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Abstract
This paper describes a synthesis of a-(trifluoromethyl)benzylamine via a novel base-free biomimetic reductive amination of a,a,a-

trifluoroacetophenone with benzylamine. When the corresponding imine, derived from a,a,a-trifluoroacetophenone and benzylamine was heated

at 200 8C under N2 for 1 day, the thermal 1,3-proton shift reaction took place giving rise to the N-(benzylidene)-a-(trifluoromethyl)benzylamine in

quantitative yield. This thermal 1,3-proton shift reaction was used a key step in the development of new and substantially simplified, practical and

operationally convenient procedure for preparation of the target a-(trifluoromethyl)benzylamine on large scale.

# 2007 Elsevier B.V. All rights reserved.
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1. Introduction

In the recent years, the interest of the synthesis of

organfluorine compounds has been ever increasing due to

their unique physical properties and/or biological activities. In

particular, a-trifluoromethyl-containing amines are currently

indispensable building blocks in the design and synthesis of

various fluorinated pharmaceuticals and agrochemicals [1,2].

For the last decade our group has been actively involved in the

development of practical and general methodology for

preparation of trifluoromethyl-containing amines [3], a-amino

[4] and b-amino acids [5]. In particular, we developed a

biomimetic approach for reductive amination of fluorinated

carbonyl compounds to the corresponding amines and amino

acids (Scheme 1) [6]. Our biomimetic approach is conceptually

different from the conventional reducing methods requiring

application of external reducing reagents. The biomimetic

approach makes use of the intramolecular reduction/oxidation

process via a base-catalyzed transposition of the imine

functionality. One of the most attractive features of this

reaction is that it is truly organocatalytic, metal-free and
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scaleable process which can be conducted under operationally

convenient conditions [7].

The mechanism of this biomimetic 1,3-proton shift has

never been studied in detail [8], however, it is widely believed

that it might be very similar to that more general case of

azomethine–azomethine isomerization, well-studied on biolo-

gical [9] and synthetic [10] models. It is generally accepted that

this isomerization occurs via a base-catalyzed 1,3-proton

transfer across the corresponding azaallylic anionic intermedi-

ate equilibrium of which to the covalent state adequately

correlated by the Hammett equation (r = 0.94) [11]. Thus, the

abstraction of the azaallylic proton by base and formation of the

corresponding close or solvent-separated ionic pair [10] is

experimentally proven as a crucial and imperative first step for

the general case of azomethine–azomethine isomerization.

Here we describe an unprecedented case of base-free,

thermal 1,3-proton shift reaction and its synthetic application

for substantially improved preparation of a-(trifluoromethyl)-

benzylamine (1) (Scheme 2) via biomimetic reductive

amination of a,a,a-trifluoroacetophenone with benzylamine.

2. Results and discussion

The literature [6a] procedure for preparation of amine 1

includes: (1) condensation of acetophenone 2 with benzylamine

3 under the Dean-Stark conditions; (2) chromatographic

mailto:vadim@ou.edu
http://dx.doi.org/10.1016/j.jfluchem.2007.02.008


Scheme 1.

Scheme 2.

Scheme 3.

M. Yasumoto et al. / Journal of Fluorine Chemistry 128 (2007) 736–739 737
purification of imine 4; (3) its TEA-catalyzed isomerization to

Schiff base 5; (4) chromatographic purification of 5; (5) its

hydrolysis to target amine 1. Since one of the projects in our

laboratories required relatively large amount of amine 1, we

decided to improve on this procedure and purify the

intermediate imine 4 via distillation to avoid the expensive

chromatographic purification. Imine 4 was prepared from 2 and

3 using acetic acid as a catalyst in chloroform as we reported

previously [12]. The crude imine 4 was distilled under reduced

pressure (10 mmHg) at the temperature of oil bath around

200 8C. First we were quite surprised to found that the distillate

crystallized at room temperature into nice colorless crystals

(mp 46.5 8C). However we were even more surprised to find out

(NMR) that the product was not the expected imine 4 but

isomerized Schiff base 5. We reasoned that some small amounts

of the starting benzylamine under high temperature can

catalyzed the isomerization; however, based on our extensive

knowledge of this reaction, this scenario was quite unlikely

[13]. Therefore, we suspected a possibility of a thermal 1,3-

proton shift reaction of imine 4.

To explore a possibility of thermal isomerization, we

prepared extremely pure imine 4. Thus, to remove any

possibility of the isomerization with trace amounts of

benzylamine, imine 4 was subject to a short silica gel column

chromatography, and then, distilled. In this case, due to

substantially higher vacuum (4 mmHg) and lower boiling point

(103 8C) the isomerization did not occur. Thus prepared

chemically pure imine 4 was heated at 200 8C in inert (N2)

atmosphere. Monitoring of the reaction by 19F NMR revealed

that the thermal isomerization took place relatively fast being

completed in 24 h. However, since we took several samples

from the reaction mixture, some atmospheric moisture caused

partial (�5%) hydrolysis of the starting imine 4 generating

acetophenone 2 and benzylamine 3. Therefore, the result of this

experiment was compromised by the presence of benzylamine

3, a possible catalyst of the isomerization. To prevent this
undesirable hydrolysis of the starting imine 4, we placed it in an

ampule under N2 and sealed the vessel. After heating at 200 8C
for 24 h the ampule was opened and the sample was analyzed

by 1H and 19F NMR to show that only the isomerized product

imine 5 was obtained in quantitative yield without any traces of

acetophenone 2 or benzylamine 3 or any other impurities.

Based on the result of this experiment, we concluded that this

reaction is the first example of a base-free, thermal 1,3-proton

shift reaction (Scheme 3).

To take a synthetic advantage of this new, thermal 1,3-proton

shift reaction, our attention was turned to practical and

convenient synthesis of amine 1. As discussed above, the

literature method [6a] for the synthesis of a-(trifluoromethyl)-

benzylamine 1, requires several chromatographic purifications

and TEA-catalyzed 1,3-proton shift. First step, to synthesize

imine 4, was conducted in benzene as a solvent with Dean-Stark

trap. High conversion was obtained in this condensation (>93%),

but small amount of isomerization to imine 5 and partial

hydrolysis of the imine 5 was also observed. After evaporation of

the solvent, the crude mixture was subjected to the thermal 1,3-

proton shift reaction conditions: without adding any solvents or

bases, by heating at 200 8C. After 24 h, the isomerization was

completed, and the product imine 5 was obtained by distillation

(130 8C/5 mmHg). Then, the imine 5 was hydrolyzed by 3N HCl,

and neutralized by aq. NaOH to furnish a-(trifluoromethyl)-

benzylamine 1 in 78% overall yield based on ketone 2.

Compared to the previous method [6a], this procedure is

much more operationally convenient with the respect to (1)
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simple work-up after the condensation reaction (only evapora-

tion of the solvent without any further purification) and (2) a

base-free 1,3-proton shift reaction.

In conclusion, we found the unprecedented example of a

base-free 1,3-proton shift reaction. This finding allows us to

prepare the amine 1 in high chemical yield and purity via

biomimetic transamination of a,a,a-trifluoroacetophenone 2

with benzylamine under operationally convenient conditions.

The detail mechanistic studies of the thermal 1,3-proton shift

reaction are in progress now.

3. Experimental

3.1. General methods

Unless otherwise noted, all reagents and solvents were

obtained from commercial suppliers and used without further

purification. All the reactions were carried out under regular

atmosphere without any special caution to exclude air. Unless

indicated, 1H, 19F NMR spectra were taken in CDCl3 solutions

at 299.95 and 282.24 MHz, respectively on an instrument in the

University of Oklahoma NMR Spectroscopy Laboratory.

Chemical shifts refer to TMS (1H NMR) and fluorotrichlor-

omethane (19F NMR) as the internal standards. Yields refer to

isolated yields of products with greater than 95% purity as

estimated by 1H NMR spectrometry. Melting points (mp) are

uncorrected and were obtained in open capillaries.

3.2. Procedure for preparation of a-

(trifluoromethyl)benzylamine (1) from a,a,a-

trifluoroacetophenone (2)

To the solution of a,a,a-trifluoroacetophenone 2 (5.00 g,

28.7 mmol) and acetic acid (1.90 g, 31.6 mmol) in benzene

(20 mL), a benzene (9 mL) solution of benzylamine 3 (3.38 g,

31.5 mmol) was added at r.t. The solution was refluxed with

azeotropic removal of water for 1 day using a Dean-Stark trap.

Then, benzene was removed under reduced pressure. The

mixture was heated at 200 8C for 24 h. Upon the completion of

isomerization (monitored by 19F NMR), the product imine 5

(6.20 g) was obtained by distillation (130 8C/5 mmHg). Imine 5

was stirred with 3N HCl (50 mL) and diethyl ether (10 mL) for

1 day at r.t. After separation, aqueous layer was washed with

diethyl ether (20 mL). Water was removed under reduced

pressure to provide hydrochloride salt of amine 1. The salt was

dissolved with ethyl acetate, 3N NaOH aq. was added until the

aqueous layer became pH 14. After extraction of the aqueous

layer, the ethyl acetate was removed under reduced pressure to

give a-(trifluoromethyl)benzylamine 1 (3.90 g, 78% yield from

acetophenone 2) (>95% purity by 1H, 19F NMR).

3.3. N-Benzylidene-1-phenyl-2,2,2-trifluoroethylamine 5
[6a]

1H NMR d 4.80 (q, 1 H, J = 7.6 Hz), 7.38–7.46 (m, 6 H),

7.55–7.57 (m, 2 H), 7.83–7.85 (m, 2 H), 8.39 (s, 1 H); mp

46.5 8C.
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