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Pyridine-2,6-bis(oxazolines) (Pybox) belong to an important 
class of tridentate chiral ligands with C2 symmetry. They form 
chiral complexes with ions of many metals and are widely used 
in asymmetric catalysis.1–3 Pyridine-2,6-bis(oxazolines) are 
obtained from the corresponding (R)- and (S)-amino alcohols 
that are usually commercially available, which allows one to 
synthesize Pybox ligands both as (R,R) and (S,S) isomers. As a 
result, the use of these ligands in enantioselective reactions 
makes it possible to obtain the products in both enantiomeric 
forms. 

Since the synthesis of Pybox ligands is a multistep process, 
it  is beneficial from economical and ecological standpoints to 
use them repeatedly, which is achieved by their immobilization 
on various supports.4 Mayoral5 in 2002 was the first to perform 
such immobilization by copolymerization of the 4-vinylpyridine-
2,6-bis(oxazoline) derivative with styrene and divinylbenzene. 
Later, Pybox ligands were grafted on TentaGel resin,6 Wang 
resin,7 polystyrene,8 Merrifield resin,9 silica gel coated magnetic 
Fe3O4 nanoparticles.10 Immobilization was also performed by 
electrostatic interaction of Cui- and Cuii-Pybox complexes with 
silica gel11 and using ionic liquids as the support.12,13 In all these 
cases, the immobilized Pybox-based catalysts mentioned above 
were insoluble in organic solvents, i.e., the reactions were carried 
out under heterogeneous conditions. However, some examples 
are available when aza-box ligands14,15 and box-ligands16 were 
immobilized on a soluble support, viz., poly(ethylene glycol) 
(PEG). This allows one to perform chemical reactions under 
homogeneous conditions and separate the catalyst by precipita
tion, e.g., with diethyl ether and then re-use it.

In this study, we performed the immobilization of a pyridine-
2,6-bis(oxazoline) derivative on poly(ethylene glycol) mono
methyl ether with Mn = 5000 Da (MeOPEG5000) and studied the 
efficiency and feasibility of recycling the complex of this ligand 
with copper(I) triflate, as well as the feasibility of recycling the 
ligand itself in the enantioselective addition of phenylacetylene to 
N-benzylideneaniline.

To perform grafting of the Pybox moiety to MeOPEG5000, 
we chose popular and reliable Cui-catalyzed azide-alkyne cyclo
addition (CuAAC, a click-reaction).17–21 It is often used in the 

covalent immobilization of homogeneous catalysts and ligands,22 
e.g., in the immobilization of an aza-box-ligand on PEG15 and 
Pybox9 on Merrifield resin.
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Immobilized Pybox 1 was synthesized in five steps from 
commercially available chelidamic acid hydrate 2 (Scheme 1). 
At the first step, reflux in methanol in the presence of sulfuric 
acid gave dimethyl chelidamate 3, which was then propargylated. 
Propargyl derivative 4 was heated with (S)-phenylglycinol without 
a solvent to afford diamide 5. Treatment of the latter with tosyl 
chloride followed by reflux in CH2Cl2 resulted in the closure of 
the oxazoline rings to give Pybox ligand 6 containing a triple bond.

The immobilization was performed by the click reaction 
between propargyloxy derivative 6 and MeOPEG5000-azide 7 in 
CH2Cl2 in the presence of catalytic amounts of CuI and excess 
Et3N at room temperature for 72 h. The target ligand 1 was 
isolated by precipitation with diethyl ether from CH2Cl2 after 
preliminary washing of the reaction mixture with 0.1 m aqueous 
solution of EDTA-Na2 to remove copper. Analysis of isolated 
product 1 by IR spectroscopy has shown the lack of the absorp
tion band around 2100 cm–1, which is characteristic of the 
azido  group and is observed in the spectrum of the original 
MeOPEG5000-azide 7. 1H NMR spectroscopic data also con
firmed the purity of compound 1. The integral intensity of the 
methoxy group in MeOPEG5000 matched the integral intensities 
of the Pybox moiety (see Online Supplementary Materials).

We chose the direct enantioselective addition of terminal 
acetylenes to imines to produce non-racemic propargyl amines,23–26 
structural fragments of many biologically active and natural com
pounds, as the model reaction for testing the ligand we obtained. 
The addition of terminal alkynes to imines catalyzed by com
plexes of Cui with Pybox ligands usually occurs in high yields 
and with rather high enantioselectivity.27–31

In contrast to the previous studies where complexes with 
benzene (CuOTf)2·C6H6 or toluene (CuOTf)2·PhMe were used 
as the source of CuOTf, we applied the acetonitrile complex of 
copper(i) triflate. Therefore, we first tested Cu(MeCN)4OTf with 
non-immobilized Pybox ligands 9–11 containing various substi
tuents at 4-position of the oxazoline rings in the reaction of 
phenylacetylene with N-benzylideneaniline (Scheme 2, Table 1).

All the complexes obtained in situ from Cu(MeCN)4OTf 
and  Pybox ligands 9–11 demonstrated high reactivity, while 
compounds 9 and 11 provided high enantioselectivity as well 
(entries 1 and 3). Immobilized ligand 1 differs from Pybox 
ligands 9–11, first, by the presence of an oxygen atom at 4-posi
tion of the pyridine ring; this oxygen atom enriches the ligand 
with electrons and thus makes its complex with Cui a weaker 
Lewis acid. Second, the click reaction creates a triazole linker 
that is also able to coordinate Cui. In order to estimate the effect 
of the factors mentioned above on the course of the reaction, we 

synthesized the low-molecular analogue 8 (see Scheme 1). The 
activity of the complex based on ligand 8 and Cu(MeCN)4OTf 
was found to be comparable to that of complexes of other Pybox 
ligands and had the highest enantioselectivity (entry 4). Thus, 
the triazolylmethoxy group at 4-position of the pyridine ring in a 
Pybox ligand has no adverse effect on the chosen model reaction.

The use of the immobilized Pybox 1 in the addition of phenyl
acetylene to N-benzylideneaniline has shown (Table 2) that 
the polymeric support based on PEG slows the reaction down 
considerably, both in comparison with Pybox ligands 8–11 and 
with analogues immobilized on an insoluble support.9,10 This is 
apparently due to a considerable increase in the viscosity of the 
reaction mixture obtained. Furthermore, PEG can coordinate Cui 
similarly to crown ethers. In fact, conversion in 7 days at room 
temperature was only 30% (entry 1), while the enantiomeric 
excess decreased from 96 to 84% as compared to the same reac
tion with non-immobilized ligand 8 (Table 1, entry 4). Twofold 
dilution of the reaction mixture raised the conversion to 47% and 
ee to 92% (see Table 2, entry 2). However, subsequent dilution 
decreased the conversion again but did not affect the enantiomeric 
excess (entry 3).

An attempt to reduce the viscosity by decreasing the con
centration of PEG in the mixture, i.e., by diminishing the catalyst 
loading to 5 mol% (entry 4) in comparison with the initial 10 mol% 
(entry 2), also led to lower conversion. A decrease in viscosity 
and an increase in conversion to 93 or 94% (depending on 
dilution) can be attained by performing the reaction at 50 °C 
(entries 5 and 6). Unfortunately, an attempt to reuse the catalyst 
after separating it by precipitation from the reaction mixture with 
diethyl ether resulted in the conversion as small as 36 or 23% 
(entries 5 and 6, 2nd cycle). This is probably due to the oxidation 
of Cui to Cuii during the isolation of the immobilized complex. 
A  decrease in the product yield and enantioselectivity in this 
reaction, though not so considerable, was also observed previously 
with Pybox ligands immobilized on insoluble supports.9,10

In view of the unsatisfactory results of the studies on catalyst 
reuse, we studied whether it is possible to recycle ligand 1 under 

Table  1  Enantioselective addition of phenylacetylene to N-benzylidene
aniline catalyzed by Cui–Pybox 8–11 complexes.a

Entry Pybox Conversionb (%) Yieldb,c (%) eed (%)

1   9   96 96 (89) 93
2 10   96 91 (85) 72
3 11 100 96 (92) 94
4   8   99 95 (90) 96

a Reaction conditions: N-benzylideneaniline (0.25 mmol), phenylacetylene 
(0.375 mmol), CH2Cl2 (1 ml). b Determined by 1H NMR analysis of the crude 
product. c Isolated yields after column chromatography are given in parentheses. 
d Determined by chiral HPLC.

Table  2  Cui-immobilized Pybox 1 complex catalyzed enantioselective 
addition of phenylacetylene to N-benzylideneaniline.a

Entry Temperature
Time/ 
days

Volume of 
CH2Cl2 /ml

Conversionb 
(%)

eec (%)

1 Ambient 7 1 30 84
2 Ambient 7 2 47 92
3 Ambient 7 3 26 92
4d Ambient 7 2 33 90
5 50 °C 4 1 93 (36)e 87 (81)e

6 50 °C 7 2 94 (23)e 90 (76)e

a Reaction conditions: N-benzylideneaniline (0.25 mmol), phenylacetylene 
(0.375 mmol), Cu(MeCN)4OTf (10 mol%), Pybox 1 (10.5 mol%). bDeter
mined by 1H NMR analysis of the crude product. cDetermined by chiral 
HPLC. d5 mol% of Cu(MeCN)4OTf and 5.25 mol% of Pybox 1 were used. 
e The values for the second cycle of the catalyst are given in parentheses.
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the conditions of entry 6 (Table 2). To do so, after the reaction 
was completed, the catalyst was separated by precipitation with 
diethyl ether, redissolved in CH2Cl2 and thoroughly washed with 
0.1 m aqueous solution of EDTA-Na2 to remove copper. After 
drying and solvent evaporation, the ligand was reused upon 
addition of a new portion of Cu(MeCN)4OTf, the solvent and 
reactants (Table 3).

The results have shown that the immobilized ligand is suf
ficiently stable during the reaction and its isolation. So it can be 
used repeatedly. The product yield and enantiomeric excess did 
not change considerably in three successive cycles. In this case, 
both the yields and ee values are comparable to those obtained 
using Pybox ligands immobilized on insoluble supports.9,10

In conclusion, we were the first to synthesize a Pybox ligand 
immobilized on a soluble support, viz., poly(ethylene glycol) 
methyl ether with Mn = 5000 Da. The efficiency of the com
plex obtained in situ from this immobilized Pybox ligand and 
Cu(MeCN)4OTf in enantioselective direct addition of alkynes 
to imines has been estimated. The product of addition of phenyl
acetylene to N-benzylideneaniline has been obtained in yields 
up to 88% and ee up to 92%. The ligand can be recycled at least 
in three successive cycles without a decrease in the product yield 
or enantioselectivity.

This work was supported by the Russian Science Foundation 
(grant no. 14-23-00186).
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Table  3  Recycling of Pybox ligand 1 in enantioselective addition of phenyl
acetylene to N-benzylideneaniline.a

Cycle Conversionb (%) Isolated yieldc (%) ee d (%)

1 93 83 90
2 91 82 90
3 97 88 91

a Reaction conditions: N-benzylideneaniline (0.25 mmol), phenylacetylene 
(0.375 mmol), Cu(MeCN)4OTf (10 mol%), Pybox 1 (10.5 mol%), CH2Cl2 
(2 ml), 50 °C, 7 days. bDetermined by 1H NMR analysis of the crude product. 
cAfter column chromatography. d Determined by chiral HPLC.


