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ABSTRACT

In this paper, a new nano-size ionic liquid (nIL) has been synthesized from D-phenylalanine and oxalic acid (D-Phe-OX) via a
simple procedure. The obtained nIL has been characterized by the fourier transform infrared spectroscopy (FT-IR), energy-
dispersive X-ray spectroscopy (EDAX), thermogravimetric analysis (TGA), nuclear magnetic resonance spectroscopy (‘H
NMR), and field emission scanning electron microscopy (FESEM), techniques. The synthesized nanocatalyst has been used for
the three-component one-step synthesis of functionalized spirolactones via the condensation reaction of arylamines, DMAD and
isatins. The stereoselective preparation of dispirodihydrofuranyl oxindoles has also been examined successfully through the one-
step pseudo-four component condensation of isatins, amines and DMAD, respectively.
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1. Introduction Recently, versatile efficient methods have been reported
for the preparation of spirooxindole-fused heterocycles
such as cycloaddition [6], Asinger-type reaction [7],
domino Buchwald-Hartwig/ Michael reaction [8],
cascade cyclization and Friedel-Crafts reaction [9], and
Morita-Baylis-Hillman [10] reactions.

Tonic liquids are compounds which consist of bulky
organic cations and inorganic/ organic anions, which
melt at a relatively low temperature. They are
inflammable, thermally stable, easy and safe solids to
handle with negligible vapor pressure and soluble in

many polar organic molecules and also water. Their Isatin derivatives are of the critical precursors for
polarity and hydrophilicity/ hydrophobicity depend on preparation of a wide range of spirocyclic oxindoles
the suitable combination of cations and anions. They are [11,12]. Spiro compounds consist of lactone motif has
known by several different names such as neoteric appeared recent years because of their different
solvents, ionic fluids, and melting salts and usually pharmaceutical and biological properties such as
could be utilized as both solvent and catalyst which isin ~ anti-androgenic [13], anti-convulants [14], anti-HIV
synchronized with green chemistry rules [1]. [15], and anti-inflammatory [16] activities.
Spiro compounds represent an important class of In continuation of our research interest in preparing
naturally occurring substances identified by highly nitrogen-containing  heterocycles [17-22] herein we
pronounced biological properties. Some spirocyclic report synthesis of functionalized spirolactones and
oxindole systems demonstrated antimicrobial [2],  dispirodihydrofuranyl oxindoles via the reactions of
antibacterial [3], and antitumor [4] properties. Some isatin, primary amines, and DMAD. The transformation
alkaloids including spirooxindole motifs have been  has been accelerated in the presence of D-phenylalanine
discovered [5]. and oxalic acid (D-Phe-OX), as a novel, newly reported
chiral nano-size ionic liquid. The IL has also been
*Corresponding author. characterized by ordinary techniques. It must be
Email addresses: k.nikoofar@alzahra.ac.ir, mentioned that some derivatives of these compounds
kobranikoofar@yahoo.com (K. Nikoofar) have been obtained by Perumal et al. in 2012 in MeOH
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[23]. In our report the stereoselectivity of the
dispirodihydrofuranyl oxindoles and the reaction
mechanisms have been investigated.

2. Experimental
2.1. Reagents and apparatus

All chemicals were purchased from Merck, Aldrich, and
Alfa Aesar and were used without further purification.
IR spectra were recorded from KBr disk using the FT-
IR Bruker Tensor 27 instrument. Melting points were
determined on an Electrothermal 9200 analyzer and are
uncorrected. 'H NMR spectra were recorded with a
Bruker drx 400 MHz, machine. Elemental analyses were
determined using a Thermo-Finnigan Flash EA 1112
Series. Mass spectroscopy has been obtained by Ge-
Mass 5973 network mass selective detector, GC 6690
Agilent device. Progress of the reaction was monitored
by thin layer chromatography TLC technique using
commercially available silica gel sheets. Preparative
layer chromatography (PLC), carried out on 20 x 20 cm?
plates, coated with a 1 mm thick layer of Merck silica
gel PFas4, prepared by applying the silica as slurry and
drying in air. The scanning electron microscope
FESEM, model ZEISS AMA, was used to characterize
the nanostructures. Thermogravimetric analysis was
determined by PYRIS DIAMOND apparatus. The
polarimeteric machine SCHMIDT, HAENDCH 23368,
was used to characterize optical rotation. The products
were characterized by comparison of their melting
points and also spectroscopic data (FT-IR, 'H NMR, and
CHN analysis).

2.2. General procedure for the synthesis of
D-phenylalanine-Oxalic acid nano ionic liquid (D-Phe-
OXnlL)

A solution of D-phenylalanine (4 mmol, 0.66 g), and
oxalic acid dihydrate (4 mmol, 0.504 g), in 5 ml water
was stirred at 90 °C for 2 h. Then, solvent was
evaporated to give a snow-like white powder.

2.3.  General procedure for
spirolactones  (4a-h)
bisoxindoles (4a-h)

the synthesis of
and  dispirodihydrofuranyl

A mixture of isatins (1a-c, 1 mmol for spirolactones and
2 mmol for dispirodihydrofuranyl bisoxindoles),
arylamines (2a-g, 1 mmol), DMAD (3, 1 mmol), and
nlL 0.008 g, under solvent-free conditions at 70 °C was
stirred for the appropriate reaction time monitored by
thin layer chromatography TLC (n-hexan/ EtOAc
eluent, 3:1). After completion of the reaction, the pure
products 4a-h and Sa-h were gained by plate
chromatography.
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Selected spectral data

Methyl-5"-nitro-2", 5-dioxo-4-(phenylamino)-5H-
spiro[furan-2,3'"-indoline]-3-carboxylate (4g):

Orange solid. m.p.: 107-110 °C. IR (KBr):
v=3617, 3285, 3100, 2953, 1739, 1621, 1462, 1528,
1340, 1208, 1153 cm™. "THNMR (DMSO-ds, 400 MHz):
o= 3.72 (s, 3H, -OCHj3), 6.99-8.4 (m, -ArH), 10.92
(s, 1H, NH), 11.69 (s, 1H, NH) ppm. GC-Mass:
m/z= 378 ([M'-2]-Me), 314 (M"-CH,CHCO,Me), 302
([M*]-aniline), 284 ([M']-CO,, -NHCOEt), 270
([M*]-C¢HsNO,). Anal. caled. for CioHi3N307: C,
57.73; H,3.31; N, 10.63%. Found: C, 57.74; H, 3.30; N,
10.64%.

Methyl-5'-chloro-2',5-dioxo-4-(p-tolylamino)-5 H-
spiro[furan-2,3"-indoline]-3-carboxylate (4h):

Dark yellow solid. m.p.= 85-90 °C. IR (KBr): v=
3445, 2924, 1741, 1660, 1466, 1249, 1169, 671 cm’.
'"HNMR (DMSO-ds, 400 MHz): 6= 2.23 (s, 3H,
-CH3), 3.56 (s, 3H, -OCHj3), 6.61-7.96 (m, -ArH),
9.99 (s, 1H, NH), 10.33 (s, 1H, NH) ppm. GC-Mass:
m/z= 372 ([M']-CO), 344 ([M']-CO, -CH,CH,),
328 (IM*]-CO, -CH,CHo, -Me), 316
([M*]-CH,CHCO;Me), 298 ([M+]-CH,CHCO,Me,
-Me), 227 ([M']-4-CIC¢H,NHCHO), 194 ([M']-CO,
-NH,COMe,  -4-CIC¢Hs).  Anal.  caled. for
C20H1sN205Cl: C, 60.23; H, 3.79; N, 7.02%. Found:
C, 60.24; H, 3.80; N, 7.01%.

Dispirodihydrofuranyl bisoxindole (5g):

Orange solid. m.p.= 135-138 °C. IR (KBr): v = 3328,
3130, 2954, 1726, 1620, 1460, 1528, 1341, 1251,
1160 cm™. '"HNMR (DMSO-ds, 400 MHz): &= 3.15
(s, 3H, -OCH3), 6.93-8.57 (m, -ArH), 9.16 (s, 1H, NH),
10.47 (s, 1H, NH), 10.94 (s, 1H, NH) ppm. Anal. calcd.
for C26H17Ns09: C, 57.46; H, 3.15; N, 12.89%. Found:
C, 57.45; H, 3.16; N, 12.90%.

Dispirodihydrofuranyl bisoxindole (5h):

Dark yellow solid. m.p.= 90-94 °C. IR (KBr): v = 3360,
2953, 1736, 1616, 1436, 1575, 1249, 1171, 651 cm™.
"HNMR (DMSO-ds, 400 MHz): 8= 2.23 (s, 3H, -CH3),
3.76 (s, 3H, -OCHj), 6.55-7.58 (m, -ArH), 10.16
(s, 1H, NH), 10.19 (s, 1H, NH), 11.16 (s, 1H, NH)
ppm. GC-Mass: m/z= 372 ([M*]-4-chlorooxindolyl),
357 ([M*]-4-chlorooxindolyl, -Me), 328
([M*]-4-chlorooxindolyl, -Me, -CO), 265 ([M']-4-
chlorooxindolyl, -4-methylaniline). Anal. calcd. for
C27H19N305Cla: C, 65.19; H, 3.85; N, 8.45%. Found: C,
65.20; H, 3.86; N, 8.43%.
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3. Results and Discussion

The chiral ionic liquid (D-Phe-OX), a snow-like white
powder, was prepared via a simple procedure through
the reaction of D-phenylalanine and oxalic acid
dihydrate in the presence of water as a solvent
(Scheme 1).

The structures of catalyst were consistent with FT-IR,
FESEM, EDAX, 'THNMR, TGA/ DTG, and polarimetric
techniques. The FT-IR spectrum of D-Phe-OX,
exhibited sharp stretching peaks at 1698 with a shoulder
at 1741 cm related to carboxylic acid and carboxylate
carbonyl groups. The sharp peaks at 1264, 1131, 514,
3061, and 2930 ¢cm™! dedicated the C-O stretching of
oxalate ion, C-OH stretching vibration of carboxylic
acid, rotational vibration of NH**, sp? C-H, and sp* C-H
stretching bands respectively. The broad starching
peaks in 3862-3898 cm™ and 2600-3100 cm™ region
demonstrated N-H stretching and NH™ vibrations
(Fig. 1).

"H NMR spectrum of D-Phe-OX, which is recorded
in D;O, showed two doublets of doublet at & 3.07
J=13.39, 10.91 Hz, and 3.23 ppm J = 19.39, 7.35 Hz,
relating to the CH, methylene group. The CH proton of
D-phenylalanine appeared at 4.17 ppm as a doublet of
doublet pattern (J = 10.19, 7.46 Hz). Aromatic protons
were recorded at two multiple peaks at 6 7.19-7.22 ppm
2H, and 7.25-7.34 ppm 3H (Fig. 2). The protons of
carboxylic acid and NH** groups did not appear due to
exchanging with the deuterated solvent.

Oy OH

Scheme 1. Preparation of D-Phe-OX nano IL.

The TGA/ DTG diagram of the nano IL is shown at
Fig. 3. According to the results, the weight loss
took place in some exothermic steps which consist of
50-70 °C and 120-140 °C. These peaks are due to
losing the adsorbed water on the surface of IL. The
main weight loss was displayed at 210-230 °C,
the complete destruction of structure was related
to decomposition of D-phenylalanine happening at
300-380 °C.

The FESEM pattern of synthesized catalyst is
shown at Fig. 4. This image reveals that the
product consists of nano-size parts with the
average size of 40-75 nm, with semi-filamentary
morphology.

EDAX of D-Phe-OX nlL in Fig. 5 demonstrated that the
catalyst is only made up of carbon, nitrogen, and
oxygen.

The optical rotation for the synthesized nIL by means of
polarimeter device obtained ([a,]3° = 18.25 25 °C,
C = 4x10* g/ml, Ana), whereas in the same conditions
the optical rotation for D-phenylalanine is
[a,]2® = 55.25. these results confirmed the chirality of
D-Phe-OX.

In order to examine the catalytic activity of the prepared
nlL, our present investigation deals with the reactions of
isatin, primary amines, and DMAD in the presence of
chiral nano ionic liquid, D-Phe-OX, under solvent-free
conditions to obtain functionalized spirolactones
(Scheme 2).
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Fig. 1. FT-IR spectrum of D-Phe-OX.
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Fig. 2. 'HNMR spectrum for D-Phe-OX in D,O.
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Fig. 3. TGA/ DTG diagram of D-Phe-OX.
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To optimize the reaction conditions, the one-pot
and one-step reaction of isatin (la, 1 mmol),
4-bromoanilin (2b, 1 mmol), and DMAD (3, 1 mmol),

in the presence of D-Phe-OX was picked
as the model reaction. The effect of wvarious
factors such as temperature, solvent, and

catalyst amount has been checked. The results Table 1,
showed that the best temperature is 70 °C (entries 1-3).
Increasing up to 90 °C didn’t have any significant
effect on the reaction progress (entry 4). The solvent
investigation in entries 5-8, confirmed that the
reaction performed well in the absence of solvent.
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The catalyst amount, as another item, has also
been examined which resulted in 0.008 g of nIL (entries
9,10). The model reaction has also surveyed via a
domino manner but the corresponding product 4b was
not obtain.

In the next step, based on optimized conditions,
the reaction of various isatins (la-c¢) with aniline
derivatives (2a-g), and DMAD (3) in 1:1:1 molar
ratio proceeded in the presence of catalytic amount
D-Phe-OX nlIL (0.008 g) wunder solvent-free
conditions at 70 °C. The results are summarized in
Table 2. As could be deduced, the reaction of aniline
(2a) with isatin (1a) progressed in a longer time in
comparison to the condensation of 2a with electron
withdrawing  4-nitroaniline  (1¢). In addition,
condensation of electron-donating anilines performed in
longer period in respect of electron-withdrawing
analogues.

We have expressed a plausible mechanism for the
formation of spirolactone. First, Bronsted acidic sites of
nlL activated DMAD (3), which was condensed with
arylamine (2) to give intermediate (A) in the presence of
D-Phe-OX nIL as the Bronsted acid catalyst. Second,
the intermediate (A) attacked its carbanionic moiety to
activated isatin (1) to produce B. Finally, the
spirolactone compounds (4) were obtained through
intramolecular cyclization followed by methanol
removal form B (Scheme 3).
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Fig. 4. FESEM image of nano-size D-Phe-OX.
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Fig. 5. EDAX diagram of D-Phe-OX nIL.
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H R Co,Me
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cR=Cl cR'=3-Me
dR'=4-Cl
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fR'=4-OMe
g R'=4-Me

Scheme 2. Synthesis of spirolactones using D-Phe-OX.
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Table 1. Rationalization of the reaction conditions for the synthesis of 4b.

Br
0 NH2  co,Me 7
©f1;0 . © o D-phe-Ox 0 )—NH
N [ come N COMe
la 2b 3 4b
Entry Solvent’/ Temp (°C)/ nIL amount (g) Time (min) Yield (%)°
1 -/ rt/ 0.008 360 90
2 -/ 50/ 0.008 60 70
3 -/ 70/ 0.008 35 90
4 -/ 90/ 0.008 35 90
5 CH30H/ 70/ 0.008 150 50
6 CH;CN/ 70/ 0.008 75 60
7 H,0O/ 70/ 0.008 135 10
8 C,HsOH/ 70/0.008 135 20
9 -/ 70/ 0.004 55 90
10 -/ 70/ 0.012 40 90
35 ml of each solvent has been used.
bsolated yield.
Table 2. Synthesis of spirolactone derivatives in the presence of D-Phe-OX nIL.
Entry R R' Product Time (min) Yield (%)*
1 H H 4a 55 92
2 H 4-Br 4b 35 90
3 H 3-CH; 4c 100 91
4 H 4-Cl 4d 30 90
5 H 4-NO, 4e 60 73
6 H 4-OCHzs 4f 70 81
7° NO; H 4g 30 94
8° Cl 4-CH3 4h 150 95
solated yield.
"New compounds.
In the next part of our research, the one spot in TLC and 'HNMR analysis and
synthesis ~ of  dispirodihydrofuranyl  oxindoles also plate chromatography isolation prove this

has been examined via a one-pot, one-step and
pseudo-four-component condensation reaction of
arylamines, DMAD, and isatins, in 1:1:2
molar ratio, in the presence of 0.008 g of the
nIL under solvent-free conditions at 70 °C (Scheme 4).
Based on the results, only one diastereomer
of the corresponding product has been obtained.
This diastereoselectivity was because of utilizing
D-Phe-OX, as a chiral catalyst. Observation of
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claim. The assumed route for the synthesis of
dispirodihydrofuranyl  bisoxindoles  has  been
demonstrated in Scheme 5. The intermediate (C)
has been prepared according to Scheme 3,
which releases CO, via decyclization process to
produce (D). Then, the zwitterionic compound
(D) was attached to the second activated isatin
molecule to create dispirodihydrofuranyl bisoxindoles
(5) diastereoselectively.
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Scheme 3. Possible mechanism for the synthesis of spirolactones using D-Phe-OX nlIL.
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Scheme 4. One-pot synthesis of dispirodihydrofuranyl bisoxindoles in the presence of D-Phe-OX nlL.

It is also noteworthy to mention that this is the first
report on the synthesis of diastereoselective
dispirodihydrofuranyl oxindoles using a chiral nano
ionic liquid. In regard to the obtained results in Table 3,
formation of products in presence of S-nitroisatin (1b)
in comparison to 5-chloroisatin (1¢) was performed in
shorter time. Likewise, the condensation of electron-
donating analogues of aniline, such as 4-methoxyaniline
(2f) and 4-methylaniline (2g) promoted more rapidly in
shorter time as opposed to aniline (2a) and its electron-
withdrawing analogues such as 4-chloroaniline (2d),
and 4-nitroaniline (2e).

4. Conclusions

In conclusion in this report, a novel nano-size chiral
ionic liquid has been prepared for the first time and
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characterized via FESEM, FT-IR, EDX, TGA/ DTG,
and "H NMR techniques. Its catalytic activity has been
examined in the synthesis of spirolactones and
dispirodihydrofuranyl bisoxindoles under solvent-free
conditions successfully. This work has several
advantages such as short reaction times, high yields of
products, ambient temperature; and utilizing easily
prepared, inexpensive and non-toxic nano catalysts. The
procedure has not required hazardous organic solvents,
which  follows the green chemistry. The
steresoselectivity of dispirodihydrofuranyl bisoxindoles
synthesis has also been studied.
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Table 3. Synthesis of dispirodihydrofuranyl bisoxindole derivatives in the presence of D-Phe-OX nlIL.

Entry R R' Product Time (min) Yield (%)?
1 H H 5a 240 92
2 H 4-Br 5b 180 91
3 H 3-CH; Sc 60 85
4 H 4-Cl 5d 210 93
5 H 4-NO; Se 330 85
6 H 4-OCHs3 5t 90 92
7° NO; H 5¢g 85 93
8° Cl 4-CHs 5h 120 94
solated yield.

"New compounds.

H
@: D-Phe-Ox 5

Scheme 5. Proposal mechanism for the synthesis of dispirodihydrofuranyl bisoxindoles using D-Phe-OX nlL.
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