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Catalytic, enantioselective allylation of a-iminoesters promoted
by silver(I) complexes of chiral imines
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Abstract—The catalytic enantioselective addition of allyltributylstannane to N-protected a-iminoesters promoted by silver(I) triflu-
oromethanesulfonate in the presence of chiral imine ligands was studied. After testing several chiral imines derived from 1,2-diami-
nocyclohexane and binaphthyl diamine a very simple experimental procedure was developed that allowed us to obtain optically
active homoallylic amines in very high yields and enantioselectivities up to 71%.
� 2007 Elsevier Ltd. All rights reserved.
The synthesis of enantiomerically enriched homoallylic
amines is a topic of paramount importance since they
represent useful synthetic intermediates that may be
converted in different functional groups.1 In this context
the enantioselective catalytic allyl addition to a-imino-
esters is of special interest because this conversion pro-
vides an efficient route to optically active, nonnatural
a-amino acids for use in natural products, peptide and
pharmaceutical chemistry.2 While the catalytic enantio-
selective allyl addition to carbonyl compounds is well
developed,3 few examples of the analogous reaction with
imino esters are known, despite their utility in organic
synthesis.4 Lectka5 and Jorgensen6 reported an efficient
addition of allylsilane and allylstannane, respectively,
to N-tosyl iminoesters catalysed by Cu(I)/Binap com-
plexes.7 More recently Kobayashi8 employed a 1,2-di-
phenyl-diamine/Cu(II) catalyst to successfully promote
the addition of a properly functionalised allylsilane to
N-acyliminoesters.9 Unfortunately the known methods
suffer from substrate limitation or require very special
experimental procedures, like slow addition of one
reagent in order to achieve high enantioselectivities.

Hence the development of new, general, less expensive
and practical enantioselective catalytic methods is
strongly desired. Herein we report here the preliminary
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results of a study of the catalytic enantioselective addi-
tion of allyltributylstannane to N-protected a-iminoest-
ers promoted by silver(I) trifluoromethanesulfonate in
the presence of chiral bis-imine ligands. Our group has
recently started a programme devoted to the develop-
ment of new catalytic systems, readily prepared from
commercially available and possibly cheap chiral re-
agents, easy to handle, and using very simple experimen-
tal procedures.10 Following our interest in chiral bis-
imines as ligands in asymmetric catalysis11 we reasoned
that imines derived from 1,2-diaminocyclohexane and
binaphthyldiamine represent good candidates as possi-
ble promoters of allyl addition to a-iminoesters.

Compounds 1–3 were prepared from the commercially
available (R)-binaphthyl diamine by reaction with differ-
ent aromatic and heteroaromatic aldehydes11 and mole-
cules 4–5 were synthesised by condensation of the
proper aldehyde with (1R,2R)-diamino cyclohexane in
quantitative yield. The behaviour of such ligands in
the silver(I) trifluoromethanesulfonate catalysed reac-
tion between N-4-methoxyphenyl imine of ethyl glyoxy-
late I and allyltributyl stannane II to afford the optically
active homoallylic amine III was investigated (Scheme
1).12

The reaction was run with ligands 1–3 at 0 �C in the
presence of 10 mol % catalyst for 20 h in DCM (Table
1). Ligands 1 and 2 which had offered the best perfor-
mances in the enantioselective catalytic addition of aryl
acetylenes to imines11 afforded the product in low yields
and enantioselectivities. Interestingly, better results were
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Scheme 1.

Table 1. Addition of allyltributyl stannane to iminoester I

Entry Ligand Solvent T

(�C)
Time
(h)

Yielda

(%)
eeb

(%)

1 1 DCM 0 20 50 11
2 2 DCM 0 20 70 7
3c 3 DCM 0 20 98 37
4c 3 DCM �40 20 100 43
5c 3 THF �40 20 77 18
6c 3 Toluene �40 20 21 <5
7 4 DCM 0 20 87 <5
8 5 DCM 0 20 100 65
9 5 DCM 25 1 100 47
10 5 THF 25 1 72 51
11 5 Toluene 25 1 40 <5

a Determined by 1H NMR and confirmed after chromatographic
purification.

b Determined by HPLC on chiral stationary phase (Chiracel AD col-
umn (hexane–isopropanol 95:5; flow rate 0.8 ml/min; k 254 nm:
tmajor = 13.1 min, tmin = 17.9 min).

c With ligand 3 the product with absolute configuration opposite to
that afforded by ligands 5–15 was obtained.
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obtained with 2-thiophene carboxaldehyde derived bis-
imine 3 that catalysed the reaction in 98% yield and a
37% ee that was increased to 43% at �40 �C (entries
3–4 vs entries 1–2). In other solvents the reaction was
shown to be less stereoselective (entries 5–6).

A similar trend was observed with diaminocyclohexane-
based ligands. Silver(I) complex of benzaldehyde de-
Scheme 2.
rived bis-imine 4 catalysed at 0 �C the addition of stann-
ane II to iminoester I with poor enantioselection; by
employing 2-thiophene carboxaldehyde derivative 5 the
product was isolated in quantitative yield with 65% ee
and at 25 �C after only 1 h the homoallylic amine III
was obtained in 47% ee in DCM and 51% ee in THF
(entries 8–10 vs entry 7).13

It is known that copper complexes of bis-imines derived
from C2-symmetric biaryl diamine may exist as ‘mono-
meric’ or ‘dimeric’ forms, depending on the steric hin-
drance of the substituents in 2,6 positions of the
aldehyde aromatic ring.14 Also silver(I) complex of
ligand 5 has already been shown to exist in equilibrium
between two species (Scheme 2).15

In order to understand if different catalytic species,
monometallic or bimetallic, were present in the reaction
medium, the allylation was performed at 0 �C in DCM
with different metal/ligand ratios (Table 2). Binaphthyl
diamine derived ligand 3 always afforded similar level
of stereoselectivity either when an excess of ligand or
an excess of metal was used (entries 1–3). Also bis-imine
5 showed little dependence on the metal/ligand ratio,
affording the best result with a 1/2 Ag(I)/5 ratio
(67% ee), not very different from the result obtained with
1/1 ratio (65% ee, entries 4–6). A lower reaction temper-
ature did not bring any appreciable improvement to the
stereoselectivity (71% ee, entry 7). Ag(OTf) alone is able
to catalyse the reaction (70% yield after 20 h at 0 �C).



Table 2. Studies on the Ag(I) catalysed allylation of imine Ia

Entry Ligand M/L* Ratio Yieldb (%) eec (%)

1 3 1:1 100 37
2 3 2:1 100 36
3 3 1:2 100 38
4 5 1:1 100 65
5 5 2:1 100 57
6 5 1:2 100 67
7d 5 1:2 100 71

a Reaction run at 0 �C for 20 h in DCM.
b Determined by 1H NMR and confirmed after chromatographic

purification.
c Determined by HPLC on chiral stationary phase.
d Reaction run at �40 �C for 20 h.
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Therefore the results seem to suggest that under the
present experimental conditions the allylation is a
ligand-accelerated reaction but they do not allow to
draw any definitive conclusion about how many
catalytic species are present and eventually which is
the real catalytically active enantioselective one.16

With the goal to clarify the role of thiophene ring in
determining the enantioselectivity of the allylation sev-
eral other C1 and C2 symmetric ligands with different
Scheme 3.
steric and electronic characteristics were prepared and
tested (Scheme 3).17 C2 symmetric bis-imines 6 and 7
featuring a phenyl group in the 3 or 5 position of the thio-
phene ring catalysed the reaction in quantitative yield,
but not with increased enantioselectivity (Table 3,
entries 2 and 3 vs entry 1). Interestingly the 3-thiophene
carboxaldehyde derived bis-imine 8 afforded a racemic
product, pointing at a decisive role of the 2-thiophene
residue in controlling the enantioselective outcome of
the reaction.18

Electron rich chiral bis-imine, as compound 9, afforded
the product with 39% ee, while the presence of ‘acid’
hydrogens (ligands 10 and 11) dramatically decreased
the stereoselectivity (entries 5–7). C1 symmetric bis-imi-
nes bringing only one 2-thiophene ring were also tested.
While ligand 12 promoted the reaction with 40% ee,
slightly lower than 5, ligand 13 afforded the product
with comparable enantioselectivity (61% ee, entries 8–
9). Noteworthy once again the analogous C2 symmetric
ligand 14, and the less sterically demanding bis-imine 15,
both without any thiophene residue, catalysed the allyl-
ation with lower enantioselectivities (entries 10–11).

In conclusion, we have demonstrated that silver com-
plexes of enantiomerically pure imines, readily prepared



Table 3. Addition of allyltributyl stannane to iminoester I promoted
by Ag(I) complexesa

Entry Ligand Yieldb (%) eec (%)

1 5 100 65
2 6 98 37
3 7 95 45
4 8 95 8
5 9 90 39
6 10 91 <5
7 11 90 11
8 12 93 40
9 13 91 61

10 14 93 35
11 15 97 33

a Reaction run at 0 �C for 20 h in DCM.
b Determined by 1H NMR and confirmed after chromatographic

purification.
c Determined by HPLC on chiral stationary phase.
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in one step and in very high yields from commercially
available chiral diamines are efficient catalysts for the al-
lyl addition to a-iminoesters.19 A very simple experimen-
tal procedure was developed that allowed us to obtain
optically active homoallylic amines in very high yields
and enantioselectivity up to 71%. Further work is under-
way to clarify the origin of the stereoselectivity of the
process and improve the performance of the catalyst.
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