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Palladium-catalyzed amination of
2,3,3-trifluoroallyl esters: synthesis of
trifluoromethylenamines via an intramolecular
fluorine shift and CF3 group construction†

Kazuki Isa, Maki Minakawa and Motoi Kawatsura*

The palladium-catalyzed reaction of 2,3,3-trifluoroallyl esters with

several types of amines afforded trifluoromethylenamines, which

were formed by the addition of a nitrogen nucleophile at the C-2

position and the intramolecular construction of the trifluoromethyl

group via the fluorine atom shift from the C-2 to the C-3 position.

The palladium-catalyzed reaction of allylic compounds with nucleo-
philes generally provides allylic substituted products through the
attack of the nucleophile on the terminal carbon atom of the p-allyl
group.1,2 As an alternative reaction process, the formation of cyclo-
propane derivatives is known and the reaction proceeds by the attack
of the nucleophile on the central carbon atom of the p-allyl unit.3

Furthermore, there is an exceptional reaction process during the
palladium-catalyzed reaction of 2-haloallyl compounds with nucleo-
philes, and such a reaction provides a doubly-substituted product
through the palladacyclobutane intermediate.4–7 On the other
hand, the study of the transformation of fluorine-containing
organic compounds has recently attracted much attention,8 and
we have also reported several types of transition-metal catalyzed
reactions.9 For example, we previously reported that the
palladium-catalyzed reaction of 1-aryl-2,3,3-trifluoroallyl acetates
with carbon nucleophiles afforded branch-type allylic alkylated
products,9a and during the course of that study, we further found
that the reaction of 2,3,3-trifluoroallyl esters with amines pro-
vided trifluoromethylenamines10 as the major products. We now
report the synthesis of trifluoromethylenamines using the
palladium-catalyzed reaction of 2,3,3-trifluoroallyl esters with
amines, which includes the attack of the nitrogen nucleophile
on the C-2 carbon of the p-allyl moiety and intramolecular
construction of a trifluoromethyl group through a fluorine atom
shift via C–F bond activation.11–13

Based on our previous study of the palladium-catalyzed branch
selective allylic alkylation of 2,3,3-trifluoroallyl acetates (1a) with
carbon nucleophiles,9a we initially conducted the reaction with
1-phenylpiperazine (2a) using a Pd(OAc)2/xantphos (Pd/L = 1/2)
catalyst in dioxane at 60 1C. However, the reaction did not
produce the intended allylic aminated product, and we con-
firmed that the reaction provided the unexpected trifluoromethyl
group possessing the enamine 3aa,14,15 which was formed by the
addition of the amine nucleophile at the C-2 position and the
fluorine atom shift from the C-2 to the C-3 position, in low yield
(Table 1, entry 2). Based on this finding, we attempted to obtain
3aa in a high yield using a palladium catalyst. To increase the
formation of 3aa, we examined the reaction by Pd(OAc)2 using
several phosphine ligands, such as PPh3, DPPE, BINAP, and
DPPF, and found that a good yield (73%) was obtained when
DPPF was used as the ligand (Table 1, entries 3–6). Changing the
leaving group of the 2,3,3-trifluoroallyl substrates from acetate to
methyl or tert-butyl carbonate was also effective in increasing the

Table 1 Palladium-catalyzed amination of 1 with 2aa

Entry 1 L Yieldb (%)

1c 1a — 0
2 1a Xantphos 21
3 1a PPh3

d 0
4 1a DPPE 0
5 1a BINAP 34
6c 1a DPPF 73
7 1a0 DPPF 77
8 1a00 DPPF 92 (88)e

a Reaction conditions: 1 (0.17 mmol), 2a (0.24 mmol), 5 mol% of
Pd(OAc)2, and 10 mol% of L in dioxane (1 mL). b NMR yields. c The
reaction was conducted without the palladium catalyst and the ligand.
d 20 or 40 mol% of PPh3 was used. e Isolated yields in parentheses.
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yield (entries 7 and 8), and the reaction of 1a00 using the Pd(OAc)2/
DPPF catalyst realized the highest yield (92% NMR yield, 88%
isolated yield) (entry 8).

With the optimal conditions in hand, we examined the
palladium-catalyzed reaction of the 2,3,3-trifluoroallyl substrates
1a00–k00 with several cyclic amines 2a–i (Table 2). Although the
reaction with 2e required a higher reaction temperature (100 1C)
for obtaining the desired product, most reactions of 1a00 with

six-membered aliphatic amines, such as 2b–g, afforded the
intended trifluoromethyl group possessing enamines 3ab–ag
in 56–83% isolated yields. Both reactions with seven- or eight-
membered amines (2h or 2i) also provided the intended product
but their yields were slightly lower. We further demonstrated the
reactions of other 2,3,3-trifluoroallyl esters 1b00–f00, which contained
an electron-donating or withdrawing group at the para-position of
the phenyl group, and confirmed that all the reactions proceeded
smoothly in good to high yields. Allyl substrates 3g00 and 3h00, which
have o-tolyl or 1-naphthyl groups located at the C-1 position, also
gave the desired products 3ga and 3ha in 88% and 83% isolated
yields, respectively. Furthermore, although the Z/E ratio was low, we
confirmed that the intended reaction also proceeded for the alkyl
group-substituted allyl substrates 1j00 and 1k00.

To extend the scope of this reaction, we next examined the
reaction of 1a00 with several aromatic amines 4a–i. As shown in
Table 3, the N-methyl aniline analogues 4a–c provided the
trifluoromethylenamines 5aa–ac using the Pd(OAc)2/DPPF catalyst
at elevated temperatures. The reactions with 1,2,3,4-tetrahydro-
quinoline (4d) or indoline (4e) also proceeded smoothly and
afforded 5ad (84% at 100 1C) and 5ae (81%), respectively. Further-
more, the reactions with the aniline derivatives 4f–i afforded the
intended products 5af–ai in 45–84% yields.

We further examined the reaction of the 2,3,3-trifluoroallyl
esters with acyclic secondary aliphatic amines, such as 6a, but
unfortunately, the reaction using the optimized Pd(OAc)2/DPPF
catalyst did not provide any desired product (Table 4, entry 1).
Therefore, we reinvestigated a suitable palladium catalyst
which realized the desired reaction of 1a00 with 6a. Although

Table 2 Products of the Pd(OAc)2/DPPF-catalyzed amination of 1a00–k00

with cyclic aminesa,b

a All reactions were carried out with 1 (0.17 mmol), 2 (0.24 mmol), 5 mol%
of Pd(OAc)2, 10 mol% of DPPF in dioxane (1.0 mL) at 60 1C for 12 h unless
otherwise noted. b Isolated yields after chromatography are shown. c Ratios
were determined by 1H and 19F NMR analyses of crude materials.

Table 3 Products of the amination of 1a00 with aromatic aminesa,b

a All reactions were carried out with 1a00 (0.17 mmol), 4 (0.24 mmol), 5 mol%
of Pd(OAc)2, and 10 mol% of DPPF in dioxane (1.0 mL) at 60 1C for 12 h
unless otherwise noted. b Isolated yields after chromatography are shown.
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the catalyst activity of Pd2(dba)3 or [Pd(C3H5)Cl]2 with DPPF was
low (entries 2 and 3), we found that the [Pd(C3H5)(cod)]BF4 or
[Pd(PhC3H4)(cod)]BF4 with DPPF exhibited slightly better
results (entries 4 and 5). We further confirmed that the yields
increased upon the addition of AgBF4, and the desired product
7aa was obtained in 65% (using [Pd(C3H5)(cod)]BF4) or 75%
yield (using [Pd(PhC3H4)(cod)]BF4) (entries 6 and 7). Furthermore,
changing the solvent from dioxane to THF in the reaction and
using [Pd(PhC3H4)(cod)]BF4/DPPF/AgBF4 afforded the highest yield
(83% NMR yield) (entry 9). Based on these results, we concluded
that [Pd(PhC3H4)(cod)]BF4/DPPF/AgBF4 in THF is a suitable catalyst
for the reaction with acyclic secondary aliphatic amines.

We next demonstrated the reaction of 1a00 with several acyclic
secondary aliphatic amines 6b–l using [Pd(PhC3H4)(cod)]BF4/
DPPF/AgBF4 in THF at 60 1C (Table 5). Reactions with several
dialkylamines, such as 6b–h, successfully provided the corresponding
trifluoromethylenamines 7ab–ah in 70–97% isolated yields. We also
examined the reaction with some sterically-hindered substituents
possessing amines. For example, the reaction with N-methylcyclo-
hexanamine (6i) proceeded smoothly and provided the intended
product 7ai in 80% yield, but the reaction with diisopropylamine
(6j) required 10 mol% of the palladium catalyst, and the reaction with
dicyclohexylamine resulted in a low yield (31%). These results
indicated that the reaction with acyclic secondary aliphatic amines
proceeded, but the reactions are very sensitive to the steric factors of
amines. Unfortunately, we confirmed that the aliphatic primary
amines, such as benzylamine (6l), gave a very poor yield (12%).

Although the mechanistic details of the present unusual
reaction, especially the mechanism of the intramolecular fluorine
atom shift, are unclear, we outlined one possible reaction pathway in
Scheme 1. The trifluoroallyl substrate 1 forms a fluorine-containing
p-allylpalladium complex A, then palladacyclobutane B was obtained
via the attack of the nitrogen nucleophile on the central carbon atom
of the p-allyl moiety.4–7 In complex B, which might be unstable, the
formation of an iminium cation and the following intramolecular
fluorine atom shift occurred immediately and afforded the tri-
fluoromethylenamine 3. On the other hand, we also examined the

reaction of difluoroallyl ester 8, and observed that the reaction
provided the branch-type allylic aminated product 9 in low yield
(eqn (1)). These results suggest that the fluorine atom at the C-2
position is essential to realize the attack of the nitrogen nucleophile
on the C-2 carbon and formation of trifluoromethylenamines.
Further studies to reveal the details of the reaction mechanism will
be the subject of a future study.

Table 4 Palladium-catalyzed amination of 1a00 with 6aa

Entry [Pd] Additive Yieldb (%)

1 Pd(OAc)2 — 0
2c Pd2(dba)3 — 14
3c [Pd(C3H5)Cl]2 — o2
4 [Pd(C3H5)(cod)]BF4 — 25
5 [Pd(PhC3H4)(cod)]BF4 — 24
6d [Pd(C3H5)(cod)]BF4 AgBF4 65
7d [Pd(PhC3H4)(cod)]BF4 AgBF4 75
8d,e [Pd(C3H5)(cod)]BF4 AgBF4 68
9d,e [Pd(PhC3H4)(cod)]BF4 AgBF4 83 (65) f

a Reaction conditions: 1a00 (0.17 mmol), 6a (0.24 mmol), 5 mol% of [Pd],
and 10 mol% of DPPF in dioxane (1.0 mL). b NMR yields. c 2.5 mol% of
Pd2(dba)3 or [Pd(C3H5)Cl]2 was used. d 5 mol% of AgBF4 was added.
e THF was used as the solvent. f Isolated yields in parentheses.

Table 5 Products of the [Pd(PhC3H4)(cod)]BF4/DPPF/AgBF4-catalyzed
amination of 1a00 with 6b–la,b

a All reactions were carried out with 1a00 (0.17 mmol), 6b–l (0.24 mmol),
5 mol% of [Pd(PhC3H4)(cod)]BF4, 10 mol% of DPPF, and 5 mol% of AgBF4 in
THF (1.0 mL) at 60 1C for 12 h unless otherwise noted. b Isolated yields after
chromatography are shown. c Ratios were determined by 1H and 19F NMR
analyses of crude materials. d The reaction was conducted by 10 mol% of
[Pd(PhC3H4)(cod)]BF4, 20 mol% of DPPF, and 10 mol% of AgBF4.

Scheme 1 A possible reaction mechanism.

(1)
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In conclusion, we have demonstrated the palladium-catalyzed
reaction of 2,3,3-trifluoroallyl esters with amines and successfully
obtained trifluoromethylenamines. Although the exact reaction
pathway and mechanism are unclear, the product was formed via
the attack of nitrogen nucleophiles at the C-2 position and the
fluorine atom shift from the C-2 to the C-3 position. The study of
the mechanistic details and development of related reactions with
other types of nucleophiles are currently underway in our group.

We gratefully acknowledge financial support from the Asahi
Glass Foundation.
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( j ) M. Diéguez and O. Pàmies, Acc. Chem. Res., 2010, 43, 312.

3 (a) L. S. Hegedus, W. H. Darlington and C. E. Russell, J. Org. Chem.,
1980, 45, 5193; (b) H. M. R. Hoffmann, A. R. Otte and A. Wilde, Angew.
Chem., Int. Ed. Engl., 1992, 31, 234; (c) A. Wilde, A. R. Otte and H. M. R.
Hoffmann, J. Chem. Soc., Chem. Commun., 1993, 615; (d) A. R. Otte,
A. Wilde and H. M. R. Hoffmann, Angew. Chem., Int. Ed. Engl., 1994,
33, 1280; (e) H. M. R. Hoffmann, A. R. Otte, A. Wilde, S. Menzer and D. J.
Williams, Angew. Chem., Int. Ed. Engl., 1995, 34, 100; ( f ) C. Carfagna,
R. Galarini, A. Musco and R. Santi, J. Mol. Catal., 1992, 72, 19;
(g) C. Carfagna, L. Mariani, A. Musco, G. Sallese and R. Santi, J. Org.
Chem., 1991, 56, 3924; (h) M. Formica, A. Musco, R. Pontellini, K. Linn
and C. Mealli, J. Organomet. Chem., 1993, 448, C6; (i) A. Satake and
T. Nakata, J. Am. Chem. Soc., 1998, 120, 10391; ( j) A. Satake, H. Koshino
and T. Nakata, Chem. Lett., 1999, 49; (k) R. Grigg and M. Kordes, Eur.
J. Org. Chem., 2001, 707; (l) R. Shintani, S. Park and T. Hayashi, J. Am.
Chem. Soc., 2007, 129, 14866; (m) W. Liu, D. Chen, X.-Z. Zhu, X.-L. Wan
and X.-L. Hou, J. Am. Chem. Soc., 2009, 131, 8734.

4 (a) A. M. Castaño, A. Aranyos, K. J. Szabó and J.-E. Bäckvall, Angew.
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K. Altenhöner, M. Teltewskoi and S. Hinze, Angew. Chem., Int. Ed., 2009,
48, 1818; (g) B. M. Kraft, E. Clot, O. Eisenstein, W. W. Brennessel and
W. D. Jones, J. Fluorine Chem., 2010, 131, 1122; (h) M. Teltewskoi,
J. A. Panetier, S. A. Macgregor and T. Braun, Angew. Chem., Int. Ed., 2010,
49, 3947; (i) M. F. Kühnel and D. Lentz, Angew. Chem., Int. Ed., 2010,
49, 2933; ( j) M. Ohashi, T. Kambara, T. Hatanaka, H. Saijo, R. Doi and
S. Ogoshi, J. Am. Chem. Soc., 2011, 133, 3256; (k) M. E. Slaney,
M. J. Ferguson, R. McDonald and M. Cowie, Organometallics, 2012,
31, 1384; (l) M. F. Kuehnel, P. Holstein, M. Kliche, J. Krüger, S. Matthies,
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