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Highly selective alkyl transfer processes of mono-, di- and

trialkyl amines in the presence of the Shvo catalyst have been

realized; in addition, a general method for N-alkylation of

aniline with di- and trialkyl amines is presented.

Metabolic N-dealkylation is an important biotransformation

in nature. Such processes are catalyzed by monooxygenases

such as Cytochrome P 450,1 although these enzymes are

mainly known for oxidation reactions such as hydrocarbon

hydroxylation and alkene epoxidation.2 Ever since the identi-

fication of the first dealkylation catalyst,3 the understanding

and the development of new systems is of significant interest,

albeit only a few methods are known.4

In recent years, the synthesis of aniline derivatives has

received high attention. Aromatic amines play an outstanding

role as biologically active compounds.5 In addition, for in-

dustry the development of improved syntheses is of enormous

interest. Among the various methods, the widely used

palladium- and copper-catalyzed aminations of aryl halides

(Buchwald–Hartwig aminations) became the most general

method to form C–N bonds of aromatic amines.6,7 Apart

from well established aryl halides, tosylates and triflates,

simple anilines constitute available and cheap substrates.

Recently, we have described the first arylation of aliphatic

amines with anilines leaving ammonia as the only side-product

(Scheme 1).8 In the presence of the so-called Shvo catalyst 19,10

a variety of functionalized anilines and primary amines react

smoothly to give the corresponding aryl amines in excellent

yields.11

In this communication we present our new studies of the

dealkylation of aliphatic amines combined with the selective

synthesis of monoalkylated aniline derivates. For the first time

it is shown that starting from primary, secondary and tertiary

amines, a complete and selective transfer of all alkyl groups

takes place highly selectively.

As a starting point of our investigations we compared the

amination of aniline with n-hexylamine, di-n-hexylamine and

tri-n-hexylamine. To our surprise, all the different hexylamines

are converted in high yields (75–87%) to the same N-hexylani-

line (Scheme 2)! Especially remarkable is the activation and

alkyl transfer of the tertiary amine.

Upon optimization we found that two equivalents of aniline

per hexyl group in the presence of 1 mol% of the Shvo catalyst

in tert-amyl alcohol gave the best results. Notably, a mixture

of mono-, di- and tri-n-hexylamine is also converted highly

selectively to give N-hexylaniline (Scheme 3).

We believe that the reaction proceeds through a hydrogen

borrowing mechanism as proposed by Williams,12 which

involves dehydrogenation of the amine, imine formation,

nucleophilic attack by the aniline, elimination of ammonia,

and final hydrogenation. To confirm this mechanism, a reac-

tion was carried out with labeled aniline-15N and dibenzyl-

amine. The resulting N-benzylaniline was obtained in 96%

isolated yield and showed 499% of 15N-labelling (Table 1,

entry 5).13

Of note, in this alkyl transfer reactions the hydrogen donors

for the final hydrogenation step are the primary, secondary

and tertiary amines. Hence, no additional hydrogen or hydro-

gen transfer reagent is required in the process. Advantageously

there is no need for high-pressure equipment which is used

often in hydrogenation reactions such as reductive amination.

As shown in Scheme 4 under the reaction conditions,

equilibrium between the mono-, di- and trialkyl amines is

observed. All alkyl amines are converted into each other and

can be monitored until the reaction is finished (reversible

steps).14,15 However, by reaction of the respective imines or

iminium species with aniline, the correspondingN-hexylaniline

is formed in an irreversible step. Thus, reaction of

tri-n-hexylamine with aniline yields exclusively N-hexylaniline

and di-n-hexylamine. Then, the next alkyl group is transferred.

Finally, the reaction of n-hexylamine with aniline, results in

the formation of ammonia (irreversible step).

Next, we were interested in the generality of the dealkylation

process and their application in the N-alkylation of aniline

with various di- and trialkyl amines. Using polyalkylated

short-chain amines, this method provides a convenient access

Scheme 1 Arylation of aliphatic amines using the Shvo catalyst 1.

Scheme 2 Amination of aniline with different alkyl amines (isolated
yields are based on hexyl groups).
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to monoalkylated anilines with short-chain alkyl groups. For

comparison, in the Buchwald–Hartwig reaction, these com-

pounds have to be synthesized from the corresponding volatile

amines using a sealed tube technique,16 benzylmethylamine or

methylammonium chloride.17

Instead of ethylamine (bp, 16.6 1C), propylamine (bp,

48 1C), isopropylamine (bp, 33.5 1C), we are able to use the

convenient non-volatile triethylamine, dipropylamine and

diisopropylamine (Table 1, entries 1–3). Excellent yields of

92–98% are observed. In addition, different alkyl amines and

aminoalkoxyethers are converted in excellent selectivity and

high yields (Table 1, entries 4, 5, 7–10). So far, only the full

conversion of tertiary benzylic amine poses a challenge

(Table 1, entry 6).

In summary, we have presented the first selective N-alkyla-

tion with mono-, di- and trialkyl amines. This tool provides a

general access to the synthesis of monoalkylated aryl amines

via alkyl transfer and acts as a model for metabolic N-deal-

kylations. This novel reaction is highly atom efficient leaving

only ammonia as side-product and can be conveniently carried

out. Further applications with functionalized anilines as well

as other alkyl amines can be easily envisioned.
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