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A B S T R A C T

A convenient access to (2S,3S)-b-(trifluoromethyl)-a,b-diamino acid is reported by using highly

diastereoselective Mannich addition reactions of either chiral or achiral Ni(II) complexes derived from

glycine Schiff bases to a chiral sulfinimine, N-tert-butylsulfinyl-3,3,3-trifluoroacetaldimine. Disassembly

of the resultant Ni(II) complexes affords the target amino acid which was, for the first time, isolated in

enantiomerically pure form and fully characterized.

� 2014 Elsevier B.V. All rights reserved.
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1. Introduction

The design and synthesis of fluorine-containing amino acids
and peptides [1] is a very active research field with major
implications in chemistry and biology as well as the discovery of
new drug candidates [2]. Thus, it is well-known that the selective
fluorination of peptidic compounds usually contributes to an
improvement of their chemical and thermal stabilities, and hence
to their bioavailability. In particular, introduction of trifluoro-
methyl groups into amino acids is a common strategy in the quest
for new bioactive compounds because of the unique characteristics
of the CF3 moiety. In recent years there has been a tremendous
upsurge of synthetic methodologies for the convenient trifluor-
omethylation of organic compounds, especially on late stages of
the synthetic processes without affecting sensitive functional
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joseluis.acena@ehu.es (J.L. Aceña).

Please cite this article in press as: A. Kawamura, et al., J. Fluorine C

http://dx.doi.org/10.1016/j.jfluchem.2014.09.013

0022-1139/� 2014 Elsevier B.V. All rights reserved.
groups [3]. Nonetheless, using CF3-bearing building blocks as
starting materials is still a valuable approach, provided that
these small molecules are readily available, and preferably
chiral [4].

Among amino acids, a,b-diamino acids constitute an important
group of compounds widely found in nature as structural motifs of
biologically relevant molecules [5]. However, the preparation of
their fluorinated analogues is surprisingly a much underdeveloped
area. In this context, it should be mentioned that the synthetic
access to b-(trifluoromethyl)-a,b-diamino acid (2S,3S)-5 was
reported through the Mannich addition to PMP-protected imine
2 using Ni(II) complex (S)-1 as a nucleophilic glycine equivalent
(NGE) [6] (Scheme 1). Thus, when the reaction was conducted
under conditions of kinetic control, the process took place with
moderate diastereoselectivity to afford adduct (S)(2S,3S)-3 as the
major isomer. It should be emphasized that synthetic access to (S)-
1 is very straightforward from N-benzylproline, 2-aminobenzo-
phenone, glycine and a Ni(II) salt [7]. Furthermore, its hydrolytic
disassembly rendered the target compound (2S,3S)-5 with
quantitative recovery of the corresponding ligand (S)-6, that can
be conveniently recycled in the production of complex (S)-1.
hem. (2014), http://dx.doi.org/10.1016/j.jfluchem.2014.09.013
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Scheme 1. Synthesis of CF3-diamino acid (2S,3S)-5 from chiral Ni(II) complex (S)-1.
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Fig. 1. Structures of sulfinimines (SS)- and (RS)-7.
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Alternatively, N-tert-butylsulfinyl-3,3,3-trifluoroacetaldimine
7 is a chiral sulfinimine derived from trifluoroacetaldehyde
(fluoral) and accessible in both enantiomeric forms [8] (Fig. 1).
This compound has been employed for the expedient synthesis of a
wide variety of a-(trifluoromethyl)amines [9]. For instance,
several Mannich-type processes have been performed with (SS)-
or (RS)-7 by reaction with enolates derived from a-hydroxyesters
[10], malonates [11] or indanones [12], as well as with other
nucleophiles such as phosphites [13], lithium anions derived from
phosphonates [14] or heterocycles [15].

Recently, it was found that Mannich adducts (2S,3S)(SS)-9 were
formed in very good yield and excellent diastereoselectivity upon
reactions of sulfinimine (SS)-7 with benzophenone imines of
glycine esters 8 [16] (Scheme 2). Nevertheless, implementation of
this approach for the preparation of the corresponding free a,b-
diamino acid (2S,3S)-10 may not be feasible on a large scale due to
the relative instability of NGEs 8. It would be also desirable to take
advantage of alternative types of NGEs which could be recovered
and recycled after releasing the target amino acid molecule. As
F3C N
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O

(SS)-7

Ph N CO2R

Ph
+

8
(89

C

Scheme 2. Mannich reaction betwee
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previously stated, these drawbacks can be circumvented by
employing Ni(II) complexes derived from glycine Schiff bases
such as (S)-1. Consistent with our interest in the synthesis of
fluorine-containing biological relevant compounds in general [17]
and in particular amino acids using the numerous applications of
this class of NGEs [18–20], the aim of the current work is to explore
the reactivity of different chiral and achiral Ni(II) complexes
towards sulfinimine 7, with the ultimate goal of accessing the
previously unreported a,b-diamino acid (2S,3S)-10 on a relatively
large scale.

2. Results and discussion

Our investigation began with the Mannich reaction of chiral
Ni(II) complex (S)-1 and chiral sulfinimines (SS)- or (RS)-7. It would
be anticipated that a pair of matched and mismatched reactions
would emerge, according to the stereodirecting bias of both
reactants. Thus, it is well established that kinetic control in the
alkylation reactions of Ni(II) complex (S)-1 usually affords up to
85:15 diastereoselectivity, favoring the corresponding (S) config-
uration at the a-carbon [21], and that was also the case in the
previously shown example of a Mannich reaction with an achiral
imine [6] (Scheme 1). On the other hand, the high facial selectivity
displayed by chiral sulfinimine 7 was also demonstrated [9–15].
Therefore, the reaction of complex (S)-1 with sulfinimine (SS)-7
constituted a perfectly matched case since essentially only one
diastereomer (S)(2S,3S)(SS)-11 was observed (Scheme 3). In
contrast, the analogous reaction using the enantiomeric sulfini-
mine (RS)-7 produced a mixture of two major diastereomers
N
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Scheme 3. Mannich reactions between Ni(II) complex (S)-1 and sulfinimines (SS)- and (RS)-7.
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(S)(2R,3R)(RS)-12 and (S)(2S,3R)(RS)-13 in 63:37 ratio, along with
traces of two minor ones. Diastereomers 12 and 13 were easily
separated by column chromatography on silica gel.

Although we were unable to get suitable crystals for
unambiguous X-ray structural determination, the stereochemical
assignment of compounds 11–13 was carried out based on our
previous experience on this type of transformations, in particular
by correlation with known compounds 3 and 4 (Table 1). First of all,
it should be mentioned that this class of compounds usually
display high optical rotation values as a result of the inherent
helical chirality associated, and in the case of (S)-configured a-
monosubstituted Ni(II) complexes the [a]D

25 value always has a
positive sign [22]. This trend was obeyed in complexes 3 and 4, and
this also served to establish the a-(S) configuration in compounds
11 and 13, whereas complex 12, showing a negative sign of [a]D

25

albeit in a much lower absolute value, should contain an (R)-
configured a-carbon.

The second parameter studied was the chemical shift of the CF3

group in the 19FNMR spectra. It was previously observed for the
anti/syn pair of diastereomers 3 and 4 that the lowest chemical
shift (in absolute value) corresponded to the syn diastereomer 3
(referred to the orientation of both amino groups). Although the
difference in chemical shifts in compounds 12 and 13 was reduced
Table 1
Chiroptical and NMR data of compounds 3–4, 11–13.

Compound Relative

configuration

[a]D
25 19FNMR 1HNMR

d CF3 d NH 

(S)(2S,3S)-3 syn +3030 �68.6 5.10 (d, 

(S)(2S,3R)-4 anti +5870 �72.4 4.11 (d, 

(S)(2S,3S)(SS)-11 syn +2197 �68.2 5.59 (d, 

(S)(2R,3R)(RS)-12 syn �235 �68.5 5.67 (d, 

(S)(2S,3R)(RS)-13 anti +1563 �69.6 4.13 (d, 

Please cite this article in press as: A. Kawamura, et al., J. Fluorine C
to only 1 ppm, the relative orientation was tentatively assigned as
syn in compound 12 and consequently anti in 13.

Finally, the 1HNMR data provided more insights about the
structural determination of these compounds, based again on the
previously reported data of compounds 3 and 4. For instance, the
signal corresponding to the NH proton is always a doublet with a
10–12 Hz coupling constant. In the case of the syn diastereomer 3
this signal appear at 5.10 ppm, which is similar to what is also
observed in syn Mannich adduct 9 (5.07 ppm, d, J = 10.7 Hz)
derived from an achiral NGE. However, in the anti diastereomer 4
the corresponding peak came out at 4.11 ppm. When the signal
corresponding to the NH proton was studied on compounds 11–13,
it was shown that compounds 11 and 12 had a much deshielded
peak (5.59 and 5.67 ppm, respectively) compared to compound 13
(4.13 ppm). As a result, these data confirmed the syn relative
relationship in complexes 11 and 12, whereas compound 13 had
anti disposition. Further evidence arose from the analysis of the
signals corresponding to a- and b-protons matching those
previously reported for complexes 3 and 4.

Despite the good results obtained thus far, we were also willing
to explore the reactivity in the case of achiral glycine Schiff base
Ni(II) complexes of the new generation such as 14, due to its
enhanced chemical reactivity compared to complex (S)-1 as well as
d CH-a d CH-b

J = 10.0 Hz) 4.21 (d, J = 5.0 Hz) 3.70 (m)

J = 12.2 Hz) 4.48 (s) 3.77–3.85 (m)

J = 10.3 Hz) 4.12 (d, J = 4.9 Hz) 3.60–3.70 (m)

J = 10.3 Hz) 4.13 (d, J = 4.9 Hz) 3.54 (dd, J = 10.1, 4.8 Hz)

J = 10.6 Hz) 4.28–4.40 (m)

hem. (2014), http://dx.doi.org/10.1016/j.jfluchem.2014.09.013
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Table 2
Chiroptical and NMR data of compounds 15–16.

Compound Relative

configuration

[a]D
25 19FNMR 1HNMR

d CF3 d NH d CH-a d CH-b

(2S,3S)(SS)-15 syn +2247 �68.2 5.60 (d, J = 10.3 Hz) 4.10 (d, J = 4.9 Hz) 3.65–3.79 (m)

(2R,3S)(SS)-16 anti �1751 �70.3 4.19 (d, J = 11.1 Hz) 4.40 (d, J = 2.6 Hz) 4.04–4.14 (m)
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its easier synthetic access through a modular assembly of four
different units: 2-aminobenzophenone, 2-bromoacetyl bromide,
di-n-butylamine and glycine [23] (Scheme 4). Remarkably, 14
reacted with chiral sulfinimine (SS)-7 to render a mixture of
diastereomers in very high selectivity (94:6) that were separable
by column chromatography on silica gel. The reaction could be
easily and reliably scaled-up to 4.7 g without changes in the
chemical yield or the diastereoselectivity.

Once again, the stereochemistry of adducts 15 and 16 was
elucidated by matching their physical and spectroscopic char-
acteristics with those of compounds 3 and 4 (Table 2) as well as the
literature data. By observation of the optical rotation values and
NMR data, it was concluded that major diastereomer 15 had syn

relative orientation with an (S)-a-configured carbon, and therefore
its absolute configuration was assigned as (2S,3S)(SS). In the case of
minor diastereomer 16, all spectral and chiroptical data indicated
its (2R,3S)(SS) absolute configuration.
N N
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O

OO

Ni H
N
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2) ion exchange resi
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Scheme 5. Synthesis of dia
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Finally, the synthetic relevance of this method was demon-
strated by preparation of free a,b-diamino acid (2R,3S)-10 by
hydrolytic treatment (1 M HCl, MeOH) of the major diastereo-
meric complex (2S,3S)(SS)-15 (Scheme 5). Thus, diamino acid 10
was obtained in good yield after purification using an ion-
exchange resin, and the corresponding organic ligand 17 was
also recovered from the organic extracts and reused in the
production of the starting complex 14. In contrast to our
previous experience on the synthesis of free amino acids by
disassembly of Ni(II) complexes [24], this particular case proved
to be somewhat difficult in order to isolate the final compound
from the aqueous extracts, since some by-products (most likely
coming from the hydrolysis of the sulfinimine moiety) were
mixed with the target diamino acid and later on co-eluted during
the resin purification. Therefore, a modified procedure was
applied involving several extractions of the aqueous phase at
different pHs.
F3C
CO2H

NH2

NH2

(2S,3S)-10

NH O

Ph

O

N

+

n

17

mino acid (2S,3S)-10.

hem. (2014), http://dx.doi.org/10.1016/j.jfluchem.2014.09.013
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3. Conclusions

In summary, we have developed a synthetically useful protocol
for the addition to N-tert-butylsulfinyl-3,3,3-trifluoroacetaldimine
7, employing glycine Schiff base Ni(II) complexes as Mannich
donors. The process took place with complete diastereoselectivity
using a chiral Ni(II) complex, provided that a matched pair of
reactants was chosed, but also with high selectivity in the case of
an achiral complex derived from N,N-di-n-butylamine, that
resulted much cheaper and easier to produce. Isolation of the
final (2S,3S)-b-(trifluoromethyl)-a,b-diamino acid 10 was accom-
plished on a relatively large scale by disassembly of the Ni(II)
complex under acidic conditions, followed by purification on an
ion-exchange resin.

4. Experimental

4.1. General procedure for the Mannich reaction of Ni(II) complexes to

sulfinimines (SS)- or (RS)-7

DBU (15 mol %) was added to a solution of the corresponding
Ni(II) complex (1 equiv.) and either (SS)- or (RS)-7 (1.5 equiv) in
MeCN (0.1 M). The mixture was stirred at room temperature for
30 min, and then H2O was added. The crude was extracted with
CH2Cl2, and the organic layer was dried over Na2SO4, concentrated
at reduced pressure and purified on column chromatography on
silica to render the corresponding Mannich adduct.

4.1.1. Mannich adduct (S)(2S,3S)(SS)-11
According to the general procedure, from 105 mg (0.211 mmol)

of (S)-1, 121 mg of (S)(2S,3S)(SS)-11 were obtained (82% yield).
[a]D

25 = +2197.3 (c 0.166, CHCl3). 1H NMR (300 MHz, CDCl3): d 1.03
(s, 9H), 2.04–2.18 (m, 2H), 2.48–2.63 (m, 1H), 2.80–2.92 (m, 1H),
3.35–3.56 (m, 3H), 3.60–3.70 (m, 1H), 3.63 (d, J = 12.7 Hz, 1H), 4.12
(d, J = 4.9 Hz, 1H), 4.34 (d, J = 12.6 Hz, 1H), 5.59 (d, J = 10.3 Hz, 1H),
6.62 (dd, J = 8.3, 1.8 Hz, 1H), 6.70 (ddd, J = 7.6, 6.8, 1.2 Hz, 1H),
7.00–7.05 (m, 1H), 7.18–7.27 (m, 2H), 7.26–7.32 (m, 1H), 7.39 (t,
J = 7.6 Hz, 2H), 7.58–7.65 (m, 3H), 8.09 (d, J = 7.9 Hz, 2H), 8.31 (dd,
J = 8.7, 1.1 Hz, 1H). 13CNMR (75.5 MHz, CDCl3): d 22.0, 22.3, 30.4,
56.6, 57.1, 57.7 (q, 2JCF = 29.8 Hz), 63.4, 67.1, 70.6, 120.5, 123.4,
124.5 (q, 1JCF = 285.0 Hz), 125.6, 126.0, 127. 4, 128.6, 128.7, 129.4,
129.6, 130.2, 131.2, 132.9, 133.2, 133.3, 133.5, 143.1, 173.1, 176.1
and 180.2. 19FNMR (376.4 MHz, CDCl3): d �68.2 (s, 3F). HRMS:
calculated for C33H36F3N4O4SNi [M + H]+ 699.1763, found
699.1772.

4.1.2. Mannich adducts (S)(2R,3R)(RS)-12 and (S)(2S,3R)(RS)-13
According to the general procedure, from 116 mg (0.233 mmol)

of (S)-1, 47 mg of (S)(2R,3R)(RS)-12 (29% yield) and 92 mg of
(S)(2S,3R)(RS)-13 (56% yield) were obtained. Data of (S)(2R,3R)(RS)-
12: [a]D

25 = �235.4 (c 0.081, CHCl3). 1HNMR (300 MHz, CDCl3): d
1.03 (s, 9H), 1.76–1.88 (m, 1H), 1.95–2.10 (m, 1H), 2.16–2.28 (m,
1H), 2.48 (ddd, J = 11.3, 9.9, 6.1 Hz, 1H), 2.66–2.83 (m, 1H), 3.54
(dd, J = 10.1, 4.8 Hz, 1H), 3.79–3.93 (m, 2H), 4.06 (d, J = 13.3 Hz,
1H), 4.13 (d, J = 4.9 Hz, 1H), 5.00 (d, J = 13.3 Hz, 1H), 5.67 (d,
J = 10.3 Hz, 1H), 6.77 (ddd, J = 7.6, 6.8, 1.2 Hz, 1H), 6.87 (dd, J = 8.4,
1.7 Hz, 1H), 7.17–7.30 (m, 2H), 7.33 (ddd, J = 7.8, 6.8, 1.8 Hz, 1H),
7.40–7.52 (m, 3H), 7.58–7.71 (m, 3H), 7.78–7.83 (m, 2H), 8.49 (dd,
J = 8.8, 1.1 Hz, 1H). 13CNMR (75.5 MHz, CDCl3): d 22.3, 23.6, 30.9,
56.5, 56.8, 58.5 (q, 2JCF = 29.6 Hz), 61.5, 67.7, 68.2, 120.9, 124.2,
124.6 (q,1JCF = 285.3 Hz), 125.1, 126.1, 128.5, 128.9, 129.2, 129.5,
129.8, 130.3, 131.6, 132.1, 133.3, 133.7, 134.1, 143.6, 174.1, 176.6
and 182.5. 19FNMR (376.4 MHz, CDCl3): d �68.5 (s, 3F). HRMS:
calculated for C33H36F3N4O4SNi [M + H]+ 699.1763, found
699.1760. Data of (S)(2S,3R)(RS)-13: [a]D

25 = +1562.8 (c 0.018,
CHCl3). 1HNMR (300 MHz, CDCl3): d 1.34 (s, 9H), 2.06–2.23 (m, 2H),
Please cite this article in press as: A. Kawamura, et al., J. Fluorine C
2.50–2.66 (m, 1H), 2.78–2.90 (m, 1H), 3.19–3.36 (m, 1H), 3.47–3.57
(m, 2H), 3.65 (d, J = 12.7 Hz, 1H), 4.13 (d, J = 10.6 Hz, 1H), 4.28–4.40
(m, 2H), 4.47 (d, J = 12.7 Hz, 1H), 6.67–6.71 (m, 2H), 7.10–7.22 (m,
3H), 7.28–7.38 (m, 3H), 7.49–7.64 (m, 3H), 8.01–8.07 (m, 2H), 8.39
(dt, J = 8.5, 0.9 Hz, 1H). 13CNMR (75.5 MHz, CDCl3): d 22.1, 23.8,
30.4, 57.1, 57.9, 58.3 (q, 2JCF = 30.5 Hz), 63.7, 68.7, 70.4, 120.6,
123.2, 123.3 (q, 1JCF = 284.1 Hz), 125.4, 126.9, 128.3, 128.8, 128.9,
129.1, 129.4, 130.3, 131.4, 133.1, 133.1, 133.7, 134.0, 143.2, 173.6,
174.8 and 180.1. 19FNMR (376.4 MHz, CDCl3): d �69.6 (s, 3F).
HRMS: calculated for C33H36F3N4O4SNi [M + H]+ 699.1763, found
699.1771.

4.1.3. Mannich adducts (2S,3S)(SS)-15 and (2R,3S)(SS)-16
According to the general procedure, from 4.7 g (9.79 mmol) of

14, 4.8 g of (2S,3S)(SS)-15 (72% yield) and 0.3 g of (2R,3S)(SS)-16 (4%
yield) were obtained. Data of 15: [a]D

25 = +2246.8 (c 0.106, CHCl3).
1HNMR (300 MHz, CDCl3): d 1.02 (s, 9H), 1.04 (t, J = 7.3 Hz, 3H),
1.08 (t, J = 7.4 Hz, 3H), 1.24–1.68 (m, 4H), 1.79–1.95 (m, 1H), 2.21
(td, J = 12.3, 4.9 Hz, 1H), 2.53–2.70 (m, 5H), 2.94 (td, J = 12.4, 3.8 Hz,
1H), 3.04 (d, J = 16.4 Hz, 1H), 3.65–3.79 (m, 1H), 3.90 (d, J = 16.4 Hz,
1H), 4.10 (d, J = 4.9 Hz, 1H), 5.60 (d, J = 10.3 Hz, 1H), 6.73–6.83 (m,
2H), 7.07–7.12 (m, 1H), 7.28–7.32 (m, 1H), 7.38 (ddd, J = 7.6, 6.6,
2.1 Hz, 1H), 7.56–7.68 (m, 3H), 8.71 (dd, J = 8.7, 1.1 Hz, 1H).
13CNMR (75.5 MHz, CDCl3): d 13.6, 13.7, 20.5, 20.6, 22.1, 26.6, 29.2,
56.7, 57.3, 57.9 (q, 2JCF = 29.6 Hz), 60.6, 62.0, 67.2, 120.9, 123.6,
124.6 (q, 1JCF = 285.3 Hz), 125.7, 126.1, 127.7, 129.5, 129.7, 130.3,
133.4, 133.7, 133.8, 143.3, 173.4, 176.0 and 177.4. 19FNMR
(376.4 MHz, CDCl3): �68.2 (s, 3F). HRMS: calculated for
C31H42F3N4O4SNi [M + H]+ 681.2232, found 681.2241. Data of
16: [a]D

25 = �1750.9 (c 0.087, CHCl3). 1HNMR (300 MHz, CDCl3): d
1.02 (t, J = 7.2 Hz, 3H), 1.09 (t, J = 6.2 Hz, 3H), 1.32–1.70 (m, 5H),
1.53 (s, 9H), 1.75–1.90 (m, 1H), 2.20–2.36 (m, 1H), 2.40–2.61 (m,
2H), 2.66–3.02 (m, 3H), 3.10 (d, J = 16.2 Hz, 1H), 4.01 (d, J = 16.2 Hz,
1H), 4.04–4.14 (m, 1H), 4.19 (d, J = 11.1 Hz, 1H), 4.40 (d, J = 2.6 Hz,
1H), 6.78–6.81 (m, 2H), 7.05–7.12 (m, 1H), 7.30–7.41 (m, 2H),
7.55–7.63 (m, 3H), 8.61 (dt, J = 8.6, 0.8 Hz, 1H). 13CNMR (75.5 MHz,
CDCl3): d 13.8, 13.9, 20.5, 20.8, 22.4, 24.7, 29.3, 56.3, 58.0, 59.1 (q,
2JCF = 30.7 Hz), 59.1, 63.3, 68.5, 121.1, 123.1 (q, 1JCF = 285.2 Hz),
123.6, 126.1, 126.8, 127.6, 129.4, 129.6, 130.4, 133.4, 133.5, 134.1,
143.1, 173.4, 174.5 and 176.3. 19FNMR (376.4 MHz, CDCl3): d �70.3
(s, 3F). HRMS: calculated for C31H42F3N4O4SNi [M + H]+ 681.2232,
found 681.2245.

4.2. Synthesis of (2S,3S)-10

1 M HCl (17.4 mL, 17.4 mmol) was added to a solution of
(2S,3S)(SS)-15 (1.7 g, 2.49 mmol) in MeOH (51 mL). The mixture
was stirred at 50 8C for 4 h, and then concentrated in vacuo. The
crude was partitioned between EtOAc (35 mL) and H2O (35 mL),
and the layers were separated. The organic layer was extracted
with H2O (34 mL) and 0.01 M HCl (17 mL), and the combined
aqueous layers were adjusted to pH = 7.5–8 with conc. NH4OH
(0.9 mL), then washed twice with CH2Cl2 (34 mL and 17 mL). The
aqueous layers were next adjusted to pH < 2 with 1 M HCl
(10.5 mL) and washed with EtOAc (35 mL) and 2-methyl-1-
propanol (8 mL, twice). The combined organic layers (EtOAc and
CH2Cl2) were washed with sat. aq. NaHCO3 (10 mL) and brine
(10 mL), dried over Na2SO4 and concentrated in vacuo to give
recovered ligand 17 (789 mg, 86%). The combined aqueous layers
were directly charged on a SK-1B column eluting with H2O to 8%
NH4OH to afford diamino acid 10 (371.5 mg, 86.5%). [a]D

25 = �7.8
(c 0.98, H2O). 1HNMR (300 MHz, D2O): d 3.99 (d, J = 3.1 Hz, 1H),
4.05 (qd, J = 8.1, 3.1 Hz, 1H). 13CNMR (50.3 MHz, D2O): d 53.4 (q,
2JCF = 29.3 Hz), 54.5, 125.9 (q, 1JCF = 280.0 Hz) and 171.2. 19FNMR
(376.4 MHz, D2O): d �75.0 (s, 3F). HRMS: calculated for
C4H8F3N2O2 [M + H]+ 173.0538, found 173.0536.
hem. (2014), http://dx.doi.org/10.1016/j.jfluchem.2014.09.013

http://dx.doi.org/10.1016/j.jfluchem.2014.09.013


A. Kawamura et al. / Journal of Fluorine Chemistry xxx (2014) xxx–xxx6

G Model

FLUOR-8430; No. of Pages 6
Acknowledgment

We thank IKERBASQUE, Basque Foundation for Science; the
Basque Government (SAIOTEK S-PE13UN098), the Spanish Minis-
try of Science and Innovation (CTQ2010-19974), the DFG (grant
RO 362/55-1) and Hamari Chemicals (Osaka, Japan) for financial
support. We are also grateful to SGIker (UPV/EHU) for HRMS
analyses.

References

[1] (a) R. Smits, C.D. Cadicamo, K. Burger, B. Koksch, Chem. Soc. Rev. 37 (2008)
1727–1739;
(b) V.P. Kukhar, A.E. Sorochinsky, V.A. Soloshonok, Future Med. Chem. 1 (2009)
793–819;
(c) A.E. Sorochinsky, V.A. Soloshonok, J. Fluor. Chem. 131 (2010) 127–139;
(d) X.-L. Qiu, F.-L. Qing, Eur. J. Org. Chem. (2011) 3261–3278;
(e) K. Mikami, S. Fustero, M. Sánchez-Roselló, J.L. Aceña, V. Soloshonok, A.
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(d) J. Wang, M. Sánchez-Roselló, J.L. Aceña, C. del Pozo, A.E. Sorochinsky, S.
Fustero, V.A. Soloshonok, H. Liu, Chem. Rev. 114 (2014) 2432–2506.

[3] (a) R.J. Lundgren, M. Stradiotto, Angew. Chem. Int. Ed. 49 (2010) 9322–9324;
(b) T. Furuya, A.S. Kamlet, T. Ritter, Nature 473 (2011) 470–477;
(c) O.A. Tomashenko, V.V. Grushin, Chem. Rev. 111 (2011) 4475–4521;
(d) S. Roy, B.T. Gregg, G.W. Gribble, V.-D. Le, S. Roy, Tetrahedron 67 (2011)
2161–2195;
(e) A. Studer, Angew. Chem. Int. Ed. 51 (2012) 8950–8958;
(f) T. Besset, C. Schneider, D. Cahard, Angew. Chem. Int. Ed. 51 (2012) 5048–5050;
(g) Y. Ye, M.S. Sanford, Synlett 23 (2012) 2005–2013;
(h) T. Liu, Q. Shen, Eur. J. Org. Chem. (2012) 6679–6687;
(i) X.-F. Wu, H. Neumann, M. Beller, Asian Chem. J. 7 (2012) 1744–1754;
(j) H. Liu, Z. Gu, X. Jiang, Adv. Synth. Catal. 355 (2013) 617–626;
(k) X. Liu, X. Wu, Synlett 24 (2013) 1882–1886;
(l) J. Xu, X. Liu, Y. Fu, Tetrahedron Lett. 55 (2014) 585–594;
(m) E. Merino, C. Nevado, Chem. Soc. Rev. 43 (2014) 6598–6608;
(n) W. Zhu, J. Wang, S. Wang, Z. Gu, J.L. Aceña, K. Izawa, H. Liu, V.A. Soloshonok, J. Fluor.
Chem (2014), http://dx.doi.org/10.1016/j.jfluchem.2014.06.026  (in press).

[4] J. Nie, H.-C. Guo, D. Cahard, J.-A. Ma, Chem. Rev. 111 (2011) 455–529.
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