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Synthesis and characterization of new chiral ketopinic acid-derived
catalysts immobilized on polystyrene-bound imidazole
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Abstract. Four new chiral ketopinic acid-derived catalysts were anchored on a polystyrene-bound imidazole via
non-covalent bond. The resulting heterogeneous catalysts were successfully characterized using IR, SEM, and

TGA analyses.
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1. Introduction

The ability of new chiral catalysts 1-4 (Scheme 1)
derived from ketopinic acid to effect different
asymmetric transformations, viz. aldol, Baylis-
Hillman, aza-Michael, and reduction reactions was
demonstrated [1]. These are widely employed
methodologies in the syntheses of natural products
and pharmaceutically important compounds [2-12].
However, the fact that these catalysts were
homogenous provides the opportunity to explore
methods of anchoring them onto a solid support to
render them heterogeneous [13]. Heterogeneous
catalysis has the potential advantages of easy
separation, efficient recycling, and the minimization
of metal trace in the product. There are also improved
handling and process control issues that could, in
principle, result in an overall reduction of costs and
waste [14, 15].
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Scheme 1. Manganese chiral ketopinic acid-derived
catalysts.

un

A

* Corresponding author: yusuf.hassan@umyu.edu.ng

2. Experimental

Reagent-grade acetonitrile, ether, ethylacetate,
and methanol were used as received from commercial
source. All other reagents were purchased from
Aldrich and used as received. IR spectral
measurements were carried out on a Perkin Elmer
spectrum 400 FT-IR  spectrometer (ATR).
Thermogravimetric analyses of the catalysts were
performed on Perkin Elmer 2000 TGA 7. Scanning
electron micrographs of the catalysts were taken on a
TESCAN VEGAN Il XMU Q150 TE.

Synthesis of chiral ketopinic acid-derived
catalysts 1-4. Catalysts 1-4 were prepared according
to the standard procedure [16, 17].

Synthesis of polymer-supported catalysts 5-8.
Polymer-bound imidazole: To a slurry of the
Merrifield resin (1 g, 1 mmol) in acetonitrile (6.5 mL)
were added imidazole (0.68 g, 10 mmol) and Nal
(0.01 g, 0.07 mmol) and the mixture was refluxed
with stirring for 48 h. The resin was filtered off and
washed successively with acetonitrile (5x5 mL), 10%
ag. K,CO3s/MeOH (1:1), H,O/MeOH (1:1), MeOH
and EtOAc (5x10 mL each). The solid was dried
under vacuum overnight to yield polymer-bound
imidazole (1.00 g, 99%). IR (neat, cm™): 3025, 2919,
1492, 1451, 1265. General procedure for the
immobilization of the catalysts: To a solution of 50
mg each of catalysts 1-4 in acetonitrile (5 mL) was
added polymer-bound imidazole (375 mg). The
mixture was vigorously stirred at 80 °C for 24 h. After
cooling, the brown resin was collected by filtration,
washed thoroughly with acetonitrile, methanol, and
ether successively. It was then dried in vacuum at
room temperature for several hours to afford
complexes; 5 (93%), R,R-6 (89%), S,S-7 (83%), and
8 (90%) yield. SEM was used for characterization
based on morphological changes.
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3. Results and Discussion

The aim was to incorporate catalysts 1-4 onto the
Merrifield resin [18] by adopting the non-covalent
immobilization approach [19]. A nitrogenous base
(imidazole) would be tethered to the Merrifield resin

and subsequently coordinated to the manganese atom
of the chiral complex. The polymer-supported
imidazole was expected to offer both the
heterogeneous scaffold and provide an axial ligand in
the corresponding catalytic complexes 5-8 as
illustrated in Scheme 2 [20].
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Scheme 2. Immobilization of the chiral catalysts 1-4 onto a polystyrene-bound imidazole.

The first step of the synthesis of the polystyrene-
supported complexes 5-8 was the treatment of the
Merrifield resin with an appropriate quantity of
imidazole, in refluxing acetonitrile for 48 h [11].
After cooling, the resin was filtered off and washed
with acetonitrile, mixture of ag. K.CO3s/MeOH and
H>0/MeOH followed by MeOH and then EtOAc. The
solid was dried under vacuum overnight and afforded
the product in 99% yield. Elemental analysis of the
isolated polystyrene-supported imidazole (PSI)
revealed that the nitrogen content was 2.01% which
was equivalent to 51% of the chlorine substituted.
Confirmation of the presence of the imidazoyl-
methylene bond was explored using IR spectroscopy
(Figure 1).
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Figure 1. Overlaid IR spectra of Merrifield’s resin
and the PSI.

Due to the similarity between the Merrifield resin
and the PSI in the mid-IR range, the two spectra were
overlaid to carefully ascertain the band differences in
this region. The lower spectrum is for the Merrifield
resin and exhibits a weak band due to the C-Cl bond
at 1265.68 cm™. Upon nucleophilic substitution of

chloride by the imidazole nitrogen, the weak band has
largely disappeared (top spectrum).

The supported chiral complex was then prepared
by stirring a suspension of the PSI, in solutions of the
metal complexes 1-4 in CH3sCN as solvent [11] as
shown on Scheme 2. After stirring at an elevated
temperature (80 °C) for 24 h, the mixture was cooled
and, in each case, the resins were filtered off, washed
sequentially with acetonitrile, methanol, and ether.
Organic solvent washings were checked by IR until
no unreacted complex was detected, and thus
confirming the stability of the coordinative bond, to
the PSI. Surface characterization of the supported
catalysts was performed using Scanning Electron
Microscopy (SEM). The images show some
morphological changes on the surface of the polymer
resin beads. SEM images of the Merrifield resin and
immobilized catalyst 5 are shown in Figures 2 and 3
respectively.
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Figure 2. SEM image of Merrifield’s resin.
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Figure 3. SEM image of the PSI-catalyst 5 with
arrows indicating surface changes in the beads.

Finally, thermogravimetric analysis (TGA) was
conducted to ascertain the stability of the supported
catalysts [19]. The Merrifield resin shows single step
degradation at approximately 280 °C (Figure 4). The
supported catalysts on the other hand degrade at
lower temperatures of approximately 200 °C as
illustrated by the representative TGA curve of
catalyst 5 (Figure 5). This corresponds to either the
dissociation of the coordinative bound manganese
complex or a partial scission of the polymeric chain.
However, it seems that the supported catalysts are
thermally stable up to 200 °C.
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Figure 4. TGA curve of Merrifield’s resin.

Figure 5. TGA curve of PSl-catalyst 5.

4, Conclusions

Chiral ketopinic acid-derived catalysts were
successfully immobilized onto a polymer support via
non-covalent interaction with  polymer-bound
imidazole. This offers a remarkable advantage
because the imidazole also plays the role of an axial
ligand in the structure of the catalysts. It is hoped that
these heterogeneous catalysts would address some of
the limitations that are generally associated with the
homogenous catalysts. The application of these

immobilized catalysts in the asymmetric reactions is
currently in progress.
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