Applied Catalysis A: General 499 (2015) 205-212

journal homepage: www.elsevier.com/locate/apcata

Contents lists available at ScienceDirect

Applied Catalysis A: General

Calixarene-proline functionalized iron oxide magnetite nanoparticles
(Calix-Pro-MN): An efficient recyclable organocatalyst for asymmetric

aldol reaction in water

) CrossMark

@

Ezgi Akceylan?, Arzu Uyanik?, Serkan EymurP, Ozlem Sahin?, Mustafa Yilmaz®*

a Selcuk University, Department of Chemistry, 42031 Konya, Turkey

b Giresun University, Department of Energy Systems Engineering, 28200 Giresun, Turkey

ARTICLE INFO ABSTRACT

Article history:

Received 26 February 2015

Received in revised form 9 April 2015
Accepted 10 April 2015

Available online 20 April 2015

Keywords:
Calix[4]arene

Magnetic nanoparticles
Organocatalysis

Aldol

Water

activity.

Calix[4]arene-based chiral organocatalyst derived from L-proline supported onto well-defined
(15 +3 nm) magnetic Fe304 nanoparticles was used as a highly active, recoverable, and reusable catalyst
for the asymmetric aldol reaction in water without need for organic solvents. The chiral organocata-
lyst showed high catalytic activity (up to 94%), enantioselectivity (up to 93%) and diastereoselectivity
(up to 97:3) for the reaction between cyclohexanone and aromatic aldehydes. The catalyst could easily
separated using an external magnetic field and reused for several times without any significant loss of

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

The asymmetric aldol reaction has widely been considered as
one of the most important carbon-carbon bond-forming reactions
applied in the synthesis of 3-hydroxy carbonyl compounds, which
are valuable synthetic building blocks [1,2]. Since List and Bar-
bas described the direct aldol reaction catalyzed by L-proline in
the early of 2000s [3], L-proline has attracted great attention in
asymmetric synthesis because it is efficient, inexpensive, envi-
ronmentally safe, and available in both enantiomeric forms [4-6].
Unlike natural aldolases that efficiently catalyze the aldol reaction
in an aqueous environment, organocatalytic reactions catalyzed
by L-proline and its derivatives have typically been carried out
in polar organic solvents such as DMSO, DMF, or CHCls. The cat-
alytic inefficiency of L-proline in water is mainly due to the fact
that the high dielectric constant of water screens charge-charge
interactions and disrupts hydrogen bonds [7-11] Instead, water is
an ideal solvent for chemical transformations due to its environ-
mentally benign nature, safety, and low cost. Therefore, it is highly
desirable to develop new organocatalysts that can carry out organic
transformations efficiently and selectively in water media. A thor-
ough literature study shows that the attachment of hydrophobic
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fragments to the catalyst structure is a key concept for obtaining a
high stereoselectivity in water media [12-14].

There have been fruitful developments of various L-proline
derivatives for a wide variety of fundamental transformations in the
presence of water in synthetic organic chemistry. However, poor
recovery of these organocatalysts from the reaction medium has
often hindered their use in many applications, including fine chemi-
cal synthesis. By far, one of the most efficient ways to address these
restrictions is the heterogenization of active catalytic molecules,
thus generating easily recoverable and reusable catalysts. In this
regard, heterogeneous proline catalysis via covalent bonding inter-
action has recently been reported using a wide variety of supports,
such as polymer, silica, ionic liquid, and cyclodextrin [15-18].
However, the main disadvantage associated with the immobiliza-
tion of organocatalysts on these supports is the need to filtrate
the catalyst from the reaction mixture. In the field of sustain-
able organocatalytic processes, the development of an efficient and
water-compatible L-proline catalyst for direct asymmetric aldol
reaction in water still remains challenging.

Magnetic nanoparticles (MNPs), especially Fe304 coated with
silica (SiO,@Fe304), are considered as interesting supports for the
immobilization of homogeneous catalysts. MNPs are easily dis-
persed in the reaction medium, they have a large surface area, and
they are simply separated via magnetic force from the reaction
medium [17,19-25]. Therefore, the use of magnetically separa-
ble nano-organocatalysts has emerged as a powerful tool for
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Fig. 1. Structure of proline-substituted calixarene derivatives as organocatalysts for
aldol reactions in water.

asymmetric catalysis in recent years [19-25]. However, among
all of the reported systems, most catalysts work in only organic
solvents, and only few of them work well in the presence of
water. For example, Wang et al. prepared Fe30,4@SiO,-supported S-
diarylprolinol trimethylsilyl ether, which is efficient and recyclable
for asymmetric Michael addition reaction in dichloromethane [26].
However, the nanocatalyst is not active when only water is used
as a solvent. Kong et al. very recently developed L-proline-based
ionic-liquid-functionalized MNPs as a catalyst for asymmetric aldol
reaction in water [27]. While previous studies highlighted the
inspiring possibilities with recyclable catalysts, there is still a need
to investigate novel nanoparticle-supported organocatalysts for
the enantioselective reactions in water.

Calixarenes, with their conformational and structural flexibil-
ity, are one of the best-known supramolecular organizations, along
with cyclodextrins, cucurbiturils, and crown ethers [28]. Since they
can be modified at both the upper and lower rims, calixarenes
have generated great interest as important receptors in organic
synthesis and for applications as supramolecular receptors for
molecular recognition, self-assembly, catalysis, and separation sci-
ence [29-32]. We have recently reported a direct aldol reaction in
water using p-tert-butylcalix[4]arene-based chiral organocatalysts
bearing a chiral proline moiety at both the upper and lower rims of
the calix[4]arene units (Fig. 1) [33,34]. When considering the cat-
alytic inefficiency of the L-proline for the aldol reaction in water,
we can easily assume that the hydrophobic part of the function-
alized calix[4]arene is responsible for the observed high reactivity
and selectivity in water.

In ongoing study for the improvement of sustainable and benign
protocols for asymmetric synthesis, we envisioned: (i) using the
hydrophobic cavity of calixarenes as a platform for the aldol reac-
tion in water, (ii) calixarene-functionalized iron oxide magnetite
nanoparticles as a platform for magnetic separation, and (iii) L-
proline moiety as an active organocatalyst. As shown in Fig. 2,
we investigated the use of calix[4]arene-based L-proline-modified
magnetic nanoparticles as a sustainable organocatalyst.

2. Experimental
2.1. Materials and reagents

Thin layer chromatographic (TLC) analyses were carried out
on precoated 60F,s4 slides (Merck). Generally, reagent grade sol-
vents were dried by standard procedures, and then distilled prior
to use. Commercially available chemicals were used without any
purification. When required, reactions were conducted under a
nitrogen atmosphere employing oven-dried glassware. Analytical
normal phase high performance liquid chromatography (HPLC) was

o
\/\/o\/,\/o
HO
Si0,

(@)

|

H HN=—NH

..n(\
o
Calix-Pro-MN

Fig. 2. Schematic representation of magnetically recoverable organocatalysts.

carried out using an Agilent 1200 instrument equipped with a
diode array detector (214 and 254 nm). '"H NMR (400 MHz) and 13C
NMR (100 MHz) spectra were obtained at ambient temperature on
a Varian spectrometer using CDCl3 as solvent and TMS as inter-
nal standard. Chemical shifts (8) are reported in parts per million
(ppm) relative to tetramethylsilane (TMS) as the internal refer-
ence. Coupling constants (J) are reported in Hz. Elemental analyses
were obtained on a Leco CHNS-932 analyzer. Perkin Elmer 100 FTIR
spectrometer was used for FTIR spectra.

2.2. Synthesis

The compounds 1-3 were synthesized by procedures pub-
lished in the literature [35,36]. Silica based magnetic nanoparticles
(Fe304-MN) was prepared according to literature procedure [37].
Compound 4 and magnetic derivatives of calix[4]arene (Calix-Pro-
MN) are herein reported for the first time.

2.3. Synthesis of compound 4

Boc-L-Proline (1.05g, 4.2mmol) and N,N’-dicyclohexyl-
carbodiimide (DCC) (1.2g) were dissolved in dichloromethane
(20mL) and cooled down to 0°C. After the solution was stirred
for 30min, a solution of compound 3 (1.55g, 1.96 mmol) in
dichloromethane (100 mL) was added and the mixture was stirred
60h at room temperature. Solvent was removed under reduced
pressure. The residue was dissolved in ethyl acetate (150 mL) and
the organic layer extracted three times with water. The combined
organic phases were dried (anhydrous MgS0,4), the solvent was
removed under reduced pressure. Compound 4 was obtained
in 73% yield; m.p. 132-134°C. IR: 1665, 1698cm~! (C=0). 'H
NMR (400 MHz, CDCl3) § (ppm): 1.05 (s, 18H, But), 1.27 (s, 18H,
But), 1.44 (s, 18H, But), 1.70-1.98 (m, 8H, CH,CH,), 3.45-3.72 (m,
8H, ArCH,Ar, CH;N), 4.10-4.33 (bs, 4H, ArCH,Ar), 4.46 (bs, 2H,
NCHCO), 4.71 (s, 4H, CH,0), 6.96 (s, 4H, ArH), 7.04 (s, 4H, ArH),
8.10 (s, 2H, NHCO), 8.80-9.20 (bs, 2H, NHCO), 9.55-9.86 (bs, 2H,
OH). 13C NMR (100 MHz, CDCl3): 171.64 (NHCO), 166.01 (NHCO),
157.13 (NCOO), 154.96, 154.17, 149.42, 142.85, 132.48, 127.03,
126.26,125.72, 80.20, 58.40, 54.37,50.0, 49.11, 47.44, 34.15, 33.85,
31.60, 31.00, 29.10, 28.40 and 24.58. Anal. Calcd for: Cg7Hg2012Ng:
C, 68.78; H, 7.98; N, 7.08%. Found: C, 68.32; H, 7.54; N, 7.50%.

2.4. Synthesis of compound 5

Compound 4 (0.25¢g, 0.21 mmol) was dissolved in mixture of
TFA/CH,Cl; (1:4) (20 mL), and stirred for 10 h at room temperature.
The mixture was basified with concentrated ammonia solution
and extracted with dichloromethane (3x 15 mL). After the removal
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