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Abstract
A versatile and highly atom economical catalytic system consisting of [Cp*IrCl2]2/NaHCO3 (Cp*¼pentamethylcyclopentadienyl) for the
N-alkylation of amines with primary and secondary alcohols as alkylating reagents has been developed. For example, the reaction of equimolar
amounts of aniline and benzyl alcohol in the presence of [Cp*IrCl2]2 (1.0 mol % Ir) and NaHCO3 (1.0 mol %) in toluene at 110 �C gives
N-benzylaniline in 94% yield. The present catalytic system is applicable to the N-alkylation of both primary and secondary amines, and only
harmless water is produced as co-product. A wide variety of secondary and tertiary amines can be synthesized with high atom economy under
mild and less-toxic conditions. One-pot sequential N-alkylation leading to tertiary amines bearing three different substituents is also described.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

The development of versatile and efficient methods for the
synthesis of amines has still been an active area of research,1

because a variety of amines play an important role in many
fields of organic chemistry including such as biological, me-
dicinal, agrochemical, dyes, and polymer chemistry. In recent
years, a number of transition metal catalyzed reactions for the
synthesis of amines, such as hydroamination of alkenes or al-
kynes,2 and amination of aryl halides,3 have been developed.
On the other hand, there have been a couple of traditional
methods for the synthesis of amines: the N-alkylation with
alkyl halides4 and the reductive amination with carbonyl com-
pounds.5 However, these conventional reactions suffer disad-
vantages as follows; (1) the use of alkyl halides or strong
reducing reagents is undesirable from an environmental point
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of view and (2) these reactions generate equimolar amounts of
wasteful salts as co-products.

The N-alkylation of amines with alcohols (Scheme 1) is an
attractive candidate for the synthesis of amines because, (1) it
does not generate any harmful and/or wasteful co-products
(only H2O as co-product), (2) alcohols are more readily avail-
able than corresponding halides or carbonyl compounds in
many cases, and (3) if the reaction proceeds efficiently by
the employment of equimolar amounts of starting materials,
extremely high atom economical system6 can be realized.
Although several catalytic systems for the N-alkylation of
amines with alcohols have been studied using ruthenium7

and other transition metal catalysts,8e10 most of them require
Scheme 1.
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a high reaction temperature (>150 �C) and/or an excess use of
alcohols to obtain high yields of the product. Additionally, ap-
plicable amines and alcohols are relatively restricted; there
have been no reports on the efficient systems for the N-alkyl-
ation with secondary alcohols.11

In the course of our studies on the chemistry of pentamethyl-
cyclopentadienyl (Cp*) iridium complexes,12 we found their
high catalytic activities toward hydrogen transfer reactions
including the Oppenauer-type oxidation of alcohols,13 car-
bonenitrogen bond formations,14 and carbonecarbon bond for-
mations.15 In this paper, we wish to report a full account of
Cp*Ir-catalyzed N-alkylation of primary and secondary amines
with primary and secondary alcohols.16 As described below,
a variety of amines can be synthesized in atom economical
manner under mild and less-toxic conditions.
2. Results and discussion
2.1. Reaction of aniline with benzyl alcohol: optimization
of the reaction conditions
Table 2

N-Alkylation of anilines with various primary and secondary alcoholsa

Entry Amine Alcohol Catalyst (mol % Ir) Yieldb (%)

1 1.0 94

2c,d 3.0 88
Initially, we studied the reaction of aniline with benzyl alco-
hol as a model reaction. The reaction was carried out using equi-
molar amounts of aniline and benzyl alcohol in toluene (0.1 mL)
in the presence of [Cp*IrCl2]2 as catalyst (1.0 mol % Ir) and
base (1.0 mol %) at 110 �C for 17 h.17 The results are summa-
rized in Table 1. In each reaction, mono-alkylated N-benzylani-
line was formed selectively; no formation of di-alkylated
N,N-dibenzylaniline was observed. When the reaction was car-
ried out without a base, N-benzylaniline was formed in 32%
yield (entry 1). The reaction was considerably accelerated by
the addition of a weak base (entries 2e5 and 8). When the reac-
tion was carried out in the presence of NaHCO3, N-benzylani-
line was formed in an excellent yield (94%), which we
Table 1

N-Alkylation of aniline with benzyl alcohol catalyzed by [Cp*IrCl2]2 and

various basesa

Entry Base Yieldb (%)

1 None 32

2 NaHCO3 94

3 Na2CO3 85

4 KHCO3 82

5 K2CO3 85

6 Li2CO3 40

7 Cs2CO3 11

8 CH3COONa 83

9 NaOtBu 1

10c NaHCO3 67

a The reaction was carried out with aniline (1.0 mmol), benzyl alcohol

(1.0 mmol), [Cp*IrCl2]2 (0.0050 mmol, 1.0 mol % Ir), and base (0.01 mmol,

1.0 mol %) in toluene (0.1 mL) at 110 �C for 17 h.
b Determined by GC.
c The reaction was carried out without solvent.
considered to be the choice of the base (entry 2). Other weak ba-
ses, such as Na2CO3, KHCO3, K2CO3, and CH3COONa, were
also effective (entries 3e5 and 8), while Li2CO3 was not (entry
6). On the other hand, addition of stronger bases, such as
Cs2CO3 and NaOtBu, retarded the reactions (entries 7 and 9).
We also examined the reaction in the absence of solvent using
NaHCO3 as a base; however, the yield was moderate (entry 10).
2.2. N-Alkylation of anilines with primary and secondary
alcohols
On the basis of the optimization of the reaction conditions,
N-alkylation of anilines with various primary and secondary
alcohols was conducted. The results are summarized in Table
2. The reactions of aniline with primary alcohols (benzyl alco-
hol, 2-phenylethanol, and 1-octanol) resulted in the selective
mono-alkylation in high to excellent yields (entries 1e3), al-
though the reaction with 2-phenylethanol required higher tem-
perature to obtain a high yield (entry 2).18 When the reaction
of aniline with 1-octanol was performed using an excess
amount of 1-octanol (2.6 equiv) in the presence of 5.0%
3 2.0 97

4e 5.0 63þ36f

5c 3.0 91

6 1.0 93

7 3.0 92

8 1.0 94

9 1.0 92

a The reaction was carried out with aniline (1.0 mmol), alcohol (1.0 mmol),

[Cp*IrCl2]2 (1.0e3.0 mol % Ir), and NaHCO3 (same equivalent as that of the

iridium catalyst) in toluene (0.1 mL) at 110 �C for 17 h.
b Isolated yield.
c At 130 �C.
d K2CO3 was used as base.
e The reaction was carried out using aniline (1.0 mmol), 1-octanol

(2.6 mmol), [Cp*IrCl2]2 (5.0 mol % Ir), and K2CO3 (5.0 mol %) in toluene

(0.5 mL) at 110 �C for 40 h.
f N-Octylaniline (63%) and N,N-dioctylaniline (36%) were isolated.



Table 4

N-Alkylation of benzylamine, phenethylamine, and octylamine with primary

and secondary alcoholsa

Entry Amine Alcohol Catalyst (mol % Ir) Yieldb (%)

1 1.0 93
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catalysts for 40 h, the di-alkylated product was obtained in
36% yield along with the mono-alkylated product (63%) (en-
try 4), indicating that the second alkylation is sufficiently slow.
Secondary alcohols such as 2-octanol, cyclopentanol, and cy-
clohexanol were also good alkylating reagents; N-(2-octyl)ani-
line, N-cyclopentylaniline, and N-cyclohexylaniline could be
obtained in excellent yields (entries 5e7). Anilines bearing
methoxy and chloro substituent were also applicable to this
N-alkylation system (entries 8 and 9). The reactions using ter-
tiary alcohol (tert-butyl alcohol) and phenol were also exam-
ined; however, those resulted in no reaction.
2 1.0 80

3c 1.0 86
2.3. N-Alkylation of aniline with benzyl alcohols bearing
functional groups
4d 5.0 80e

5 2.0 86

6c 1.0 98

7 3.0 86

8f 3.0 71

9g n-C8H17NH2 3.0 76

a

To evaluate the usefulness of the present N-alkylation sys-
tem, the reactions of aniline with benzyl alcohols bearing
various functional groups were explored. The results are sum-
marized in Table 3. Methyl, methoxy, chloro, bromo, nitro,
cyano, and ester substituents were tolerant in the present
N-alkylation system. All of these reactions resulted in the
selective formation of mono-alkylated aniline in high to excel-
lent yields. Even with a benzyl alcohol bearing a substituent at
ortho-position, the reaction proceeded in an excellent yield
(entry 2). In the reactions using benzyl alcohols with elec-
tron-withdrawing substituents, relatively larger amounts of
the catalyst were required to obtain high yields (entries 6e9).
The reaction was carried out with primary amine (1.0 mmol), alcohols

(1.0 mmol), [Cp*IrCl2]2 (1.0e3.0 mol % Ir), and NaHCO3 (same equivalent

as that of the iridium catalyst) in toluene (0.1 mL) at 110 �C for 17 h.
b Isolated yield.
c

2.4. N-Alkylation of benzylamine, phenethylamine,
and octylamine with primary and secondary alcohols
At 90 �C.
d The reaction was carried out using benzylamine (1.0 mmol), 1-octanol

(2.6 mmol), [Cp*IrCl2]2 (5.0 mol % Ir), and K2CO3 (5.0 mol %) in toluene

(0.5 mL) at 110 �C for 40 h.
e N,N-Dioctylbenzylamine (80%) was isolated.
f At 130 �C.
g At 100 �C for 40 h.
We also examined the N-alkylation of other primary amines.
The results are summarized in Table 4. The reactions of
benzylamine with several primary and secondary alcohols
proceeded in good to excellent yields (entries 1e6). In the
reactions using 1-octanol and cyclohexanol (entries 3 and
Table 3

N-Alkylation of aniline with benzyl alcohols bearing functional groupsa

Entry R Catalyst (mol % Ir) Yieldb (%)

1 4-Me 1.0 92

2 2-OMe 2.0 93

3 3-OMe 2.0 97

4 4-OMe 1.0 92

5 4-Cl 1.0 96

6 4-Br 3.0 98

7 4-NO2 3.0 84

8 3-CN 3.0 87

9 4-COOMe 3.0 96

a The reaction was carried out with aniline (1.0 mmol), benzyl alcohols

(1.0 mmol), [Cp*IrCl2]2 (1.0e3.0 mol % Ir), and NaHCO3 (same equivalent

as that of the iridium catalyst) in toluene (0.1 mL) at 110 �C for 17 h.
b Isolated yield.
6), high yields were obtained even at lower temperature
(90 �C).19 When the reaction of benzylamine with 1-octanol
was performed using an excess amount of 1-octanol
(2.6 equiv) in the presence of 5.0% catalysts for 40 h, N,N-
dioctylbenzylamine was obtained in 80% yield (entry 4), in-
dicating that di-alkylation of benzylamine is easier than that
of aniline (see entry 4 in Table 2).20 Phenethylamine and
octylamine could be also alkylated by the present catalytic
system, although relatively higher catalyst loading and/or
higher reaction temperature were required (entries 7e9).
2.5. N-Alkylation of various secondary amines with
benzyl alcohol
We next turned our attention to the N-alkylation of second-
ary amines with alcohols. At first, the reactions of various sec-
ondary amines with benzyl alcohol catalyzed by [Cp*IrCl2]2/
NaHCO3 were studied. The results are summarized in Table
5. In the alkylation of secondary amines, basicity and steric



Table 5

N-Alkylation of various secondary amines with benzyl alcohola

Entry Amine Catalyst (mol % Ir) Yieldb (%)

1 4.0 91

2 1.0 95

3 2.0 87

4 3.0 75

5 5.0 81

6 1.0 92

7 2.0 93

8 5.0 83

9 5.0 72

a The reaction was carried out with secondary amine (1.0 mmol), benzyl

alcohol (1.0 mmol), [Cp*IrCl2]2 (1.0e5.0 mol % Ir), and NaHCO3 (same

equivalent as that of the iridium catalyst) in toluene (0.1 mL) at 110 �C for 17 h.
b Isolated yield.

Table 6

N-Alkylation of N-methylaniline, N-methylbenzylamine, pyrrolidine, and

dibutylamine with various primary and secondary alcoholsa

Entry Amine Alcohol Catalyst (mol % Ir) Yieldb (%)

1c 5.0 66

2 4.0 83

3 1.0 88

4 1.0 95

5 4.0 44

6 5.0 77

7d 2.0 96

8e 5.0 88

9f,g 3.0 91h

a The reaction was carried out with secondary amine (1.0 mmol), alcohol

(1.0 mmol), [Cp*IrCl2]2 (1.0e5.0 mol % Ir), and NaHCO3 (same equivalent

as that of the iridium catalyst) in toluene (0.1 mL) at 110 �C for 17 h.
b Isolated yield.
c At 130 �C.
d 1-Octanol (2.0 mmol) was used.
e Pyrrolidine (2.0 mmol) and 4.0 mmol of cyclohexanol were used.
f 1-Butanol (5.0 mmol) was used.
g At 90 �C.
h GC yield.
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factor of amine substrates were important: the reaction of
N-methylaniline with benzyl alcohol required higher catalyst
loading (4.0 mol % Ir) to obtain an excellent yield (entry 1),
while the reaction of more basic and sterically unhindered
N-methylbenzylamine required only 1.0 mol % Ir of the cata-
lyst (entry 2). Additionally, while N-methylbenzylamine and
N-ethylbenzylamine were applicable to this N-alkylation
system, the reaction of N-isopropylbenzylamine resulted in
a poor yield (<30%), indicating the importance of steric
hindrance around the nitrogen atom in amines. Other aromatic,
aliphatic, and cyclic secondary amines could be also benzyl-
ated in good to excellent yields by the present catalytic
system (entries 4e9).
2.6. N-Alkylation of N-methylaniline, N-
methylbenzylamine, pyrrolidine, and dibutylamine
with various primary and secondary alcohols
We also examined the N-alkylation of other secondary
amines with various primary and secondary alcohols. The re-
sults are summarized in Table 6. The reaction of N-methylani-
line with 1-octanol gave N-methyl-N-octylaniline in 66% yield
although larger amounts of catalyst (5.0 mol % Ir) and higher
temperature (130 �C) were required (entry 1). The reaction of
N-methylaniline with secondary alcohol (cyclohexanol) also
gave the tertiary amine in good yield (entry 2). The N-alkylation
of N-methylbenzylamine with primary alcohols proceeded
smoothly (entries 3 and 4), while the reaction with cyclohexanol
gave a relatively low yield: N-cyclohexyl-N-methylbenzyl-
amine was formed in only 44% yield (entry 5). Pyrrolidine
and dibutylamine were also applicable to this catalytic system
(entries 6e9). In some cases, employment of excess amounts
of alcohols gave excellent results (entries 7e9).21
2.7. Possible mechanisms
We have previously reported the hydrogen transfer (Oppe-
nauer-type) oxidation of primary and secondary alcohols to al-
dehydes or ketones catalyzed by [Cp*IrCl2]2/base system.13a

Thus, we propose that the initial stage of the reaction would
be the oxidation of alcohols to a carbonyl intermediate accom-
panied by the transitory generation of an iridium hydride.
Then, the carbonyl intermediate would readily react with an
amine to afford an imine or an iminium species with concom-
itant formation of water. Transfer hydrogenation of the imine
or the iminium species with the iridium hydride would follow
to give an alkylated amine as a product (Scheme 2).
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Scheme 2.
Scheme 3.

Scheme 4.
To obtain an information concerning the reaction mecha-
nism, the reaction of an amine with an aldehyde in the pres-
ence of a hydrogen donor (2-propanol) under the catalytic
condition was undertaken: the reaction of aniline (1.0 mmol)
with benzaldehyde (1.0 mmol) and 2-propanol (3.0 mmol) in
the presence of catalytic amounts of [Cp*IrCl2]2 and NaHCO3

in toluene at 130 �C for 17 h gave N-benzylaniline in 76%
yield (Eq. 1). This result obviously supports our proposal
described above.

ð1Þ

On the other hand, the reaction of an imine in the presence
of a hydrogen donor under catalytic condition hardly gave an
amine: the reaction of benzylideneaniline (1.0 mmol) with
2-propanol (5.0 mmol) in the presence of catalytic amounts
of [Cp*IrCl2]2 and NaHCO3 resulted in the formation of a trace
amount of N-benzylaniline (Eq. 2). This result indicates that
uncoordinated imine could not be transfer hydrogenated by
the present catalytic system and that the formation of benzyl-
ideneaniline by the reaction of aniline with benzaldehyde must
occur in the coordination sphere of iridium to give
N-benzylaniline.

ð2Þ

On the basis of these experimental results,22 a possible
mechanism for the Cp*Ir-catalyzed N-alkylation of primary
amines with primary and secondary alcohols is illustrated in
Scheme 3. The first step of the reaction would involve the for-
mation of alkoxo iridium species coordinated with an amine
(step a).23 b-Hydrogen elimination of alkoxo moiety would
occur to afford an iridium hydride coordinated with the amine
and the aldehyde (or ketone) (step b). Condensation between
the amine and the aldehyde (or ketone) in the coordination
sphere of iridium would lead to the formation of an imine-co-
ordinated iridium hydride (step c). Insertion of a C]N of the
imine into iridiumehydride bond (step d), amideealkoxide
exchange24 accompanied by the release of the product (step e),
and coordination of the amine (step f) would successively
occur to regenerate the catalytically active species.25
A possible mechanism for the Cp*Ir-catalyzed N-alkylation
of secondary amines with primary and secondary alcohols is
illustrated in Scheme 4. This mechanism is closely similar
to that for the reaction of primary amines. However, the con-
densation between a secondary amine and an aldehyde (or ke-
tone) would be affected by a proton to afford an iridium
hydride coordinated with iminium ion (step i). Then, insertion
of a C]N of the iminium ion into iridiumehydride bond
(step j), release of the product (step k), and regeneration of
active species (step l) would successively occur.25
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2.8. One-pot sequential N-alkylation of benzylamine
leading to tertiary amines bearing three different
substituents
As described above, the present N-alkylation system cata-
lyzed by [Cp*IrCl2]2 is highly selective for mono-alkylation
of primary amines, and it also exhibits a high activity for
the alkylation of secondary amines to give tertiary amines.
Thus, it could be anticipated that sequential addition of two
kinds of alcohols to the reaction system would lead up to
the selective formation of tertiary amines having three differ-
ent substituents (Eq. 3).

ð3Þ

First, the reaction of benzylamine with 4-methoxybenzyl
alcohol was carried out in the presence of [Cp*IrCl2]2

(2.0 mol % Ir) and NaHCO3 (2.0 mol %) at 90 �C for 17 h.
Then, 1-octanol (1.2 equiv) was added to the reaction mixture,
and that was stirred at 110 �C for additional 24 h. By this sim-
ple procedure, N-benzyl-N-octyl-4-methoxybenzylamine was
obtained in 87% yield (Table 7, entry 1). Thus, several tertiary
amines bearing benzyl, 4-methoxybenzyl, and another alkyl
substituent could be synthesized by the sequential alkylation
methodology. The results are summarized in Table 7.
Table 7

One-pot sequential N-alkylation of benzylamine leading to tertiary aminesa

Entry Alcohol Yieldb (%)

1 87

2 88

3 50

4 86

5c 65

6 42

7 86

a The reaction was carried out with benzylamine (1.0 mmol), 4-methoxy-

benzyl alcohol (1.0 mmol), [Cp*IrCl2]2 (0.010 mmol, 2.0 mol % Ir), and

NaHCO3 (0.020 mmol, 2.0 mol %) in toluene (0.1 mL) at 90 �C for 17 h.

Then, another alcohol (1.2 mmol) was added and stirred at 110 �C for 24 h.
b Isolated yield.
c 3,3-Dimethyl-1-butanol (3.0 mmol) was used.
In summary, we have developed a new and efficient system
for the synthesis of amines catalyzed by a Cp*Ir complex. It
should be noted that the employment of equimolar amounts
of starting materials (amine and alcohol) is sufficient to obtain
high yields of the desired products, and only harmless water is
produced as co-product in these reactions. A wide variety of
secondary and tertiary amines can be synthesized with high
atom economy under mild and less-toxic conditions. The pres-
ent new catalytic system can provide an environmentally
benign and versatile protocol for the synthesis of amines.

3. Experimental section
3.1. General
All reactions and manipulations were carried out under
an atmosphere of argon by means of standard Schlenk
techniques. 1H and 13C NMR spectra were recorded on
JEOL A-500 and EX-270 spectrometers. Gas chromatography
(GC) analyses were performed on a GL-Sciences GC353B gas
chromatograph with a capillary column (GL-Sciences TC-17)
and on a Shimadzu GC-14A gas chromatograph with a capil-
lary column (Shimadzu CBP1-M25-025). High-performance
liquid chromatography (HPLC) analysis was performed with
a TOSOH model CCPS pumping system with a chiral column
(Daicel CHIRALCEL OD-H). Column chromatography was
carried out by using Wako-gel C-200. Preparative thin layer
chromatography was carried out by using Merck Silica gel
60 F254 (layer thickness 1 mm). Elemental analyses were car-
ried out at the Microanalysis Center of Kyoto University. Sol-
vents were dried by standard procedures and distilled prior to
use. The catalyst [Cp*IrCl2]2 (Cp*¼pentamethylcyclopenta-
dienyl), was prepared according to the literature method.26

All other reagents are commercially available and were used
as received.
3.2. N-Alkylation of aniline with benzyl alcohol catalyzed
by [Cp*IrCl2]2 and various bases (Table 1)
In a heavy-walled glass reactor under an atmosphere of
argon were suspended [Cp*IrCl2]2 (4.0 mg, 0.0050 mmol,
1.0 mol % Ir) and base (0.01 mmol, 1.0 mol %) in toluene
(0.1 mL). Then aniline (93.1 mg, 1.0 mmol) and benzyl alco-
hol (108.1 mg, 1.0 mmol) were added, and the mixture was
stirred at 110 �C for 17 h in the sealed reactor. The yield of
N-benzylanilne was determined by GC analysis using unde-
cane as an internal standard.
3.3. N-Alkylation of anilines with various primary
and secondary alcohols (Table 2)
In a heavy-walled glass reactor under an atmosphere of ar-
gon were suspended [Cp*IrCl2]2 (0.0050e0.0150 mmol, 1.0e
3.0 mol % Ir) and NaHCO3 (same equivalent to the iridium
catalyst) in toluene (0.1 mL). Then aniline (1.0 mmol) and al-
cohol (1.0 mmol) were added, and the mixture was stirred at
110 �C for 17 h in the sealed reactor. After evaporation of
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the solvent, the products were isolated by column chromato-
graphy (eluent: hexane/ethyl acetate/triethylamine).

3.3.1. N-Benzylaniline (Table 2, entry 1)27

1H NMR (CDCl3) d 7.39e7.12 (m, 7H, aromatic), 6.73e
6.61 (m, 3H, aromatic), 4.28 (s, 2H, CH2), 4.00 (br, 1H,
NH). 13C NMR (CDCl3) d 148.0, 139.3, 129.1, 128.5, 127.4,
127.1, 117.5, 112.8, 48.4.

3.3.2. N-Phenethylaniline (Table 2, entry 2)28

1H NMR (CDCl3) d 7.30e7.10 (m, 7H, aromatic), 6.67
(t, J¼7 Hz, 1H, aromatic), 6.55 (d, J¼8 Hz, 2H, aromatic),
3.58 (br, 1H, NH), 3.32 (t, J¼7 Hz, 2H, CH2), 2.83 (t,
J¼7 Hz, 2H, CH2). 13C NMR (CDCl3) d 147.8, 139.1,
129.1, 128.6, 128.4, 126.2, 117.2, 112.8, 45.0, 35.5.

3.3.3. N-Octylaniline (Table 2, entry 3)29

1H NMR (CDCl3) d 7.21e7.13 (m, 2H, aromatic), 6.70e
6.56 (m, 3H, aromatic), 3.52 (br, 1H, NH), 3.07 (t, J¼7 Hz,
2H, CH2), 1.65e1.54 (m, 2H, CH2), 1.28 (br, 10H, CH2),
0.88 (t, J¼7 Hz, 3H, CH3). 13C NMR (CDCl3) d 148.3,
129.0, 116.9, 112.5, 43.9, 31.9, 29.6, 29.5, 29.3, 27.2, 22.7,
14.2.

3.3.4. N,N-Dioctylaniline (Table 2, entry 4)30

1H NMR (CDCl3) d 7.20e7.17 (m, 2H, aromatic), 6.63e
6.59 (m, 3H, aromatic), 3.23 (t, J¼7 Hz, CH2), 1.56 (br, 4H,
CH2), 1.31e1.29 (m, 20H, CH2), 0.88 (t, J¼7 Hz, 6H, CH3).
13C NMR (CDCl3) d 148.2, 129.2, 115.0, 111.7, 51.0, 31.8,
29.5, 29.3, 27.24, 27.20, 22.7, 14.1.

3.3.5. N-(2-Octyl)aniline (Table 2, entry 5)31

1H NMR (CDCl3) d 7.16e7.10 (m, 2H, aromatic), 6.66e
6.52 (m, 3H, aromatic), 3.45e3.39 (m, 2H, CH and NH),
1.53e1.27 (m, 10H, CH2), 1.14 (d, J¼6 Hz, 3H, CH3), 0.87
(t, J¼7 Hz, 3H, CH3). 13C NMR (CDCl3) d 147.6, 129.1,
116.6, 112.9, 48.4, 37.3, 31.9, 29.4, 26.2, 22.7, 20.8, 14.1.

3.3.6. N-Cyclopentylaniline (Table 2, entry 6)32

1H NMR (CDCl3) d 7.18e7.11 (m, 2H, aromatic), 6.66
(t, J¼7 Hz, 1H, aromatic), 6.58 (d, J¼7 Hz, 2H, aromatic),
3.81e3.72 (m, 1H, CH), 3.59 (br, 1H, NH), 2.03e1.94 (m,
2H, CH2), 1.76e1.41 (m, 6H, CH2). 13C NMR (CDCl3)
d 147.9, 129.0, 116.7, 113.0, 54.6, 33.6, 24.1.

3.3.7. N-Cyclohexylaniline (Table 2, entry 7)33

1H NMR (CDCl3) d 7.20e7.09 (m, 2H, aromatic), 6.67e
6.55 (m, 3H, aromatic), 3.49 (br, 1H, NH), 3.27e3.18 (m,
1H, CH), 2.06e2.01 (m, 2H, CH2), 1.77e1.62 (m, 3H,
CH2), 1.42e1.05 (m, 5H, CH2). 13C NMR (CDCl3) d 147.2,
129.1, 116.7, 113.0, 51.6, 33.5, 26.0, 25.1.

3.3.8. N-Benzyl-4-methoxyaniline (Table 2, entry 8)7d

1H NMR (CDCl3) d 7.36e7.20 (m, 5H, aromatic), 6.76 (d,
J¼9 Hz, 2H, aromatic), 6.57 (d, J¼9 Hz, 2H, aromatic), 4.25
(s, 2H, CH2), 3.71 (s, 3H, OCH3), 3.58 (br, 1H, NH). 13C
NMR (CDCl3) d 152.0, 142.3, 139.5, 128.4, 127.4, 127.0,
114.8, 114.0, 55.8, 49.2.

3.3.9. N-Benzyl-4-chloroaniline (Table 2, entry 9)7d

1H NMR (CDCl3) d 7.35e7.21 (m, 5H, aromatic), 7.06 (d,
J¼9 Hz, 2H, aromatic), 6.49 (d, J¼9 Hz, 2H, aromatic), 4.25
(s, 2H, CH2), 4.00 (br, 1H, NH). 13C NMR (CDCl3) d 146.5,
138.8, 128.9, 128.5, 127.25, 127.21, 121.9, 113.8, 48.2.
3.4. N-Alkylation of aniline with benzyl alcohols bearing
functional groups (Table 3)
In a heavy-walled glass reactor under an atmosphere of ar-
gon were suspended [Cp*IrCl2]2 (0.0050e0.0150 mmol, 1.0e
3.0 mol % Ir) and NaHCO3 (same equivalent to the iridium
catalyst) in toluene (0.1 mL). Then aniline (1.0 mmol) and
benzyl alcohol (1.0 mmol) were added, and the mixture was
stirred at 110 �C for 17 h in the sealed reactor. After evapora-
tion of the solvent, the products were isolated by column chro-
matography (eluent: hexane/ethyl acetate/triethylamine).

3.4.1. N-(4-Methylbenzyl)aniline (Table 3, entry 1)34

1H NMR (CDCl3) d 7.26e7.12 (m, 6H, aromatic), 6.73e
6.60 (m, 3H, aromatic), 4.26 (s, 2H, CH2), 3.95 (br, 1H,
NH), 2.33 (s, 3H, Me). 13C NMR (CDCl3) d 147.9, 136.4,
136.1, 129.0, 128.9, 127.2, 117.2, 112.6, 47.8, 21.0.

3.4.2. N-(2-Methoxybenzyl)aniline (Table 3, entry 2)35

1H NMR (CDCl3) d 7.29e7.10 (m, 4H, aromatic), 6.87
(t, J¼8 Hz, 2H, aromatic), 6.69e6.61 (m, 3H, aromatic),
4.31 (s, 2H, CH2), 4.09 (br, 1H, NH), 3.82 (s, 3H, OCH3).
13C NMR (CDCl3) d 157.2, 148.2, 129.0, 128.7, 128.1,
127.2, 120.3, 117.1, 112.9, 110.1, 55.3, 43.4.

3.4.3. N-(3-Methoxybenzyl)aniline (Table 3, entry 3)5c

1H NMR (CDCl3) d 7.34e7.20 (m, 3H, aromatic), 7.03e
6.67 (m, 6H, aromatic), 4.35 (s, 2H, CH2), 4.07 (br, 1H,
NH), 3.84 (s, 3H, OCH3). 13C NMR (CDCl3) d 159.7, 147.9,
141.0, 129.4, 129.1, 119.6, 117.4, 112.9, 112.7, 112.5, 55.1,
48.2.

3.4.4. N-(4-Methoxybenzyl)aniline (Table 3, entry 4)36

1H NMR (CDCl3) d 7.25e7.10 (m, 4H, aromatic), 6.85e
6.56 (m, 5H, aromatic), 4.19 (s, 2H, CH2), 3.88 (br, 1H,
NH), 3.74 (s, 3H, OCH3). 13C NMR (CDCl3) d 158.6, 148.0,
131.2, 129.0, 128.6, 117.3, 113.9, 112.7, 55.2, 47.7.

3.4.5. N-(4-Chlorobenzyl)aniline (Table 3, entry 5)37

1H NMR (CDCl3) d 7.25e7.11 (m, 6H, aromatic), 6.73e
6.54 (m, 3H, aromatic), 4.25 (s, 2H, CH2), 3.98 (br, 1H,
NH). 13C NMR (CDCl3) d 147.6, 137.9, 132.7, 129.1, 128.6,
128.5, 117.6, 112.8, 47.6.

3.4.6. N-(4-Bromobenzyl)aniline (Table 3, entry 6)
1H NMR (CDCl3) d 7.40e7.09 (m, 6H, aromatic), 6.71e

6.51 (m, 3H, aromatic), 4.18 (s, 2H, CH2), 3.94 (br, 1H,
NH). 13C NMR (CDCl3) d 147.6, 138.4, 131.4, 129.1, 128.8,
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120.7, 117.6, 112.7, 47.5. Anal. Calcd for C13H12BrN: C,
59.56; H, 4.61; N, 5.34. Found: C, 59.43; H, 4.64; N, 5.15.

3.4.7. N-(4-Nitrobenzyl)aniline (Table 3, entry 7)36

1H NMR (CDCl3) d 8.11e8.08 (m, 2H, aromatic), 7.49e
7.44 (m, 2H, aromatic), 7.18e7.10 (m, 2H, aromatic), 6.73e
6.53 (m, 3H, aromatic), 4.40 (s, 2H, CH2), 4.29 (br, 1H,
NH). 13C NMR (CDCl3) d 147.4, 147.1, 146.7, 129.1, 127.4,
123.5, 117.8, 112.7, 47.4.

3.4.8. N-(3-Cyanobenzyl)aniline (Table 3, entry 8)
1H NMR (CDCl3) d 7.65e7.39 (m, 4H, aromatic), 7.23e

7.12 (m, 2H, aromatic), 6.76e6.55 (m, 3H, aromatic), 4.38
(s, 2H, CH2), 4.17 (br, 1H, NH). 13C NMR (CDCl3) d 147.2,
141.2, 131.4, 130.7, 130.5, 129.25, 129.22, 118.7, 118.0,
112.8, 112.6, 47.5. Anal. Calcd for C14H12N2: C, 80.74; H,
5.81; N, 13.45. Found: C, 80.50; H, 6.00; N, 13.20.

3.4.9. N-(4-Methoxycarbonylbenzyl)aniline
(Table 3, entry 9)38

1H NMR (CDCl3) d 7.98 (d, J¼8 Hz, 2H, aromatic), 7.40
(d, J¼8 Hz, 2H, aromatic), 7.14 (t, J¼7 Hz, 2H, aromatic),
6.70 (t, J¼7 Hz, 1H, aromatic), 6.58 (d, J¼7 Hz, 2H, aro-
matic), 4.37 (d, J¼4 Hz, 2H, CH2), 4.13 (br, 1H, NH), 3.88
(s, 3H, OCH3). 13C NMR (CDCl3) d 166.7, 147.6, 144.8,
129.8, 129.1, 128.9, 127.0, 117.7, 112.8, 52.0, 47.9.
3.5. N-Alkylation of benzylamine, phenethylamine,
and octylamine with primary and secondary alcohols
(Table 4)
In a heavy-walled glass reactor under an atmosphere of ar-
gon were suspended [Cp*IrCl2]2 (0.0050e0.0150 mmol, 1.0e
3.0 mol % Ir) and NaHCO3 (same equivalent to the iridium
catalyst) in toluene (0.1 mL). Then primary amine
(1.0 mmol) and alcohol (1.0 mmol) were added, and the mix-
ture was stirred at 110 �C for 17 h in the sealed reactor. After
evaporation of the solvent, the products were isolated by col-
umn chromatography (eluent: hexane/ethyl acetate/
triethylamine).

3.5.1. Dibenzylamine (Table 4, entry 1)39

1H NMR (CDCl3) d 7.40e7.18 (m, 10H, aromatic), 3.79 (s,
4H, CH2), 1.76 (br, 1H, NH). 13C NMR (CDCl3) d 140.2,
128.3, 128.0, 126.8, 53.1.

3.5.2. N-Benzylphenethylamine (Table 4, entry 2)40

1H NMR (CDCl3) d 7.33e7.15 (m, 10H, aromatic), 3.84 (s,
2H, CH2), 2.93e2.77 (m, 4H, CH2), 1.45 (br, 1H, NH). 13C
NMR (CDCl3) d 140.1, 139.9, 128.6, 128.3, 128.0, 127.9,
126.7, 126.0, 53.9, 50.6, 36.4.

3.5.3. N-Octylbenzylamine (Table 4, entry 3)4b

1H NMR (CDCl3) d 7.33e7.15 (m, 10H, aromatic), 3.77 (s,
2H, CH2), 2.61 (t, J¼7 Hz, 2H, CH2), 1.52e1.45 (m, 2H,
CH2), 1.32 (br, 1H, NH), 1.27 (m, 10H, CH2), 0.88
(t, J¼7 Hz, 3H, CH3). 13C NMR (CDCl3) d 140.4, 128.19,
128.16, 126.6, 54.1, 49.5, 31.8, 30.2, 29.6, 29.3, 27.4, 22.7,
14.1.

3.5.4. N,N-Dioctylbenzylamine (Table 4, entry 4)41

1H NMR (CDCl3) d 7.32e7.21 (m, 5H, aromatic), 3.53 (s,
2H, CH2), 2.38 (t, J¼7 Hz, 4H, CH2), 1.45 (br, 4H, CH2),
1.29e1.25 (m, 20H, CH2), 0.88 (t, J¼7 Hz, 6H, CH3). 13C
NMR (CDCl3) d 140.3, 128.8, 128.0, 126.5, 58.6, 53.8, 31.9,
29.6, 29.3, 27.5, 27.0, 22.7, 14.1.

3.5.5. N-(2-Octyl)benzylamine (Table 4, entry 5)4b

1H NMR (CDCl3) d 7.33e7.19 (m, 5H, aromatic), 3.82 (d,
J¼13 Hz, 1H, CH2), 3.72 (d, J¼13 Hz, 1H, CH2), 2.70e2.61
(m, 1H, CH), 1.52e1.47 (m, 1H, CH2), 1.37e1.27 (m, 9H,
CH2), 1.07 (d, J¼7 Hz, 3H, CH3), 0.88 (t, J¼7 Hz, 3H,
CH3). 13C NMR (CDCl3) d 140.8, 128.2, 128.0, 126.6, 52.5,
51.4, 37.2, 31.9, 29.6, 26.0, 22.7, 20.4, 14.2.

3.5.6. N-Cyclohexylbenzylamine (Table 4, entry 6)1b

1H NMR (CDCl3) d 7.33e7.19 (m, 5H, aromatic), 3.80 (s,
2H, CH2), 2.53e2.43 (m, 1H, CH), 1.93e1.89 (m, 2H, CH2),
1.75e1.70 (m, 2H, CH2), 1.63e1.59 (m, 1H, NH), 1.35e1.04
(m, 6H, CH2). 13C NMR (CDCl3) d 140.8, 128.2, 128.0, 126.6,
56.2, 51.0, 33.6, 26.2, 25.0.

3.5.7. N-Cyclohexylphenethylamine (Table 4, entry 8)42

1H NMR (CDCl3) d 7.31e7.19 (m, 5H, aromatic), 2.89 (t,
J¼6 Hz, 2H, CH2), 2.78 (t, J¼7 Hz, 2H, CH2), 2.41 (tt, J¼10,
4 Hz, 1H, CH), 1.87e1.60 (m, 5H, NH and CH2), 1.31e0.98
(m, 6H, CH2). 13C NMR (CDCl3) d 140.0, 128.5, 128.2, 125.9,
56.7, 48.2, 36.7, 33.6, 26.2, 25.1.

3.5.8. N-Octylphenethylamine (Table 4, entry 9)43

1H NMR (CDCl3) d 7.31e7.16 (m, 5H, aromatic), 2.85 (m,
2H, CH2), 2.81 (m, 2H, CH2), 2.59 (t, J¼7 Hz, 2H, CH2), 1.45
(br, 2H, CH2), 1.26 (br, 10H, CH2), 0.87 (t, J¼7 Hz, 3H,CH3).
13C NMR (CDCl3) d 140.0, 128.5, 128.3, 125.9, 51.3, 50.0,
36.5, 31.9, 30.2, 29.6, 29.3, 27.4, 22.7, 14.1.

3.5.9. N-Benzyl-(1-phenylethyl)amine (Ref. 22)44

1H NMR (CDCl3) d 7.34e7.21 (m, 10H, aromatic), 3.80 (q,
J¼7 Hz, 1H, CH), 3.65 (d, J¼13 Hz, 1H, CH2), 3.58
(d, J¼13 Hz, 1H, CH2), 1.35 (d, J¼7 Hz, 3H, CH3). 13C
NMR (CDCl3) d 145.6, 140.6, 128.4, 128.3, 128.1, 126.9,
126.8, 126.6, 57.5, 51.6, 24.5.
3.6. N-Alkylation of various secondary amines with
benzyl alcohol (Table 5)
In a heavy-walled glass reactor under an atmosphere of
argon were suspended [Cp*IrCl2]2 (0.0050e0.0250 mmol, 1.0e
5.0 mol % Ir) and NaHCO3 (same equivalent to the iridium cata-
lyst) in toluene (0.1 mL). Then secondary amine (1.0 mmol)
and benzyl alcohol (1.0 mmol) were added, and the mixture
was stirred at 110 �C for 17 h in the sealed reactor. After evap-
oration of the solvent, the products were isolated by column
chromatography (eluent: hexane/ethyl acetate/triethylamine).
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3.6.1. N-Benzyl-N-methylaniline (Table 5, entry 1)45

1H NMR (CDCl3) d 7.31e7.15 (m, 7H, aromatic), 6.73e
6.65 (m, 3H, aromatic), 4.48 (s, 2H, CH2), 3.03 (s, 3H,
CH3). 13C NMR (CDCl3) d 149.5, 138.8, 129.0, 128.4,
126.7, 126.6, 116.4, 112.2, 56.6, 38.5.

3.6.2. N,N-Dibenzylmethylamine (Table 5, entry 2)46

1H NMR (CDCl3) d 7.37e7.18 (m, 10H, aromatic), 3.51 (s,
4H, CH2), 2.17 (s, 3H, CH3). 13C NMR (CDCl3) d 139.2,
128.8, 128.1, 126.8, 61.9, 42.3.

3.6.3. N,N-Dibenzylethylamine (Table 5, entry 3)47

1H NMR (CDCl3) d 7.41e7.17 (m, 10H, aromatic), 3.56 (s,
4H, CH2), 2.48 (q, J¼7 Hz, 2H, CH2), 1.05 (t, J¼7 Hz, 3H,
CH3). 13C NMR (CDCl3): d 139.9, 128.6, 128.0, 126.6, 57.8,
47.1, 12.0.

3.6.4. Tribenzylamine (Table 5, entry 4)48

1H NMR (CDCl3) d 7.42e7.18 (m, 15H, aromatic), 3.55
(s, 6H, CH2). 13C NMR (CDCl3) d 139.5, 128.6, 128.1,
126.7, 57.9.

3.6.5. N,N-Dibutylbenzylamine (Table 5, entry 5)4b

1H NMR (CDCl3) d 7.34e7.16 (m, 5H, aromatic), 3.53 (s,
2H, CH2), 2.39 (t, J¼7 Hz, 4H, CH2), 1.49e1.35 (m, 4H,
CH2), 1.32e1.21 (m, 4H, CH2), 0.87 (t, J¼7 Hz, 4H, CH3).
13C NMR (CDCl3) d 140.3, 128.7, 127.9, 126.4, 58.7, 53.6,
29.4, 20.7, 14.2.

3.6.6. 1-Benzylpyrrolidine (Table 5, entry 6)14b

1H NMR (CDCl3) d 7.35e7.19 (m, 5H, aromatic), 3.60 (s,
2H, CH2), 2.53e2.42 (m, 4H, CH2), 1.84e1.70 (m, 4H, CH2).
13C NMR (CDCl3) d 139.3, 128.8, 128.0, 126.7, 60.7, 54.2,
23.5.

3.6.7. 1-Benzylpiperidine (Table 5, entry 7)14b

1H NMR (CDCl3) d 7.32e7.18 (m, 5H, aromatic), 3.46 (s,
2H, CH2), 2.38e2.34 (m, 4H, CH2), 1.60e1.52 (m, 4H, CH2),
1.45e1.37 (m, 2H, CH2). 13C NMR (CDCl3) d 138.5, 129.1,
127.9, 126.7, 63.9, 54.5, 26.1, 24.5.

3.6.8. 4-Benzylmorpholine (Table 5, entry 8)45

1H NMR (CDCl3) d 7.49e7.20 (m, 5H, aromatic), 3.70 (t,
J¼5 Hz, 4H, CH2), 3.49 (s, 2H, CH2), 2.43 (t, J¼5 Hz, 4H,
CH2). 13C NMR (CDCl3) d 137.6, 129.0, 128.1, 127.0, 67.0,
63.4, 53.6.

3.6.9. 1-Benzyl-1,2,3,4-tetrahydroquinoline (Table 5,
entry 9)49

1H NMR (CDCl3) d 7.32e7.18 (m, 5H, aromatic), 6.97e
6.64 (m, 2H, aromatic), 6.58e6.46 (m, 2H, aromatic), 4.44
(s, 2H, CH2), 3.36e3.32 (m, 2H, CH2), 2.82e2.77 (m, 2H,
CH2), 2.03e1.94 (m, 2H, CH2). 13C NMR (CDCl3) d 145.4,
138.8, 128.9, 128.4, 127.0, 126.6, 126.4, 122.1, 115.7,
110.9, 55.2, 49.9, 28.3, 22.5.
3.7. N-Alkylation of N-methylaniline, N-methylbenzyl-
amine, pyrrolidine, and dibutylamine with various
primary and secondary alcohols (Table 6)
In a heavy-walled glass reactor under an atmosphere of
argon were suspended [Cp*IrCl2]2 (0.0050e0.0250 mmol,
1.0e5.0 mol % Ir) and NaHCO3 (same equivalent to the irid-
ium catalyst) in toluene (0.1 mL). Then secondary amine
(1.0 mmol) and alcohol (1.0 mmol) were added, and the mix-
ture was stirred at 110 �C for 17 h in the sealed reactor. After
evaporation of the solvent, the products were isolated by
column chromatography (eluent: hexane/ethyl acetate/
triethylamine).

3.7.1. N-Methyl-N-octylaniline (Table 6, entry 1)50

1H NMR (CDCl3) d 7.23e7.17 (m, 2H, aromatic), 6.69e
6.62 (m, 3H, aromatic), 3.27 (t, J¼7 Hz, 2H, CH2), 2.90
(s, 3H, NCH3), 1.54 (m, 2H, CH2), 1.28e1.27 (m, 10H, CH2),
0.87 (t, J¼7 Hz, 3H, CH3). 13C NMR (CDCl3) d 149.2,
129.0, 115.6, 111.9, 52.8, 38.3, 31.9, 29.6, 29.4, 27.3, 26.7,
22.7, 14.2.

3.7.2. N-Cyclohexyl-N-methylaniline (Table 6, entry 2)51

1H NMR (CDCl3) d 7.24e6.64 (m, 5H, aromatic), 3.55 (m,
1H, CH), 2.75 (s, 3H, NCH3), 1.84e1.09 (m, 10H, CH2). 13C
NMR (CDCl3) d 150.0, 128.9, 116.1, 113.0, 58.1, 31.2, 30.1,
26.3, 26.0.

3.7.3. N-Benzyl-N-methylphenethylamine (Table 6,
entry 3)2g

1H NMR (CDCl3) d 7.32e7.14 (m, 10H, aromatic), 3.53 (s,
2H, CH2), 2.83e2.78 (m, 2H, CH2), 2.69e2.60 (m, 2H, CH2),
2.27 (s, 3H, NCH3). 13C NMR (CDCl3) d 140.4, 138.9, 128.7,
128.6, 128.1, 128.0, 126.8, 125.7, 62.2, 59.2, 42.2, 34.0.

3.7.4. N-Benzyl-N-methyloctylamine (Table 6, entry 4)52

1H NMR (CDCl3) d 7.30e7.17 (m, 5H, aromatic), 3.46 (s,
2H, CH2), 2.34 (t, J¼7 Hz, 2H, CH2), 2.17 (s, 3H, NCH3),
1.52e1.47 (m, 2H, CH2), 1.26 (br, 10H, CH2), 0.87
(t, J¼7 Hz, 3H, CH3). 13C NMR (CDCl3) d 139.2, 128.9,
128.0, 126.6, 62.4, 57.6, 42.3, 31.9, 29.6, 29.4, 27.5, 27.5,
22.7, 14.2.

3.7.5. N-Cyclohexyl-N-methylbenzylamine (Table 6,
entry 5)53

1H NMR (CDCl3) d 7.33e7.17 (m, 5H, aromatic), 3.55 (s,
2H, CH2), 2.47e2.38 (m, 1H, CH), 2.18 (s, 3H, NCH3), 1.94e
1.78 (m, 4H, CH2), 1.65e1.60 (m, 1H, CH2), 1.37e1.08
(m, 5H, CH2). 13C NMR (CDCl3) d 140.3, 128.6, 128.0,
126.5, 62.5, 57.9, 37.7, 28.8, 26.5, 26.1.

3.7.6. 1-Phenethylpyrrolidine (Table 6, entry 6)14b

1H NMR (CDCl3) d 7.27e7.20 (m, 5H, aromatic), 2.86e
2.80 (m, 4H, CH2), 2.74e2.52 (m, 4H, CH2), 1.86e1.72
(m, 4H, CH2). 13C NMR (CDCl3) d 140.3, 128.4, 128.1,
125.8, 58.3, 54.2, 35.9, 23.4.
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3.7.7. 1-Octylpyrrolidine (Table 6, entry 7)14b

1H NMR (CDCl3) d 2.48e2.38 (m, 6H, CH2), 1.79e1.77
(m, 4H, CH2), 1.51 (br, 2H, CH2), 1.28 (br, 10H, CH2), 0.88
(t, J¼7 Hz, 3H, CH3). 13C NMR (CDCl3) d 56.8, 54.3, 31.9,
29.6, 29.3, 29.2, 27.8, 23.5, 22.7, 14.1.

3.7.8. 1-Cyclohexylpyrrolidine (Table 6, entry 8)54

1H NMR (CDCl3) d 2.51e2.45 (m, 4H, CH2), 1.90e1.85
(m, 3H, CH2), 1.76e1.66 (m, 6H, CH2), 1.55e1.51 (m, 1H,
CH2), 1.26e1.06 (m, 6H, CH2). 13C NMR (CDCl3) d 63.7,
51.4, 32.1, 26.0, 25.2, 23.2.
3.8. One-pot sequential N-alkylation of benzylamine
leading to tertiary amines (Table 7)
In a septum-capped glass tube under an atmosphere of
argon were suspended [Cp*IrCl2]2 (8.0 mg, 0.010 mmol,
2.0 mol % Ir) and NaHCO3 (0.020 mmol, 2.0 mol %) in tolu-
ene (0.1 mL). Benzylamine (1.0 mmol) and 4-methoxybenzyl
alcohol (1.0 mmol) were added, and the mixture was stirred at
90 �C for 17 h. Then primary alcohol (1.2 mmol) was added to
the reaction mixture, and that was stirred at 110 �C for addi-
tional 24 h. After evaporation of the solvent, the products
were isolated by preparative thin layer chromatography (en-
tries 1, 3 and 5e7) or column chromatography (entries 2
and 4).

3.8.1. N-Benzyl-N-octyl-4-methoxybenzylamine (Table 7,
entry 1)

1H NMR (CDCl3) d 7.35e7.19 (m, 7H, aromatic), 6.84 (d,
J¼8 Hz, 2H, aromatic), 3.78 (s, 3H, OCH3), 3.52 (s, 2H, CH2),
3.47 (s, 2H, CH2), 2.38 (t, J¼7 Hz, 2H, CH2), 1.48 (m, 2H,
CH2), 1.22 (br, 10H, CH2), 0.87 (t, J¼7 Hz, 3H, CH3). 13C
NMR (CDCl3) d 158.3, 140.0, 131.9, 129.7, 128.6, 128.0,
126.5, 113.4, 58.2, 57.6, 55.2, 53.2, 31.9, 29.5, 29.4, 27.4,
27.0, 22.7, 14.2. Anal. Calcd for C23H33NO: C, 81.37; H,
9.80; N, 4.13. Found: C, 81.50; H, 9.51; N, 4.17.

3.8.2. N-Benzyl-N-hexyl-4-methoxybenzylamine (Table 7,
entry 2)

1H NMR (CDCl3) d 7.36e7.20 (m, 7H, aromatic), 6.84 (d,
J¼8 Hz, 2H, aromatic), 3.77 (s, 3H, OCH3), 3.51 (s, 2H, CH2),
3.47 (s, 2H, CH2), 2.37 (t, J¼7 Hz, 2H, CH2), 1.48e1.45 (m,
2H, CH2), 1.24e1.20 (m, 6H, CH2), 0.84 (t, J¼7 Hz, 3H,
CH3). 13C NMR (CDCl3) d 158.3, 140.1, 131.9, 129.7,
128.7, 128.0, 126.5, 113.4, 58.1, 57.6, 55.2, 53.3, 31.8, 27.2,
27.0, 22.7, 14.2. Anal. Calcd for C21H29NO: C, 80.98; H,
9.38; N, 4.50. Found: C, 80.96; H, 9.41; N, 4.54.

3.8.3. N-Benzyl-N-(3-methylbutyl)-4-methoxybenzylamine
(Table 7, entry 3)

1H NMR (CDCl3) d 7.36e7.17 (m, 7H, aromatic), 6.83 (d,
J¼8 Hz, 2H, aromatic), 3.77 (s, 3H, OCH3), 3.51 (s, 2H, CH2),
3.47 (s, 2H, CH2), 2.40 (t, J¼7 Hz, 2H, CH2), 1.63e1.53 (m,
1H, CH), 1.43e1.35 (m, 2H, CH2), 0.79e0.74 (d, J¼6 Hz, 6H,
CH3). 13C NMR (CDCl3) d 158.3, 140.0, 131.8, 129.8, 128.7,
128.0, 126.5, 113.4, 58.1, 57.5, 55.2, 51.4, 36.0, 26.1, 22.8.
Anal. Calcd for C20H27NO: C, 80.76; H, 9.15; N, 4.71. Found:
C, 80.80; H, 9.36; N, 4.74.

3.8.4. N-Benzyl-N-(4-methylpentyl)-4-methoxybenzylamine
(Table 7, entry 4)

1H NMR (CDCl3) d 7.36e7.21 (m, 7H, aromatic), 6.84 (d,
J¼8 Hz, 2H, aromatic), 3.79 (s, 3H, OCH3), 3.52 (s, 2H, CH2),
3.48 (s, 2H, CH2), 2.36 (t, J¼7 Hz, 2H, CH2), 1.59e1.40
(m, 3H, CH2), 1.16e1.08 (m, 2H, CH2), 0.84e0.82 (d, J¼
7 Hz, 6H, CH3). 13C NMR (CDCl3) d 158.2, 140.0, 131.9,
129.7, 128.6, 128.0, 126.5, 113.4, 58.1, 57.5, 55.2, 53.6,
36.5, 27.9, 24.8, 22.7. Anal. Calcd for C21H29NO: C, 80.98;
H, 9.48; N, 4.50. Found: C, 80.68; H, 9.38; N, 4.54.

3.8.5. N-Benzyl-N-(3,3-dimethylbutyl)-4-methoxybenzyl-
amine (Table 7, entry 5)

1H NMR (CDCl3) d 7.36e7.21 (m, 7H, aromatic), 6.83 (d,
J¼7 Hz, 2H, aromatic), 3.79 (s, 3H, OCH3), 3.54 (s, 2H, CH2),
3.50 (s, 2H, CH2), 2.43 (t, J¼8 Hz, 2H, CH2), 1.45 (t, J¼6 Hz,
2H, CH2), 0.80 (s, 9H, CH3). 13C NMR (CDCl3) d 158.2,
140.0, 131.8, 129.7, 128.6, 128.0, 126.5, 113.4, 58.0, 57.4,
55.2, 49.0, 40.2, 29.9, 29.6. Anal. Calcd for C21H29NO: C,
80.98; H, 9.48; N, 4.50. Found: C, 80.80; H, 9.51; N, 4.47.

3.8.6. N-Benzyl-N-(4-methoxybenzyl)-3-phenylpropylamine
(Table 7, entry 6)

1H NMR (CDCl3) d 7.36e7.07 (m, 12H, aromatic), 6.84 (d,
J¼8 Hz, 2H, aromatic), 3.79 (s, 3H, OCH3), 3.54 (s, 2H, CH2),
3.49 (s, 2H, CH2), 2.57 (t, J¼8 Hz, 2H, CH2), 2.45 (t, J¼7 Hz,
2H, CH2), 1.86e1.78 (m, 2H, CH2). 13C NMR (CDCl3)
d 158.3, 142.5, 139.9, 131.7, 129.8, 128.7, 128.3, 128.1,
128.0, 126.6, 125.5, 113.4, 58.1, 57.6, 55.3, 52.8, 33.6, 29.1.
Anal. Calcd for C24H27NO: C, 83.44; H, 7.88; N, 4.05. Found:
C, 83.42; H, 8.00; N, 4.05.

3.8.7. N-Benzyl-N-(4-methoxybenzyl)-4-phenylbutylamine
(Table 7, entry 7)

1H NMR (CDCl3) d 7.36e7.08 (m, 12H, aromatic), 6.86e
6.80 (m, 2H, aromatic), 3.77 (s, 3H, OCH3), 3.50 (s, 2H, CH2),
3.46 (s, 2H, CH2), 2.58e2.38 (m, 4H, CH2), 1.62e1.52
(m, 4H, CH2).

13C NMR (CDCl3) d 158.3, 142.5, 139.9, 131.8,
129.7, 128.6, 128.3, 128.1, 128.0, 126.6, 125.5, 113.4, 58.2,
57.6, 55.2, 52.9, 35.7, 29.0, 26.6. Anal. Calcd for
C25H29NO: C, 83.52; H, 8.13; N, 3.90. Found: C, 83.67; H,
8.30; N, 3.94.
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