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α-Imino Esters: Efficient Synthesis of β-Unsaturated α-Amino Esters
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We describe the development of a mild and efficient method
for the preparation of β-unsaturated α-amino esters through
the ytterbium triflate catalyzed addition of potassium
alkynyltrifluoroborate salts to imino esters. The synthetic via-

Introduction

β-Unsaturated α-amino acid derivatives are nonpro-
teinogenic amino acids that are found in biologically active
compounds and are isolated from natural products.[1] These
optically active amines are used to generate pharmaceuti-
cally important compounds and are also utilized in organic
syntheses as resolving agents, as chiral auxiliaries for asym-
metric transformations, and as useful intermediates. In par-
ticular, β-alkynyl α-amino acids such as FR-900130,[1g,1h]

which is isolated from Streptomyces catenulae,[2] have been
shown to have antimicrobial activity against Gram-positive
bacteria. Therefore, significant efforts have been made to
develop new strategies to synthesize these structures.
Among the available methods, one of the reliable ap-
proaches involves the addition of terminal alkynes to α-
imino esters using different catalysts.[3]

α-Imino esters are an alternative synthon for α-amino
acid derivatives.[4] This class of compounds has been uti-
lized in a number of organic transformations. Although dif-
ficulties arise in the addition of imines because of the poor
electrophilicity of the azomethine carbon, the high applica-
bility of α-imino esters stems from the enhanced electrophi-
licity of the imine carbon as a result of the adjacent ester
functionality.[5] Trifluoroborates have materialized as a po-
tent alternative to the corresponding boronic acids because
of their easy preparation and remarkable stability towards
air and moisture.[6] To the best of our knowledge, there are
no reports that describe the Lewis acid catalyzed addition
of alkynyltrifluoroborate salts to α-imino esters. Therefore,
as part of our ongoing studies to search for new carbon–
carbon bond forming processes that use potassium
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bility of this protocol was supported by its high yields, short
reaction times, and efficiency with regard to the scope of the
substrates.

organotrifluoroborate compounds,[7] we designed a simple,
mild, and efficient method to synthesize of β-alkynyl α-
amino esters (Scheme 1).

Scheme 1. General reaction.

Results and Discussion

Initially, we evaluated the reaction between α-imino ester
1a (as the acceptor) and potassium phenylethynyltrifluoro-
borate salt 2a (as the nucleophile) in the presence of various
Lewis acids (10 mol-%) in dichloromethane at room tem-
perature under a nitrogen atmosphere (see Table 1). Imino
esters such as 1a are more stable than their corresponding
imines, and the resulting products can easily be deprotected
under mild conditions by using cerium ammonium nitrate
(CAN).[8]

In the absence of any Lewis acid catalyst, the reaction
proceeded to give only 20% yield of 3a (see Table 1, En-
try 1). Therefore, we attempted to use a Lewis acid catalyst
to promote the reaction. Seven Lewis acids were viable op-
tions for this purpose, but Yb(OTf)3 gave the best yield of
product and was chosen as the ideal catalyst for the ad-
dition reaction (see Table 1, Entries 2–8). The use of lantha-
nide triflates Ln(OTf)3 in organic synthesis has been widely
researched because of their efficiency as Lewis acid catalysts
and their low environmental impact.[9]

Several solvents, which include tetrahydrofuran (THF),
toluene, nitromethane, and 1,4-dioxane, were investigated,
and all provided moderate to good yields. Dichloromethane
was revealed as the best choice and provided the product in
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Table 1. Screening of Lewis acids for the addition of alkynyltri-
fluoroborate salts to α-imino esters.

Entry Catalyst[a] Solvent Time[b] % Yield

1 – CH2Cl2 12 20
2 Sc(OTf)3 CH2Cl2 12 45
3 Yb(OTf)3 CH2Cl2 1 81
4 Cu(OTf)2 CH2Cl2 24 trace
5 InBr3 CH2Cl2 12 20
6 MnCl2 CH2Cl2 12 42
7 FeCl3 CH2Cl2 3 35
8 In(OTf)3 CH2Cl2 1 71
9 Yb(OTf)3 THF 12 75
10 Yb(OTf)3 toluene 2 41
11 Yb(OTf)3 CH3NO2 2 73
12 Yb(OTf)3 dioxane 12 64
13[c] Yb(OTf)3 CH2Cl2 3 66

[a] All the reactions were carried out with 10 mol-% of the catalyst.
[b] Time in hours. [c] 5 mol-% of catalyst.

a high yield of 81% (see Table 1, Entry 3). We also investi-
gated a lower catalyst loading (5 mol-%), but this resulted
in a decrease in the product yield (seer Table 1, Entry 13).

To gain further insight into the reaction, in situ Fourier
transform infrared spectroscopy (FTIR)[10] was used to
monitor its progress. The main region of interest is in the
range of 1690–1590 cm–1, in which the C=N stretching vi-
brations of an imine are located. At t = 7 min, the potas-
sium alkynyltrifluoroborate salt was introduced to the reac-
tion medium, and the intensity of the C=N band rapidly
decreased (around 40 min.), which is associated with the
consumption of imine. Figure 1 shows the decrease of the
characteristic peak at 1595 cm–1, which corresponds to the
C=N bond. The results can also be analyzed by a trends
curve, in which the reactant (imine) decreased in concentra-
tion after the addition of the catalyst and RBF3K partner
(see Supporting Information).

We evaluated the scope and generality of the reaction
by using different α-imino esters (0.5 mmol) and potassium
alkynyltrifluoroborate salts (0.6 mmol) with Yb(OTf)3

(10 mol-%) as the catalyst in dichloromethane (5 mL) at
room temperature (see Table 2). A wide range of alkynyltri-
fluoroborate salts with different substituents successfully
underwent the reaction under YbIII catalysis with α-imino
ester 1a. Alkynyltrifluoroborates that contain an aryl sub-
stituent with an electron-withdrawing or -donating group
underwent addition to the α-imino ester in a short reaction
time to give the product in a satisfactory yield (see Table 2,
Entries 1–7). Even the naphthyl-substituted substrate gave
the desired product in good yield (80%) in 30 min of reac-
tion time (see Table 2, Entry 8).

Eur. J. Org. Chem. 2014, 1236–1240 © 2014 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjoc.org 1237

Figure 1. Three-dimensional plot of the IR monitoring data.

We also examined alkyl-substituted alkynyltrifluorobor-
ate salts, and these reactions proceeded to give the highest
yields in comparison to the other reactions (see Table 2, En-
tries 9–12). The trimethylsilylethynyltrifluoroborate salt
gave a poor yield of product despite repeating the reaction
three times (see Table 2, Entry 13). The resulting compound
3m represented an attractive target precursor to ethynylgly-
cine, as the trimethylsilyl group could easily be converted
into a terminal alkyne by using a fluoride source such as
tetra-n-butylammonium fluoride (TBAF).[11]

Finally, we investigated different substituents on the im-
ine substrate, and the reactions gave the desired products in
moderate to good yields (see Table 2, Entries 14–16). All
products were obtained as oils. We also demonstrated that
increasing the scale 10-fold to 5.0 mmol led to a comparable
yield (77% of product 3a; for comparison, see Table 2).

Although data in the literature[4a,5a] show that there are
three possible modes of reactivity between organometallic
reagents and imino esters, that is, at C of C=N, at N of
C=N, or in some cases at the C of CO2Et, we did not ob-
serve this. Instead, the side product that was obtained was
a solid, and the 1H NMR spectroscopic data showed that
there was a substitution at the aromatic ring. An examina-
tion of this side product is currently in progress in our labo-
ratory.

With respect to the reaction mechanism, it is known that
potassium organotrifluoroborates are more reactive upon
activation by a Lewis acid, which converts them into the
corresponding organodifluoroborane intermediates.[12] Sev-
eral Lewis acids and fluorophiles have been reported as via-
ble precursors to this intermediate dihaloborane.[13] Thus, a
possible catalytic cycle for the YbIII-catalyzed alkynylation
is proposed in Scheme 2.

In the first step of the proposed mechanism, the electro-
philic organodifluoroborane intermediate that is generated
in situ by the reaction between the corresponding organo-
trifluoroborate salt 2 and a Lewis acid defluoridating agent
formed nitrogen–boron complex[14] I with the α-imino ester.
This complexation facilitates the migration of the alkynyl
group from the boron to C=N bond to form intermediate
II. Finally, the propargylic amine is formed, and the active
YbIII triflate is regenerated.



H. A. Stefani, F. Manarin, A. N. Khan, S. N. S. VasconcelosFULL PAPER
Table 2. Addition of alkynyltrifluoroborates to α-imino esters catalyzed by ytterbium (III).[a]

[a] Yields are given for isolated products.
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Scheme 2. Proposed mechanism.

An interesting aspect of using rare earth metal triflates[15]

is that the catalyst can be easily recovered from the reaction
medium and recycled. This prompted us to evaluate the
possibility of reusing the Yb(OTf)3 in our reactions. In this
regard, the catalyst was separated from the reaction me-
dium by simple filtration, washed with dichloromethane,
and dried at 70 °C for 2 h. This process was repeated two
times to afford the desired product in 81 % (first run), 75%
(second run), and 50% (third run).

Conclusions

In summary, we have developed a practical approach for
the synthesis of β-unsaturated α-amino acid derivatives
through the alkynylation of imino esters with ytterbium
triflate as the catalyst. The reaction is general and efficient
with respect to the scope of substrates. Furthermore, the
catalyst can be easily recovered and then reused.

Experimental Section
General Methods: All reactions were carried out under nitrogen.
All compounds were characterized by using 1H and 13C NMR
spectroscopy as well as ESI-MS. Copies of the 1H and 13C NMR
spectra can be found in the Supporting Information. The 1H and
13C NMR spectroscopic data were recorded with a 300 MHz in-
strument. The chemical shifts (δ) for the 1H NMR experiments are
reported in parts per million (ppm) and measured relative to the
signals for TMS (δ = 0.00 ppm). The chemical shifts for the 13C
NMR spectra are reported in ppm relative to deuterated chloro-
form (δ =77.23 ppm), unless otherwise stated, and all data were
recorded using 1H decoupling. Solvents and reagents were analyti-
cal grade or the highest grade commercially available and were used
without further purification. The reactions were monitored by in
situ Fourier transform infrared (FTIR) spectroscopy using a
Mettler Toledo ReactIR 15 that was fitted with an articulated arm
and a diamond probe.
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General Procedure for YbIII-Catalyzed Addition Reaction of Alk-
ynyltrifluoroborate Salts to α-Imino Esters: Ytterbium triflate
(10 mol-%, 0.030 g) was added to a stirred solution of α-imino ester
(0.5 mmol, 0.103 g) in CH2Cl2 (5 mL). Potassium trifluoroborate
(0.6 mmol) was then added, and the reaction mixture was stirred at
room temperature until there was total consumption of the starting
material. Afterwards, the reaction mixture was extracted with
NaOH (0.5 n). The organic phase was dried using MgSO4, and the
solvent was removed under reduced pressure.

Ethyl 2-(4-Methoxyphenylamino)-4-phenylbut-3-ynoate (3a):
(0.125 g, 81% yield). 1H NMR (300 MHz, CDCl3): δ = 7.41–7.38
(m, 2 H), 7.30–7.24 (m, 3 H), 6.77 (dd, J = 9.0 Hz, 4 H), 4.94 (s, 1
H), 4.30 (q, J = 7.1 Hz, 2 H), 3.74 (s, 3 H), 1.32 (t, J = 7.1 Hz, 3
H) ppm. 13C NMR (75 MHz, CDCl3): δ = 168.9, 153.3, 139.4 (2
C), 131.8, 128.5 (2 C), 128.1, 122.1, 116.0 (2 C), 114.7 (2 C), 84.3,
84.2, 62.3, 55.6, 50.6, 14.0 ppm. HRMS: calcd. for C19H19NO3 [M
+ H]+ 310.1437; found: 310.1435.

Supporting Information (see footnote on the first page of this arti-
cle): Experimental details and analytical data for all new com-
pounds as well as the 1H and 13C NMR spectra.
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