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ABSTRACT

This paper describes the synthesis of aromatic 2-oxazolines from aromatic aldehydes and 2-
aminoal cohols using magnetically recoverable Pd/Fe;O,. This method is found to be applicable
for wide range of aromatic nitriles and amino alcohols. High catalytic activity and ease of
recovery using an external magnetic field are additional eco-friendly attributes of this catalytic
system. The catalyst was recycled for five times without significant loss of catalytic activity.
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INTRODUCTION

Construction of nitrogen containing five-memberenetycles is an important synthetic strategy
for organic chemist due to their wide range of aaflility in synthesis of various biologically
active compounds and their scope as asymmetrydigacatalysis. Among them, 2-oxazolines,
(4,5-dihydrooxazoles) exist in variety of naturabgucts and biologically active compounds and
as enzyme inhibitors.[1] Few of the natural produb@ving oxazoline frame work are :
Bistratamide, acinetobactin, ascidiacyclamideans, trans- ceratospongamide, agrobactin,
westiellamide .[2]

Oxazoline derivatives exhibit several pharmaceuti@etivities such as antidiabetic,
antihypertensive, antidepressiaaticancer, anti HIV-lantitumor and antialzheimer activities to
name a few.[3] Optically active mono- and bis- amlaes are used as chiral auxillaries and
ligands in asymmetric synthesis.[4] Achiral oxamel finds their use as an important protecting
group, and a valuable intermediate in organic s3gith[5]
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Numerous methods for the construction of 2-oxaeslinave been reported, from carboxylic
acids, esters, nitriles, aldehydes, hydroxyamidesfeom olefins.[6JAdolfsson and co-workers
prepared chiral 2-(aminoalkyl)oxazolines fromamino acids and 1,2-amino alcohols by
conventional method and later some of them haveldped a synthesis of oxazolines by using
carboxylic acids and amino alcohols.RFrthermore, Natale and co-workers aidshima and
co-workers were developed a one-pot direct syndhefi2-oxazolines from ester and amino
alcohols using LnGland Zinc triflate respectively.[8ecentlyBedekar and co-workers found
that natural kaolinitic clay as an effective asabt for the conversion of aromatic and aliphatic
nitriles with 1, 2-aminoalcohol to 2-oxazolines.[9]

Heterogeneous catalysis is particularly attrachiset allows the production and ready separation
of large quantities of products with the use ofreak amount of catalyst. Magnetic nanopatrticles
are a class of nanostructured materials of curmetgrest, due largely to their advanced
technological and medical applications, envisiooedealized.[L0Among the various magnetic
nanoparticles under investigation, ;8¢ nanoparticles are arguably the most extensively
studied[11jand recently emerged as promising supports for ibimation metal nanoparticles.
Fe;0O4-supported metal catalysts can be separated frenrdhaction medium by an external
permanent magnet. Pd4&R was were prepared according to literature[12] dredamount of
palladium in the catalyst was determined with asuctively coupled plasma, atomic emission
spectroscopy (ICPAES) instrument and Palladiumeaminvas measured as 0.14 mnolg

In the present work, we report our investigationstioe application of R®, supported Pd(0)
nanoparticles (Pd/E®,) for the synthesis of practical and atom-economiomatic 2-
oxazolines from the reaction of aromatic nitrilesl 2-aminoalcohols (Scheme 1).

R
A ON HO._R 3ol % Pd/Fe;0, O&
Ri=u + ]/ RN
= ‘ N
H,N toluene __
reflux, 10 h
Scheme 1

MATERIALSAND METHODS

4. Experimental Section

4.1. General

All chemicals were purchased from Sigma-Aldrich & B Fine Chemicals, Pvt. Ltd. India and
used as received. ACME silica gel (100-200 meshy used for column chromatography and
thin-layer chromatography was performed on Merakepated silica gel 60,5 plates. All the
other chemicals and solvents were obtained fromneeroial sources and purified using standard
methods. The IR spectra of all compounds were detbon a Perkin-Elmer, Spectrum GX FTIR
spectrometer. The IR values are reported in reciproentimeters (cif). The 'H, *C NMR
spectra were recorded on a Varian- 400 MHz, Brukaance 300 MHz Spectrometer. Chemical
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shifts @) are reported in ppm, using TM8 €0) as an internal standard in CRCESI mass
spectra were recorded on a Finnigan LCQ Advantagespectrometer.

4.2. Typical experimental procedure:

To a solution of benzonitrilel mmol), amino alcohol (1.2 mmol) in toluene (3 /d/Fe0, (1.5
mol %) was added. The reaction mixture was stiaed00°C and monitored by TLC. After
completion of the reaction, the reaction mixtureswguenched with NaHCGsolution. The
aqueous layer was extracted with ethyl acetate 28 xnL), and the combined organics were
dried over anhydrous N80y, concentrated in vacuo and purified by column ofatography on
silica gel to afford the pure product. All produetsre characterized by IRH NMR, **C NMR
and mass spectroscopic techniques.

Reuse of Catalyst. After completion of the reaction the catalyst wasovered by filtration and
washed several times with ethyl acetate and theer eind dried for further reuse. The catalyst
showed consistent activity for five cycles.

Spectroscopic data for the representative compounds

4.2.1. 5-methyl-2-phenyl-4,5-dihydrooxazole (Table 2, Entry 1): 'H NMR 3300 MHz,
CDCl) 7.86 (d,J = 8.5 Hz, Ar, 2H), 7.54 (d] = 8.2 Hz, 1H), 7.37 (d] = 8.5 Hz, Ar, 2H), 4.70
— 4.85 (m, 1H), 4.05 (dd] = 9.3 Hz, 9.3 Hz, 1H), 3.52 (dd,= 7.4 Hz, 7.4 Hz), 1.37 (d
=6.1Hz, -CH, 3H). EI MS (m/z): 161 (M.

4.2.2. 5-methyl-2-p-tolyl-4,5-dihydr ooxazole (Table 2, entry 2): *H NMR 8300 MHz, CDC})
7.80 (d,J= 7.9 Hz, Ar, 2H), 7.18 (d] = 7.9 Hz, Ar, 2H), 4.77 — 4.87 (m, 1H), 4.11 (dd& 9.3
Hz, 9.2 Hz, 1H), 3.57 (ddl = 7.4 Hz, 7.2 Hz), 2.4 (s, -GH3H), 1.43 (dJ = 6.0Hz, -CH, 3H).
El MS (m/z): 175 (M).

4.2.3. 4-ethyl-2-p-tolyl-4,5-dihydr ooxazole (Table 2, Entry 7): *H NMR (300 MHz, CDC})
7.82 (d,J= 8.1 Hz, Ar, 2H), 7.20 (d] = 7.9 Hz, Ar, 2H), 4.46 () = 7.9 Hz, 1H), 4.17- 4.43 (m,
1H), 4.02 (tJ= 7.9 Hz, 1H), 2.42 (s, -CH3H), 1.57 — 1.82 (m, 2H), 1.3 &= 7.4 Hz, 7.4 Hz,
3H). *C NMR (75 MHz, CDCJ): 157.4, 137.1, 134.1, 131.7, 130.2, 120.6, 11368, 11.6. El
MS m/z 189 (M).

4.2.4. 4-methyl-2-p-tolyl-4,5-dihydrooxazole (Table 2, Entry 12): *H NMR (300 MHz,
CDCl;) 7.81 (d,J= 7.9 Hz,Ar, 2H), 7.20 (d] = 7.9 Hz, Ar, 2H), 4.51 (] = 9.0 Hz, 8.1 Hz, 1H),
4.31- 4.43 (m, 1H), 3.94 (t, J = 7.5 Hz, 7.7 Hz,)1M42(s, -CH, 3H), 1.38 (d, J = 6.6 -GH
3H). 1¥C NMR (75 MHz, CDCJ): 151.8, 149.3, 135.6, 124.9, 123.1, 74.2, 62906,221.3. El
MS (m/z): 175 (M).

RESULTSAND DISCUSSION

In our initial studies, various solvents were irtigeged using benzonitrile and 1-aminopropan-2-
ol as model substrates to know solvent effect @ synthesis of oxazolines (Table 1). The
reaction conditions were optimized and the bestditmms were found to be 1.5 mol % of
Pd/FgO, and toluene as the solvent as shown in Table tty &n By virtue of these optimized
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conditions, the reaction afforded the desired pcodu 85 % yield. Subsequently, the reaction
condition was optimized by employing different saits, wherein various polar and non polar
solvents were examined and it was found that athem had negative influence on the reaction
to different degrees (Table 1, entries 2 - 8).

Table 1. Optimization of reaction conditionsfor the synthesis of oxazolinies?

CH,4

CN
e . Hoj/ Pd/Fe;0, . O\
_—
s solvent N N N
BN reflux =

Entry Solvent Time (h) Yield (%)P
1 Toluene 10 85
2 Benzene 10 60
3 CH,Cl, 10 20
6 DMF 24 0
7 DMSO 24 0
8 1,4 dioxane 24 35
9 CH;CN 24 15
10 CH;NO, 10 48

#Reaction conditions: benzonitrile (1 mmol), 1-aminopropan-2-ol (1.2 mmol), Pd/Fe;0,4 (1.5 mol%) and solvent (3
mL) at their reflux temperature.

The general applicability of this reaction was eatd with diverse aldehydes and amino
alcohols. In case of 1-amino-propan-2-ol as thenaraicohol variant, it was observed that the
reaction yielded better results for electron ralgasubstrates (Table 2, entries 1-5). When 2-
aminobutan-1-ol was taken the substrate, electritmdvawing aldehydes yielded better results
than electron releasing one (Table 2, entries 6-@0rall the yields are better compared to 1-
amino-propan-2-ol. When the reaction was carried with a hetero-aromatic aldehyde,
pyridine-3-aldehyde and the yield was moderate l@apentry 10).

With 2-aminopropan-1-ol, electron withdrawing grsugave better yield compared to electron
donating substrate. (Table 2, entry 11-15). Altghaldehyden-butyraldehyde with 3-amino-4-
phenylbutan-2-ol gave the desired oxazoline inageakle amount (Table 2, entry 16).

To check the recyclability of the catalyst, as d# seen from Table 3, the reaction was
performed with benzonitrile and amino alcohol. Tdaalyst was separated from the reaction
mixture by applying external magnetic field and sed without significant loss of catalytic
activity.
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Table 2: Synthesis of aromatic 2-oxazolines from different benzonitrilesand amino alcohols”

Entry Amino alcohol arylnitrile Product Yield(%)
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#Reaction conditions: benzonitrile (1 mmol), amino alcohol (1.2 mmol), Pd/Fe;0, (1.5 mol %) and toluene (3 mL) at 100 °C for 10 h.
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Table 3. Recovery and reuse of Pd/Fe;0, nanoparticlesfor the synthesis of phenyl-2-oxazoline®

Entry Yield (%)P Average
First ~ Second  Third Fourth Fifth yield (%)
1 77 75 75 73 70 74

#Reaction conditions: benzonitrile (1 mmol), amino alcohol (1.2 mmol), Pd/Fe;0, (1.5 mol %) and toluene (3 mL) at 100 °C for 10 h.
CONCLUSION

It can be concluded that a simple and straightfaiwaethod for the synthesis of the oxazoline
from benzonitrile and an amino alcohol using maiga#ly recoverable Pd/E®, as the catalyst
have been described. The reaction was carried mdérumilder condition and no other side
products are obtained. The new catalytic reactmpesented in this letter could be a meaningful
addition to the existing methods
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