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Microwave-Promoted Selective Mono-N-Alkylation of Anilines with Tertiary
Amines by Heterogeneous Catalysis
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Alkyl anilines are valuable intermediates broadly used in
the chemical industry for the manufacture of pharmaceuti-
cals, dyestuffs, synthetic rubbers, herbicides, insecticides and
agrochemicals.!'! Traditional routes for their preparation re-
quire N-alkylation of anilines with alkyl halides® in the
presence of a base, palladium/copper-catalysed amination®!
of aryl halides or the more popular reductive amination of
carbonyl compounds.”! Few of these procedures are truly
catalytic. On the other hand, many proceed under harsh re-
action conditions, use hazardous reagents and produce large
amounts of byproducts.

Recently, Beller et al.’*<l and Williams et al.l’ independ-
ently described trans alkylation between amines under ho-
mogeneous Ru or Ir catalysis in the presence of different
and sometimes complex ligands.”? This quite unusual reac-
tion, although prefigured by Murahashi et alf in the
1980s, is highly relevant because it opens new possibilities
for the selective functionalisation of amines by other simple
amines (Scheme 1). Herein, we report a microwave-promot-
ed, selective monoalkylation of aromatic amines with secon-
dary and tertiary aliphatic amines as alkylating agents, cata-
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Scheme 1. Homogeneous trans amination of substituted anilines with ali-
phatic amines.
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lysed by Pd/C, to provide the corresponding N-alkylaryl
amines.

The approach, based on an easily recyclable, heterogene-
ous catalyst,”) shows several fundamental improvements
with respect to the previously reported processes: 1) Pd/C is
inexpensive and readily available; 2) the catalyst can be re-
covered by simple filtration; 3) an extremely low contamina-
tion of the product by residual Pd is expected and 4) de-
gassing of the solvent is not necessary.'”! Furthermore Pd/C
does not require additional ligands that could become po-
tential contaminants or produce unwanted side products.

In this context, microwave heating!'!! is an attractive tool
that has recently been used in organic synthesis to make pal-
ladium-catalysed reactions!'” more economic and soft.

As a starting point of our investigations, we explored the
amination reaction of aniline with three structurally differ-
ent alkyl amines that could act as good alkylating agents: n-
propylamine, di-n-propylamine and tri-n-propylamine
(Table 1, entries 1-3). The reactions were performed by
treating aniline with an excess of alkylamine in the presence
of Pd/C (10%) in dry toluene under various conditions. The
results are summarized in Table 1.

We observed good alkyl transfer with secondary amines
(Table 1, entry2) and an almost quantitative conversion
with tertiary amines (Table 1, entry 3), whereas with primary
amines (Table 1, entry 1) the reaction did not proceed and
only starting materials were recovered. Particularly notewor-
thy is the alkyl transfer of tertiary amines.

The secondary amine product was exclusively observed at
the end of the reaction without any contamination of N,N-
dialkylated aniline or other products coming from scram-
bling of the groups around the nitrogen. The best ratio of re-
actants is 1.5 equiv of tertiary amine to 1 equiv of aniline in
the presence of 1.5 mol% of Pd/C (10%). Upon increasing
the trialkylamine/aniline ratio, only a statistical rise of the
internal pressure was observed, without any enhancement in
the reaction yields (Table 1, entry 4).1""

Regarding the influence of the temperature, the best yield
of N-propylaniline (92 %, Table 1, entry 3) was obtained at
175°C, whereas at higher temperatures no appreciable in-
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Table 1. Arylation of aliphatic amines: optimisation of the reaction con-

ditions.
Heterogeneous
O\ Catalyst ©\
NH, Pr, 7 N NEL
N-R HNRR' H
R
Entryl! R, R! Solvent T [°C] Yield® [%]
1 R,R'=H toluene 175 -
2 R=Pr,R'=H toluene 175 56
3 R,R'=Pr toluene 175 92
4 R,R'=Pr toluene 175 94[c]
5 R,R'=Pr toluene 210 93
6 R,R!'=Pr toluene 155 77
7 R,R'=Pr THF 175 82
8 R,R'=Pr BuOH 175 71
9 R,R'=Pr neat 175 -
10 R,R!'=Pr toluene 175 411
11 R,R!'=Pr toluene 175 49ll

[a] Reaction conditions: aniline (2.0 mmol), alkyl amine (3.0 mmol), 10 %
Pd/C (1.5mol %), solvent (2.5mL), 1.5h. [b] Yield of isolated product
after column chromatography is based on the amount of starting aniline.
[c] Reaction performed by using a 1/3 molar ratio of aniline/tri-n-propyl-
amine. [d] Reaction carried out by using palladium black instead of Pd/C.
[e] Reaction performed in a preheated oil bath at 175°C, isolated yield
after 2 h.

crease in yield was observed (93 %; Table 1, entry 5). On the
contrary, working at temperatures below 160°C, reduces the
reactivity and conversion (77 %; Table 1, entry 6). The ani-
line alkylation reaction proceeds to completion much more
rapidly in non-polar than in polar solvents, and the best con-
versions were observed in dry toluene (Table 1, compare en-
tries 4, 7 and 8).

Safety issues were encountered under solvent-free condi-
tions (Table 1, entry 9). A quick pressure rise was detected
due to extreme microwave absorption with the risk of explo-
sion (“thermal runaway”).') The use of palladium black as
a catalyst was significantly less effective than palladium on
charcoal (Table 1, entry 10).1%

To compare microwave irradiation with conventional oil-
bath heating, the reaction was reproduced at the same tem-
perature in a preheated oil bath. After 2 h, the conversion
was low (49 %, Table 1, entry 11) and the process went to
completion only after 12 h.

To make the protocol highly valuable for economic and
environmental concerns, the possibility of recycling the cata-
lyst was also investigated. The reusability of the Pd/C cata-
lyst was tested for the coupling of aniline with tri-n-propyl-
amine in toluene at 175°C. The catalyst was recovered and
reused in up to five consecutive cycles' (Table 2), without
showing any loss of efficiency."” To ascertain the heteroge-
neity of the catalyst, further leaching studies were carried
out."® Both “Sheldon’s hot-filtration test”**! and atomic ab-
sorption spectroscopy analysis (ICP-MS)®! of the filtrate
showed only negligible amounts”!! of leached Pd in the reac-
tion medium, suggesting that the described process is heter-
ogeneously catalysed.[*’
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Table 2. Reaction of aniline with tri-n-propylamine using recovered
Pd/C.

Cycles!® Yield [%]®
1 92
2 90
3 89
4 90
5 92

[a] Reaction conditions: aniline (2 mmol), tri-N-propylamine (3 mmol),
10% Pd/C (1.5 mol %), toluene (2.5 mL), 175°C, 1.5 h. [b] Yield of isolat-
ed product after column chromatography is based on the amount of start-
ing aniline.

Once the reaction conditions were optimised, the process
was extended to other commercially available tertiary
amines (Table 3). The reaction was concluded to be useful
for general applications and to proceed essentially to com-
pletion.

Table 3. Selective monoalkylation of aromatic amines catalysed by Pd/C.

R! o
N R. .R Pd/C, Toluene, SN
| + N 175°C, 1.5 h L &
NH RO ww N
-NHR;

Entryl R R! Yield [%]"
; o H 93
3 hexyl H 95
4 Bl’l[c] H M
p Pr 4-Me 04
6 octyl 4-Me %
: Pr 3-Me 91
) Pr 2-Me 9
9 hexyl 2-Me 4
o Et 4-OMe 03
1 hexyl 2-OMe 95
- Pr 2-Bu 66
13 pr g "
14 Pr r 0
1 Pr 3-CF, 57
10 Et 4-NO, -
v Et 4-CN _

[a] Reaction conditions: aniline (2 mmol), tri-alkylamine (3 mmol), 10 %
Pd/C (1.5mol %), toluene (2.5mL), 175°C, 1.5h. [b] Yield of isolated
product after column chromatography is based on aniline residue.
[c] Bn=Dbenzyl.

Among the trialkylamines used as alkylating agents, tri-
benzylamine was the least reactive one (Table 3, entry 4).
The coupling with aniline was also found to be incomplete
after a much longer reaction time. Although N-benzylaniline
was recovered in a poor yield (41 %), the reaction was still
highly selective towards monoalkylation.

To investigate the scope and limitations of this procedure,
a wide range of structurally different anilines and symmetric
tertiary amines were tested. These results are summarized in
Table 3. The substitution pattern of the aromatic ring influ-
ences the nucleophilicity of the amino group and as a conse-
quence also the yields. We observed that mono-N-alkylation
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of activated and electron-rich aniline derivatives, such as o/
m/p-toluidine and o/p-anisidine, proceeded smoothly and se-
lectively to give the corresponding mono-N-alkylated aniline
derivatives in nearly quantitative yields (Table 3, entries 5
11).

Even the amination of aniline with a sterically hindered
substituent at the ortho position was found to be effective,
although a lower yield (66%; Table 3, entry 12) was ob-
served. The alkyl transfer reactions with o/p-halogenated
anilines were more problematic and gave only low yields
(Table 3, entries 13 and 14). The reaction of 3-trifluoro-
methylaniline with trihexylamine (Table 3, entry 15) yielded
the alkylated aniline in a moderate yield (57 %).

The amine coupling of 4-nitroaniline and 4-aminobenzoni-
trile (Table 3, entries 16 and 17) with different trialkyl-
amines showed no reaction even at higher temperatures or
increasing reaction times.

Finally, we explored the coupling of aniline with a set of
unsymmetrical tertiary amines; the results are summarized
in Table 4. In general, the reaction of trans alkylation gives
rise to a mixture of two N-alkylanilines (1 and 2, Table 4), in

Table 4. N-Alkylation of aniline with unsymmetrical tertiary amines.

R. R Pd/C, Toluene,
+ N 175°C,1.5h R + R1
|
NH,  R!
Entry® R R' 1[%] 2 [%] Yield [%]™
1 Bu Me 75 25 76
2 Me Bu 45 55 71
3 Bu Et 77 23 78
4 Et Bu 42 58 73
5 iPr Me - 100 59
6 Me iPr 100 - 70

[a] Reaction conditions: aniline (2 mmol), tri-n-propylamine (3 mmol),
10% Pd/C (1.5 mol %), toluene (2.5 mL), 175°C, 1.5 h. [b] Yield of isolat-
ed product after column chromatography is based on aniline residue.

which the major component is the N-alkylaniline with the
longest linear carbon chain bonded to the nitrogen atom.
For example, in the case of the reaction of aniline with N,N-
dimethylbutylamine (Table 4, entry 1) or N,N-dibutylmethyl-
amine (Table 4, entry 2), both the butyl and methyl groups
were transferred even if N-butylaniline was always obtained
as the major product. When N,N-dimethylisopropylamine or
N,N-diisopropylmethylamine were used (Table 4, entries 5
and 6) only methyl-group transfer occurred.

With regard to the mechanism of this reaction, we pro-
pose that the alkylation of aniline proceeds through a hydro-
gen-borrowing pathway, as previously postulated by the
groups of Murahashi, Beller and Williams (Scheme 2).1°-68
Palladium is inserted into the carbon-hydrogen bond close
to the nitrogen of the alkylamine 3, promoting f3-hydride
elimination, to give the highly reactive intermediate immini-
um ion 4.

Nucleophilic attack by the incoming aniline on the imini-
um ion 4 forms an unstable aminoaminal 5 with subsequent
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Scheme 2. Presumed mechanism for the arylation of tertiary amines.

elimination of the secondary amine 6. In the last step, the
starting Pd/C catalyst is regenerated and gives the desired
secondary aniline product 8.

In conclusion, we have developed a palladium-catalysed
N-alkylation of anilines with tertiary amines that occurs
under transfer-hydrogenation conditions. The reactions pro-
ceed smoothly and efficiently to give the corresponding N-
alkylanilines in good to excellent yields.

Experimental Section

N-Propylaniline (Table 3, entry1): 10% Pd/C (0.032 g, 0.03 mmol,
1.5 mol % relative to aniline), freshly distilled aniline (0.186 g, 182.5 pL,
2.0 mmol), freshly distilled tri-n-propylamine (0.430 g, 571 uL, 3 mmol)
and dry toluene (2.5 mL) was added to an argon-filled 10 mL pressure-re-
sistant vial equipped with rubber septum and an aluminium cap. The mix-
ture was put in the microwave apparatus (CEM Discover, 2.45 GHz,)
and irradiated at 175°C with stirring. After 1.5 h the reaction vessel was
cooled to room temperature and the palladium catalyst was filtered off.
The solvent was removed in vacuo and the crude product was easily puri-
fied by column chromatography with hexane/ethyl acetate (95/5) to
afford N-propylaniline as a pale yellow liquid (0.250 g, 1.84 mmol, 92%).
The analytical values agree well with the literature. '"H NMR (300 MHz,
CDCly): 6=7.23-7.16 (m, 2H), 6.74-6.68 (m, 1H), 6.64-6.61 (m, 2H),
3.64 (brs, 1H), 3.10 (t, J=7.2 Hz, 2H), 1.67 (sextuplet, J=7.5 Hz, 2H),
1.02ppm (t, J=7.5Hz, 3H); "CNMR (75MHz, CDCl,): 6=148.7,
1294, 117.3, 1129, 46.0, 23.0, 11.9ppm; HRMS: m/z caled for
[CoH;3NH]*: 136.1126; found: 136.1118.
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In a subsequent study, the same model reaction was performed
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observed and low conversion (23 %) with Pd(OAc),. All these re-
sults, taken as a whole, support the hypothesis that the palladium on
charcoal (in this process) is a heterogeneous catalyst.
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