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a b s t r a c t

Intermolecular hydroamination of vinylarenes and anilines was studied using zinc triflate as catalyst.
NMR experiments supported a Lewis acid activation of the C@C double bond. Electronic/steric effect
study indicated that Lewis acidity of the catalyst as well as the coordination property of the amine were
the governing factors for successful hydroamination of the substrates. More nucleophilic amine would
bind more tightly to the central metal, leading to an unproductive coordination. Approach of bulky amine
to C@C bond would be hindered, and an alternative electrophilic substitution on benzene ring of the
amine would become the major reaction. Electrophilic substitution would become predominant when
strong electron-donating group is presented on aniline benzene ring.

� 2011 Elsevier Ltd. All rights reserved.
Nitrogen-containing compounds have been found extensive
application in medicinal chemistry, and significant efforts have
been made toward the synthesis of these types of important com-
pounds.1 Traditional synthesis of nitrogen-containing compounds
would involve multistep functional group transformations, and in
many cases are proved to be problematic due to the normally harsh
reaction conditions involved. Many state-of-the-art methods have
been developed for C–N bond formations, and hydroamination of
C–C multiple bonds is among the most straightforward and atom
economical methods for the construction of C–N bonds and related
heterocyclic skeletons.2

Due to the electron-rich property of both the substrates and the
nucleophiles, hydroamination of unfunctionalized olefins is gener-
ally difficult in the absence of a catalyst. An ideal catalyst should
bear balanced steric and electronic effects to ensure an effective
activation of C@C bond, and also a free amino group which is
nucleophilic enough for a meaningful hydroamination reaction.

In addition to their successful application in nucleophilic addi-
tion reactions,3 some zinc related materials such as zinc triflate,4

zinc-exchanged montmorillonite clay,5 or aminotroponiminate
methyl/ethyl zinc complexes6,7 were also found effective in hydro-
amination of different aminoalkenes and aminoalkynes. However,
to the best of our knowledge, there is no report on zinc salt-cata-
lyzed homogeneous intermolecular hydroamination of unactivated
alkenes with amines. Detailed study is therefore required to fully
ll rights reserved.
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understand the electronic/steric factors governing the performance
of the catalysts.

We are interested in developing efficient and practical method
for both intra- and intermolecular hydroamination of unfunction-
alized olefins, and it is our first purpose to fully understand the
electronic/steric factors which are important for successful hydro-
amination reactions. In this communication, we wish to report our
preliminary results on zinc salts-catalyzed intermolecular hydro-
amination of vinylalkenes with anilines.

Reaction between styrene and aniline was first chosen as a
model reaction to study the effects of Lewis acidity of the zinc salts
on the course of reaction, and the results are summarized in Table
1. Reported conditions such as solvent, reaction temperature, cata-
lyst loading, and reaction time were first adopted, and our preli-
minary results supported a Lewis acid-catalyzed mechanism.8

Entries 1–7 in Table 1 indicated that relatively higher yields were
observed for stronger Lewis acidic catalysts, and zinc dust or zinc
hydroxide did not promote any reaction (entries 1 and 2). Zinc tri-
flate was proved to be the most suitable catalyst in the current
reaction system, other substrates and anilines were then tested
with Zn(OTf)2 under the current conditions. Higher yield was ob-
served at higher catalyst loading (Table 1, entry 8), and coordina-
tion solvent such as dioxane was inappropriate for this type of
reaction (Table 1, entry 9). Reaction carried out in xylene at higher
temperature failed to give a good yield (Table 1, entry 10), possibly
due to the deterioration of the substrate at the refluxing tempera-
ture. Only trace amounts of product were detected when trifluoro-
sulfonic acid (HOTf) was used as the catalyst (Table 1, entry 11),
indicating that zinc triflate was responsible for the hydroamination
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Table 1
Hydroamination of styrene (1a) with aniline (2a) under different reaction conditionsa

NH2
HN

NH2 Me

1a 2a 3a 4a

 Catalyst
+ +

Me

Entry Zn source Catalyst (mol %) Solvent T (�C) Yield 3ab (%)

1 Zn 10 Toluene 130 —
2 Zn(OH)2 10 Toluene 130 —
3 ZnSO4�7H2O 10 Toluene 130 6
4 ZnCl2 10 Toluene 130 9
5 ZnI2 10 Toluene 130 15
6 Zn(OAc)2 10 Toluene 130 8
7 Zn(OTf)2 10 Toluene 130 32
8 Zn(OTf)2 20 Toluene 130 46
9 Zn(OTf)2 20 Dioxane 100 12
10 Zn(OTf)2 20 Xylene 160 22
11 HOTf 20 Toluene 130 <2

a Reagents and conditions: aniline (1.1 mmol), styrene (1 mmol), catalyst in
solvent (1.0 mL), 24 h.

b Isolated yield.
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product. This is also in good agreement with the observations
made by Schlummer and Hartwig that the intramolecular addition
of amines without an electron-withdrawing group did not occur
using concentrated sulfuric acid.9

Different vinylarenes and anilines were then subjected to inter-
molecular hydroamination under the optimized conditions, and
the results were listed in Table 2.10 In addition to the expected
hydroamination products, hydroarylation (Friedel–Crafts) products
were also observed in some cases. For the reactions studied, the
selectivity between hydroamination and hydroarylation depended
on the nucleophilicity of the aniline nitrogen atom: electron-with-
drawing group substituted anilines increased the chemoselectivity
and favored the hydroamination products, and electron-donating
group substituted aniline increased the amount of hydroarylation
of the substrates (entry 1 vs 2–4, entries 2–4 vs 6, and entry 7 vs
Table 2
Hydroamination reaction of different vinylarenes and anilinesa

NH2

R1

20 mol% Zn(OTf)2

toluene 130 °C
R2

1 2 3

+ HN

Me

R2

Entry R1 R2 Yield 3b (%)

1 H (1a) H (2a) 46 (3a)
2 H (1a) p-F (2b) 28 (3b)
3 H (1a) p-Cl (2c) 26 (3c)
4 H (1a) p-Br (2d) 45 (3d)
5 H (1a) p-NO2 (2e) 24 (3e)
6 H (1a) p-OMe (2f) —
7 F (1b) H (2a) 27 (3g)
8 Br (1c) H (2a) 31 (3h)
9c OMe (1d) H (2a) 35 (3i)
10c OMe (1d) p-OMe (2f) 55 (3j)
11 F (1b) p-OMe (2f) 20 (3k)

a Reaction conditions: aniline (1.1 mmol), styrene (1 mmol), 20 mol % Zn(OTf)2 in solv
b Isolated yield.
c Reaction time 12 h.
11). Substituents on vinylarenes also showed strong effect on the
course of the reaction. The reaction proceeded much faster for elec-
tron-donating group substituted olefins than for electron-with-
drawing group substituted substrates (entries 7 and 8 vs 9), the
former produced mainly para-substituted hydroarylation product,
and ortho-substituted hydroarylation products were obtained for
the latter (entry 9 vs 8). This is also in agreement with our preli-
minary calculation of the charge distributions on the benzene
ring.11

To confirm if the hydroarylation product was formed through
an electrophilic process or through Hofmann–Martius rearrange-
ment12 of the formed hydroamination product, the reaction be-
tween styrene and aniline was carried out, and the ratio of 3a to
4a was monitored at different stage of the reaction. The result
showed that this ratio remained almost unchanged during the
course of the reaction, and was not significantly influenced by
reaction temperature. This indicated that hydroarylation product
was formed through a Friedel–Crafts reaction of the substrate in
competition with hydroamination. A control experiment demon-
strated that isolated 3a did not undergo a Hofmann–Martius rear-
rangement13 under reaction conditions (Scheme 1). This is in
contrast to proton14 and TiCl4

15 catalyzed reactions where pro-
longed reaction time favored the formation of hydroarylation
products.

NMR experiments were carried out to study the possible inter-
action between C@C bond and Zn(OTf)2. When equal equivalents of
styrene and zinc triflate were mixed in CDCl3, a down field shift of
0.1 ppm was observed for C@C proton signals (d 7.03, 6.06,
5.55 ppm in the absence of zinc triflate versus d 7.13, 6.17 and
5.65 ppm in the presence of zinc triflate, respectively), indicating
a possible p-coordination of C@C double bond to Zn(OTf)2. Similar
down field shifts were also observed in 13C NMR experiments: the
chemical shifts for olefin bond: @CH2 113.93 and @CH–
137.04 ppm without zinc triflate moved to 114.06 and
137.30 ppm, respectively when equal equivalents of zinc triflate
were added. Though weak the interaction may be, it is strong
enough for a nitrogen atom to undergo a nucleophilic attack on
the C@C double bond of the substrate when the electron-donating
property of the substituent on aniline is not strong enough to
NH2 Me

R1
R2

NH2

Me

R2

R1

4 5

+ +R1

Yield 4b (%) Yield 5b (%) Yield 3 + 4 + 5b (%)

31 (4a) — 77
15 (4b) — 43
19 (4c) — 45
16 (4d) — 61
— — 24
57 (4f) — 57
— — 27
17 (4h) — 48
— 42 (5i) 77
31 (4j) — 86
53 (4k) — 73

ent (1.0 mL), 24 h.



δ+

δ-

Zn(OTf)2Zn(OTf)2

1

2

3

HN

Me

NH2

Scheme 2. A tentative reaction pathway leading to the hydroamination product.
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Scheme 1. Thermo-stability study of the hydroaminated product 3a.
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trigger an electrophilic substitution on the aromatic ring. This also
accounts for the Friedel–Crafts products for strong electron-donat-
ing group substituted anilines.

When N-substituent was presented in aniline, the reactivity of
the nitrogen atom was decreased due to the increased bulkiness,
and an electrophilic substitution on aniline could then occur, lead-
ing to the formation of by-products 4 and 5. This process could be
strengthened when electron-donating group is presented on the
benzene ring of aniline.16 In these cases, electrophilic substitution
overrides the hydroamination and becomes the major reaction.
Aliphatic amines such as benzylamine or morpholine failed to un-
dergo hydroamination or hydroarylation reaction possibly due to
the strong coordination to the central metal, leading to an unpro-
ductive substrate binding as well as the deactivation of the ben-
zene ring for further electrophilic substitution.17 This was also
supported by NMR experiments: NMR signals for aniline were
almost unchanged when it was mixed with zinc triflate, while a
down field shift was observed when 4-chlorobenzylamine was
mixed with zinc triflate.18 The preliminary NMR experiments indi-
cated that free amino groups were presented in anilines, while
aliphatic amines such as benzylamines coordinated more tightly
to zinc triflate, rendering the nitrogen atom less nucleophilic for
further hydroamination of the C@C bond.

On the basis of these observations, a tentative reaction pathway
could be proposed as shown in Scheme 2. The C@C double bond
was activated upon zinc coordination, and a subsequent nucleo-
philic attack of the aniline nitrogen atom gave the expected prod-
uct 3. Hydroarylation would become predominant when the
aniline benzene ring was further activated by the additional elec-
tron-donating groups such as alkoxyl groups.

In summary, Zn(OTf)2 can be used to promote intermolecular
hydroamination of unactivated alkenes such as styrenes with ani-
lines, and some functional groups could be tolerated in both sub-
strates and nucleophiles. When strong electron-donating groups
are presented, hydroarylation would occur as a competing reac-
tion. This process could be enhanced with secondary amines and
the presence of strong electron-donating groups on the aniline
benzene ring. Preliminary NMR experiments supported the activa-
tion of the C@C double bond by zinc triflate through p-coordina-
tion, and a possible reaction pathway could be proposed on the
basis of these observations. Further studies on the details of the
reaction mechanism and the improvement of the chemoselectivity
are in good progress.
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