458 m) 1342 s ), 1288

1111 (m) 1003 I&rlr\}) 972 (W 858 818
s)),g?OdZ (]

41 (m) le H R CDC 3 400

. 87HZ 2H 711(5 lH)707dJ_87
2H), 59(S 1H)406 g , 1H), 3.12 (dd, J = 13.7, 50
Hz, 1H), 3.03 (dd, J = 13.7, 9.6 Hz, 1H) 220(s 3H), 1.85-
1.80 (m, 2H), s o (m, 6H), 0.86 (t, J = 6.6 Hz, 3H):
BC NMR ( DC|3, 100 MHz): 6 147.0, 145.1, 139.1, 135.5,
129.6, 123.8, 112.5, 59.6, 43.0, 35.5, 31.3, 25.7, 22.4, 13.9
13.8; HRMS (ESI) m/z [|\/|+H]+ Calcd for C17H24N302
302.1869, Found 302.1871.

4-Methyl-1-(3-methyl-1-(4-nitrophenyl)butan-2-yl)-1H-
imidazole (7cm). Compound 7cm was sgnthemze from 4-
methyl-1H-imidazole (2m, 39.4 mg, 0.480 mmol) and (E)-
1- Z(3 methylbut-1-en-1-yl)- -4- mtrobenzene % 6.5 mg,
00 mmol) in 71% Yyield (77.6 mg, 0.284 mmol) as a
yellow oil. The crude product was purified using silica gel
column chromatogra hg (10% MeOH in EtOAC). IR (neat):
2978 (m), 2878 (m) 824 (w), 1605 (m), 1512 (s), 1412 (w),
1342 (s), 1281 (m 1165 (m), 1111 11011 w) 972 (m),
941 (w), 849 (m), )_|cml H NM (CDCls3, 400 MHz):
6806dJ—87Hz 707705%m 3H), 6.59 (s, 1H),
3.73-3. 7(m 1H), 328( d,J=13.7,3.7 Hz, 1H), 298(dd
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J=13.7,11.0 Hz, 1H), 21933 3H), 2.12- 2038m 1H), 1.12
d, J—69Hz 3H 0.84 J = 6.4 Hz, 3H): 3C NMR
CDCI3 100 MHz) d 1469 145.6, 138.8, 136.0, 129.4,
23.8,113.2,66.1, 39.6, 33.5, 20.2, 19.0, 13.8; HRMS (ESI)
217/2:1 g/l7+H]+ Calcd for C1sH20N30, 274.1556, Found

4-methyl-1-(1-(4- nltrophené/lg -4-phenylbutan- 23/2 -1H-
imidazole (7dm). Compound 7dm was synthesized from 4-
methyl-1H-imidazole (2m, 39.4 mg, 0.480 mmol) and (E)-
1-nitro-4-(4-phenylbut-1-en-1- yI)benzene (6d, 101 mg,
0.400 mmol) in 83% yield (111 mg, 0.332 mmol) as ayellow
oil. The crude product was urlfled usin S|I|ca gel column
chromatogra ()10% MeOH in EtOAc). IR (neat): 2908
, 2862 m) 1605 (m), 1566 (W), 1512 (s), 14 0 (w), 1412
) 1342 s), 1281 (m ) 1157 (m), 1111 m) 1003 (W) 918
, 856 6m) 818 748 Sm) '702 (m) cm?; 1H NM

8.7 Hz, 2H), 7.31-7.27 m

H), 7.24-7.20 (m 1H) 7.10-7.09 (m, 2H), 7.07 (s, 1 )
703(d J = 8.7 Hz, I—||_) 6.64 (s, 1H8 4.0 398(m 1H
3.11 (dd, J = 13.7, 5.0 Hz, 1H), 3.05 (dd, J = 13.7, 9.2 Hz,
1H), 2.63-2.56 (m 1H), 2.50-2.42 (m 1H) 2.24 és 3H),
2.21-2.15 (m, 2H); *3C NMR (CDCls, 100 MHz): 5 147.0,

CBCh, 400 MHz): & .06 (d,

144.8,140.0,139.4, 135.7, 129.5, 128.6, 128.3, 126.4, 123.7,

112.3. '58.4, 43.0, 36.7, 31.9, 13.9: HRMS (Es? m/z:
[M+H]* Calcd for CaoH22N302 336.1712, Found 336.1710.

1'(4 (Benzylox )-1-(4-nitrophenyl)butan-2-yl)-4-methyl-
|m|dazole( em). Compound 7em was synthesized from
4 methyl-1H-imidazole (2m, 39.4 mg, 0.480 mmol) and (E)-
3 (benzylox but-1- en -1- ﬁ -4- nltrobenzene (6e, 113 mg,
00 mmol)ln 8% yield (114 mg, 0.312 mmol) as a yellow
0|I The crude product was urified using silica gel column
chromatography (10% MeOH in EtOAc). IR (neat): 2862
3 2800 (w) 16 5 (m), 1512 (), 1443 (m), 1342 Es 1281
1157 (m), 1111 E)C? 1011 (m), 926 (m), 856 (m), 733
s)cm1 IH NMR (C I3, 400 MHz): & 8.06'(d, J = 8.7 Hz,
H 737726 m, 5H) 7.09 (s, 1H), 7.07 (d, J = 8.7 Hz,
657%3 44052H 440434§m 2H) 3.47 dt
.]—95 4.6 Hz, 1H), 313 (dd, J = 14.2, 5.1 Hz, 1H), 304
dd, J = 14.2, 9.6 Hz 1H) 2.21-2.13 (m, 5H); 130 NMR
CDCI3 100 MHz): & 147.0, 144.9, 139.1, 137.8, 135.8,
129.6, 128.4, 127.9, 127.8, 123.7, 1125, 73.3, 65.6, 56.0,
424,358, 13.8; HRMS (ESI) 'm/z; [M+H]* Calcd for
Ca1H24N303 366.1818, Found 366.1816.

1-(5-(Benzyloxy 4-nitrophenyl)pentan-2-yl
methyl-1H- |m|d)azo§e (7fm)_| Compound %fm was
synthesized from 4-methyl-1H-imidazole (2m, 39.4 m
0.480 mmol) and gE) -1- (5 Z(benzylox )pent 1-en-1- yI)- -
nitrobenzene (6f, 11 0.400 mmoI)/m 72% yield (110
mg, 0.290 mmol) as a yellow oil. The crude product was
R/Lljrlfled using silica gel column chromatograp hg/ (10%
eOH in EtOAcC). IR neatg 2862{ ) 2800f3 05( g
1512 (s), 1443 ém ), 1342 (s), 1281 1157 1111
1011 r|r_1‘) 926 (m), 856( ), 733 (S) cm; TH NMR (CDCls,
400 z)|8806 J =85 Hz, 2H)738729(m 5H),
7.08 (s, 1 2 7.03 (d, J = 8.8 Hz, 2H , 6.59 (s, 1H), 4.46 (s,
2H), 4.09- }Sm 1H) 3.48-3.40 (m, 2H), 3.11 (dd, J =
139 4.9 Hz, 1H), 3.00 (dd, J = 13. , 9.3Hz, 1H) 2.19 (s,
3H), 2.02-1.90 (m, 2H) 1.53-1.50 (m 2H) C NMR

DCI3 100 MHz): & 146.9, 145.1, 139.1, 138.2, 135.7,
29.6, 128.5, 127.8, 127.7, 123.8, 112.4, 73.0, 69.2, 59.3,
42.8,32.5,26.0, 13.7; HRMS (ESI) m/z: [M+H]+Calcd for
C22H2sN303 380.1974, Found 380.1970.

1-(6-Chloro-1-(4- nltrophenal_)hexan -2-yl)-4-methyl-1H-
imidazole (7gm). Compound 7gm was synthesized from 4-
methyl-1H-imidazole (2m, 39.4 mg, 0.480 mmol) and (E)-
1- 56 -chlorohex-1-en-1-yl)- -4-nitrobenzene (869, 95.9 mg,
00 mmol) in 70% yield (90.1 mg, 0.280 mmol) as a
yellow oil. The crude product was purified using silica gel
column chromatogra hc\)/ (10% MeOH in EtOAC). IR (neat):
2947 (m) 2870 ( m) 605 (m), 1558 (w), 1520( 1450é
1342 (s), 1265 (s), 1157 ( I\) 1111 E () 1065 (w), 856
818 (m), 733 (s cm?; 1H 3,400 MHz 5 8.10
d, J—87Hz ZHZ 716 (s, 1H% 7.08 (d, J = 8.2 Hz, 2H),
61 (s, 1H), 4.08-4.03 (m, 1H) 51-3.4 (m 2H), 3.15 (dd,
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J 13.7, 5.0 Hz, 1H), 3.05 (dd, J = 13 zll—||_) 2.22
s, 3H), 1.88 (q, J = 7.6 Hz, H)l 12 ), 13C
NMR (CDCls, 100 MHz): & 147.0, 144.8, 393 135.5,

129.6, 123.8, 112.4, 59.5, 44.4, 42. 9,’34.8 31.9, 234, 13.8;
HRMS (ESl) m/z l\/|+H]+ Calcd for C16H21C|N302
322.1322, Found 322.1331.

4-Methyl-1- (q (4- nltrophen3/7)undec -10-en-2-yl)-1H-
imidazole (7hm). Compound 7hm was s nthe5|zed from 4-
methyl-1H-imidazole (2m, 39.4 mg, 0.480 mmol) and (E)-
1-nitro-4-(undeca-1,10- dien-1- yI)benzene (6h, 109 mg,
0.400 mmol) in 87% yield (124 mg, 0.349 mmol) asayellow
oil. The crude product was ur|f|ed using silica gel column
chromatography (&0% MeOH in EtOAc? IR (neat): 2932
m), 2862 (m), 1605 (m), 1597 (s), 1520 (s), 1481 (m), 1342
s), 1250( ) 1203 s), 1149 (s S) 1111 (m), 1065 (m) 972
m), 941 702 856 (m 818 Ss) 41|(m) cm1 1H
NMR (C I, 400 16 8.0
7(d,J= 87Hz 2H), 660(15 1H), 579(_'dt J-
,6.7 Hz, 1H)498 (dd, J=17.0,2.3Hz,1 3493
02 2.3 Hz, 1H), 4.03 (tt, J=8.9. 5.5 Hz, 1H), 3.12
3.8, 4.6 Hz, 1H) 3.03 (dd, J=138,9.1Hz, 1H;
( 3H), 2.02 ( q1 J =7.2 Hz, 2H), 1.84-1.80 (m, 2H
1.36-1.12 (m 10H); 3C NMR CDCI3 100 MHz): 6 146.9,
145.1,139.0, 135.5, 129.6, 123.8, 123.8, 114.2, 112.4, 59.6,
42.9, 355, 33.7, 29.1, 29.0, 28.9, 28.7, 26.0, 13.8; HRMS
g%%l%srg/lz: [M+H]* Calcd for Co1H30Ns0, 356.2338, Found

(2)-4- Meth_}ll -1-(1-(4-nitrophenyl)dec-7-en-2-yl)-1H-
imidazole (7im). Compound 7im was synthesized from 4-
methyl-1H-imidazole (2m, 39.4 mg, 0.480 mmol) and 1-
6(1E Z)-deca-1,7-dien-1- yI) -4-nitrobenzene (6i, 104 mg,

400 mmol) in 85% yield (116 mg, 0.340 mmol) as a yellow
oil. The crude product was urified using silica gel column
chromatography (10% MeOH in EtOAc? IR (neat): 2939
m), 2862 (m 1605 (m), 1520 (s), 1450 (m), 1342 (s) 1288
m), 1157 (m), 1111 (m), 1072 (W). 1003 (W). 972 tw). 856
S). 810 (m). 741 (s). 702 (s) ecml: I1H NMR (CDCl=. 400
MHZ2): § 8.08 (d. 3 =8.7 Hz. 2H). 7.09 (s. 1TH). 7.06 (d. J =
8.7 Hz. 2H). 6.59 (s. 1H). 5.36-5.32 (m. 1H). 5.27-5.22 (m.
1H). 4.05-3.98 (m. 1H). 3.11 (dd. J =13.8. 5.1 Hz. 1H). 3.02
(dd. 3 =13.8. 9.1 Hz. 1H). 2.20 (s. 3H). 2.02-1.94 (m. 4H).
1.85-1.80 (m. 2H). 1.33-1.20 (m. 4H). 0.92 (t. 7.5 Hz. 3H):
13C NMR (CDCl-. 100 MH2): § 146.9. 145.1, 139.1, 135.5;
132.1,129.6,128.3,123.8,112.4,59.5,42.9,35.4, 29.1, 26.7,
25.6, 20.5, 14.3, 13.9; HRMS (ESI) m/z: [M+H]+ Calcd for
CaoH2sN302 342.2182, Found 342.2186.

1-(1-(2-Chloro-4-nitrophe C}/_z)butan -2-yl)-4-methyl-1H-
imidazole (7jm). Compound 7jm was synthesized from 4-
methyl-1H-imi azole §2m 39.4 mg, 0.480 mmol) and (E)-
1 but-1-en-1-y 3 -2-chloro-4-nitrobenzene (6j, 84.7 mg,
00 mmol) in 85% yield (100 mg, 0.340 mmol) as ayellow
oil. The crude product was urlfled using silica gel column
chromatography (10% MeOH in EtOAc). IR (neat) 2970
) 2878 m) 1589 ) 1520 (s), 1350 (s), 1242 (s), 1157
m), 1119 (m), 1041 895 (mg 810 (s) 733 (s) cm; 1H
NMR (CDCl3, 400 MHz): & z, 1H), 7.01
dd, J = 8.2, 2.3 Hz, 1H) 7.11 (s, 1H) 694 d =8.2 Hz,
H), 6.62 (s, 1H), 4.07 (dg, J = 9.4, 4.7 Hz, 1 337 (dd, J
-137 4.6 Hz, 1H) 3.02 (dd, J = 13.5, 9.8 Hz, 1H 219(s
[)) 1.95- 190|\£m ZHE)) 0.89 (tJ= 7.3 Hz, BH% C NMP
Cl;, 100 MHz 1473 142.6, 139.1, 135.6, 134.6,
31.4, 124.7, 1218 112.3, 59.1, 40.7, 28.8, 13.8, 10.6:
HRMS (ESI) miz: %M+H]+ Calcd for CisH17CIN5O;
294.1009, Found 294.1013.

M

1-(1-(2-Fluoro-4- mtrophenyl)butan -2-yl)-4-methyl-1H-
imidazole (7km). Compound 7km was s%/nthesued from 4-
methyl-1H-imidazole (2m, 39.4 mg, 0.480 mmol) and (E)-
1- Z(but 1-en-1-yl)-2-fluoro- 4- mtrobenzene (2 8.0 mg
00 mmol) in 82% yield (91.0 mg, 0.328 mmol) as a
yellow oil. The crude product was purified using silica gel
column chromatograp hg (10% MeOH in EtOAC). IR (neat):
2970 (m), 2878 (m), 1605 (m), 1528 (s), 1435 (w), 1420 (w),
1350 (s), 1234 (m), 1165 (m 1072 m), 1003 ( m) 949 (m),
879 (m), '810 (s) 42 (s) c 1H NM (CDCI3, 400 MHz):
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6 7.88 gdd, J =9.6, 2.3 Hz, 1H%, 7.84 (dd, J = 8.7, 2.3 Hz,
1H), 7.14 (s, 1H), 6.97 (t, J = 8.2 Hz, 1H), 6.62 (s, 1H), 4.02
tt,J=9.5,4.9 z,lH) 3.24 (dd, J=14.0, 4.3 Hz, 1H), 2.97
dd, J =14.4, 9.8 Hz, 1H), 2.17 (s, 3H 1.93-1. 81 (m, 2H)
.86 (t, J = 7.3 Hz, SHZ, 13C NM 'DCl5, 100 MHZ%
160.2 (Jcr = 250 Hz), 147. (cp— .6 Hz), 138.9, 135.5,
132.2 Jcr =164 HZZ 131 (JCF—58HZ 119.3 (JC.F:
3.9Hz h1124 111.2 (Jo.r = 27.9 Hz), 59.8, 36.3, 28.7, 13.7,
10.6; HRMS (ESI) m/z: [M+H]* Calcd for CiH1:FN3O;
27 8 1305, Found 278.1298.

N-(1-(2-Chloro-4-nitrophenyl)butan-2-yl)-4-
methoxyaniline g ). Compound 8 was synthesized from 4-
methoxyaniline (2a, 59.1 mg, 0.480 mmol) and (E)-1-(but-
1-en-1-yl)-2-chloro-4- nltrobenzene (6j, 84.7 mg, 0.400
mmol) |n 78% yield (104 mg, 0.311 mmol) as a yellow solid.
The crude product was urified using silica”gel column
chromato raph (EtOAC:hexanes = 1% -56 °C;
gneat) 3394 (w), 2970 (m), 2932 (m), 2862 (w), 1682 (w
512 (s), 146 w) 135 (5) 1242 (m) 1180 » 1119 (m),
1041 (m), 895 (MY, 8 mf LN NMR( DCls,
400 MHz): 6 8.2 (d : 3Hz H%SOl (dd, J=8.5,23
Hle) 41dJ 8.0 Hz, 1H), 6.74 (d, J = 87H22H)
652(_| Hz, 2H) 3.73 (s, 3H), 63 (quint, J = 6.4
Hz, 1 323(brs 1H), 3.07-2.98 (M, 2H), 1.69-1.59 (m,
2 d umt J=14.1,72Hz 1 ) 100(t J=17.5Hz,

13C N CDCI3, 100 MHZ) 6 152.1, 146.7, 145.1,

4 135.0, 132.0, 124.5, 121.5, 114.9, 114.6, 55.7, 55.6,
389 27.8, 10.7; HRMS (ESI); m/z %M+H]+ Calcd for
C17H20C|N203 335 1162, Found 335.1158.

gxperimental procedure for Pd-catalyzed cyclization of

2-Ethyl-1-(4-methoxyphenyl)-6-nitroindoline (9). In _a
glove box, trls(dlbenzyl|deneacetone) dlpalladlum 0) (2.70
mg, 2.98 , 1,3-bis(2,4, 6-
trlmethylphenyl)lmldazollum chlorlde 2 0 mg, 5.97 x 10
mmol) and NaOt- BuéS .6 mg, 0.0896 mmol) were added into
a vial (8 mL) charged with a magnetic bar, and the vial was
sealed with a cap (phenolic open top cap with ray
PTFE/silicone). After being removed from the glove
the vial was purged with N gas for 10 min, and 1,4- dloxane
(0.2 mL) was added. And then a solution of aminated
product 8 (20.0 mg, 0.0597 mmol) in 1,4-dioxane (0.2 mL)
was added at 0 °C The phenolic open- top cap was changed
to a closed cap and the reaction mixture was heated at 110 °C
and stirred for 12 h. The mixture was filtered through a plug
of silica gel and washed with CH2Cl2. The organic filtrate
was concentrated in vacuo. The crude product was purified
using silica gel column chromatography (EtOAC:hexanes =
1:3) to afford 2-ethyl-1 ﬁ4 methoxyphenyl)-6-nitroindoline
9, 14.3 mg, 0.0479 mmol, 81% vyield) as a yellow solid. mp
9 60 °C; IR (neat): 2978 (m), 287 (m), 2839 (w), 1620
, 1512 (s) 1443 (w), 1381 (W), 1342 (s), 1288 (m), 1242
m , 1180 (w), 1119 (m) 1072 (W) 103 (m) 949 (W 849
4810 Sm) 741 (s) cmt; 'H NMR CDCI3, 400 MHz): &

dd, J=8.0, 2.3 Hz, 1H)718(_|d 87Hz 2H ,7.16-
7.13 (m, 2H), 6.98 (d, J = 9.1 Hz, 2H}), 4.22 (q 2,3.2
Hz, 1H), 3.86 (s, 3H), 3.30 (dd, J = 16.7, 8. Hz 1H), 2.90
(ddd, 3= 16.9, 96, 1.4 Hz, 1H), 1.76 (ddd, J = 13.7, 7.3, 3.2
Hz, 1H), 1.61-1.53 (m, 1H), 0.91 (t, J = 7.5 Hz, 3H); °C
NMR (CDCls, 100 MHz): & 157.4, 152.5, 148.4, 136.6,
134.8, 264 124.1, 115.1, 1136, 100.8, 67.3, 55.5, 33.8,

26.2, HRMS [M+Na]*

éEI—) m/z: Calcd for
Cl7H18N2N3.03 321.121 ound 321.1215.
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FULL PAPER

Copper-Catalyzed Intermolecular Hydroamination

of Arylamines or Aza-Heterocycles with e [\ i
. - - xR S )
Nitrostyrene Derivatives @(V e | 27X
O,N x R=H,alkyl CuCl (57 mol %) h’,\)\
= + y KOt-Bu (5-7 mol %) /@\/\R( -
Adv. Synth. Catal. Year, Volume, Page — Page N MeOH (1 equiv), toluene, 80 °C NO7 7 X
SxoON 42 examples
H o Y,z=HN up to >98% yield

o anti-Markovnikov selectivity e high yields e broad substrate scope
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