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Polyethylene Gylcol (PEG-400) as an efficient anddRyclable Reaction
Medium for the one pot synthesis of 3, 3’-Di (indgll) oxindoles under
catalyst-Free conditions
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ABSTRACT

Polyethylene glycol (PEG) was found to be an inexjpp@ nontoxic and effective medium for the onespothesis
of 3, 3'-Di (indolyl) oxindoles under catalyst-fre®nditions in excellent yields. Environmental qteability, low
cost, high yields, and recyclability of the PEG #re important features of this protocol.
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INTRODUCTION

Indole derivatives are featured widely in a wideiety of pharmacologically and biologically actigempounds. [1]
Oxindole derivatives are known to possess a vaoéthiological activity [2] The 3,3-diaryloxindolelsave been
shown to possess mechanism-specific antiprolifegatiantibacterial, antiprotozoal, and anti-inflantong
activities.[3]

These compounds are known to exhibit potent bickdgind pharmaceutical activities such as anticamecgi-HIV,
antioxidant, and neuroprotective properties.[4]eed, a substituent at C-3 position of the oxingidéeys a key role

in biological activity.[5] Therefore, there is sasted interest in developing simple and efficierdtinods for the
preparation of 33di(indolyl)oxindoles. Which were prepared from tteaction of isatin and indoles using a broad
range of acidic catalysts such as protic acid,fglccammoniumnitrate (CAN)=ultrasound,[7] KAI(SO4silica
sulfuricacid,[9]and Bi(OTf)3.[10]

Recently, water used as a solvent has also beehtaossnhance the reaction rates.[11] In recentsydhe use of
alternative solvents such as ionic liquids, poly&the glycol, and super critical fluids has gainegbortance as
green reaction media in view of environmental pgfioe. [12, 13] though water is a safe alternatiitas not
always possible to use water as a solvent due doopfobic nature of the reactants and the sertgitofi many
catalysts to aqueous conditions. [14] In this cet)it®EG has become an alternative reaction medjgetform
organic synthesis due to its inherent advantages toxic solvents. Furthermore, PEG is inexpenseasy to
handle, thermally stable, non-toxic, and recyclafle the best of our knowledge, there are no repfat the
synthesis of 33di(indolyl)oxindoles using PEG-400 as a reactioadiom under catalyst-free conditions. We,
herein, report a simple and efficient approach tfe synthesis of 3'ali(indolyl)oxindoles under catalyst-free
conditions using PEG-400 as an eco-friendly anglalable mediun{Scheme 1).
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Scheme. Synthesis of di(indolyl)oxindoles

MATERIALS AND METHODS

All the chemicals employed in this study were precufrom Sigma Aldrich and Alfaesear. In presentgt all the
synthetic reactions were monitored by TLC and sysited compounds were confirmed by various spexdps
methods. The IR spectra were recorded using KBetsebn a Perkin Elmer IR spectrophotometer.1H NépBctra
were recorded on Brucker 300 MHz Avance NMR spgttodometer using CdCI3 as solvent and TMS as iatern
standard (chemical shifts in d ppm). The mass speatre recorded on Agilent 6300 series ion trap

The characteristic data of compounds are given bvelo

(Compound 1, Table 1): 1H, 1 H-[3', 3, 3"-terindd2(1H)-one: Yield: 325 mg (90 %)IR (KBr)vmax/43, 1099,
1467, 1617, 1690, 3056, 3123, 3399, (NH), 3440 (MiHK1'H NMR (CDCL, 400MHz, TMS):5 d 6.93-6.99 (m,
6H), 7.12-7.24 (m,3H), 7.34-7.40 (m, 5H), 7.74 @rlH, NH), 8.10 (br, s, 2H,NHJC NMR (CDCE, 100 MHz,
TMS): 5 163.8, 161.9, 158.6, 155.9, 137.1, 132.9, 1298,8, 121.8, 120.8, 116.1, 115.9, 112.3, 111.%4,430.3,
31.9, 29.6, 29.3, 28.6, 24.5, 22.6.Mass (ESH)/z363 [M+H]"

(Compound 2, Table 1): 2,2"-dimethyl- 1H, 1"-[3,3"-terindol]-2'(1'H)-one: Yield: 305mg (80 %)IR (KBr):
VmaN1209, 1243, 1455, 1616, 1693, 2878, 2939, 30579(3&) cmK1H NMR (CDCk, 400MHz, TMS):5 d d
3.71 (s, 6H,CH), 6.86 (s, 2H), 6.93-7.42 (m, 12H), 7.81 (br, d,NH);**C NMR (CDC}k, 100 MHz, TMS):8
164.8, 162.9, 159.6, 155.9, 137.1, 132.9, 129.8,8/2121.8, 120.8, 116.1, 115.9, 112.3, 111.7,,43943, 31.9,
30.6, 29.3, 28.6, 25.5, 23.6.Mass (ESH/z390 [M+H]"

(Compound 3, Table 1%,5"-dimethyl- 1H, 1"H-[3,3',3"-terindol]-2'(1'H )-one: Yield: 298 mg (80 %%)IR
(KBr): vman 751, 1107, 1235,1466, 1614, 1712, 2853, 29146 3884), 3413 (NH) cmKIH NMR (CDCE,
400MHz, TMS):56 d d 2.40 (s, 6H, C§J, 6.78 (d,2H, JZ7.6 Hz), 6.93-7.00 (m, 5H), 7.1497(m, 5H), 7.54(br, s,
1H, NH), 7.94 (br, s, 2H, NHYC NMR (CDCk, 100 MHz, TMS) 06 9.2, 22.1, 54.2, 109.0, 110.0, 111.4,
111.6, 113.6,118.8, 119.5, 121.6, 122.0, 123.3,91246.1, 126.6,128.9, 130.0, 130.4, 131.2, 1383K.1, 135.9,
140.4, 178.4Mass (ESI)m/z390 [M+H]"

(Compound 4, Table 1%'-chloro-1H,1"H-[3,3":3",3"-terindol]-2'(1'H)-on e: Yield: 315 mg (85 %%)IR (KBr):
Vma 509, 630, 761,827, 991, 1030, 1479, 1649, 21267 ZNH), 3433(NH) cmK1*H NMR (400 MHz, DMSO)

8 =11.00 (1H, s), 10.99 (1H, s), 10.74 (1H, s)873H, d,J = 8 Hz), 7.28-7.19 (4H, m), 7.05-7.01 (3H, m),®.9
(2H, d,J = 2.4 Hz), 6.85-6.81 (2H, m)}*C NMR (100 MHz, DMSO) = 178.40, 140.22, 136.92, 136.54, 127.70,
125.48, 124.63, 124.34, 120.99, 120.52, 118.35,501311.66, 111.04, 52.83; NHMass (ES1)/z396 [M+H]"

(Compound 5, Table 1%,5"-dibromo-1H,1"H-[3,3',3',3"-terindol]-2'(1' H)-one: Yield: 292 mg (65 %%)IR
(KBr):vman N 747, 1101, 1343, 1470, 1089, 1455, 1487, 16699, 3054, 3410 (NH) cmK'H NMR (CDCE,
400MHz, TMS) :5d d 2.46 (s, 6H, C§J, 6.85-7.00 (m, 8H), 7.18-7.24 (m, 3H), 7.40 (d, 127.2 Hz),7.73 (br,
s, 1H, NH), 8.00 (br, s, 2H, NH);Mass (ESIin/z517 [M+H]"

(Compound 6, Table 1).,1',1",5,5"-pentamethyl-1H,1"H-[3,3":3",3"-ter indol]-2'(1'H)-one: Yield: 335 mg (85
%9%)IR (KBr): vinay 739, 1090, 1250,1260, 1470, 1620, 1709, 3346 @K 1;"H NMR (CDCk, 400MHz, TMS):
8 d 7.02-7.09 (m, 2H), 7.20-7.32(m, 4H), 7.57 (d, 2B8.4 Hz), 7.96 (d, 2H, JZ8.4 Hz),8.23 (s, 2H),96 (br, s,
1H, NH), 11.81 (br, s, 2H, NH)Mass (ESin/z432 [M+H]"

(Compound7,Table1}k,5"-dimethoxy-1H,1"H-[3,3":3",3"-terindol]-2'(1 'H)-ne: Yield:295 mg (85 %%)IR (KBr):
Vmadl 641,761, 832, 997, 1024, 1210, 1457, 1638, 2M2§),(3413(NH) cmK1H NMR (300 MHz, DMSO0)5 =
10.785 (2H, s), 10.58 (1H, s), 7.25-7.18 (4H, m)076.84 (4H, m), 6.71-6.67 (4H, m), 3.51 (6H,'8} NMR (75
MHz, DMSO)é = 178.73, 152.38, 141.41, 134.51, 132.15, 127.82,0826.25.13, 124.95, 121.47, 113.59, 112.04,
110.39, 109.40, 103.27, 55.08, 52.47;; Mass (ESW)/z 423M+H]"
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(Compound 8, Table 1)',2,2"-trimethyl-1H,1"H-[3,3"3',3"-terindol]-2 '(1'H)-one:Yield: 315 mg (75 %%)IR
(KBI): vmad) 746, 1087, 1469, 1606, 1722, 2924,3049 crift NMR(CDCk,400MHz, TMS)8dd3.35(s, 3H,Ch),
3.70 (s, 6H, Ch), 6.84 (d, 2H, JZ8.0 Hz), 6.91-7.18(m, 7H), 7.28674m,5H);Mass(ESn/z404 [M+H]"

(Compound 9, Table 1%,5"-dinitro-1H,1"H-[3,3":3",3"-terindol]-2'(1'H )-one:Yield: 310 mg (65 %%)IR (KBr):
Vmadl 772, 832, 991, 1024, 1331, 1368, 2263 (NH), 33@9) cmK1;*H NMR (300 MHz, DMSO) = 11.71 (2H,
s), 10.87 (1H, s), 8.13 (2H, d,= 2.1 Hz), 7.88-7.84 (2H, m), 7.47 (2H, 8= 9.0 Hz), 7.21-6.89 (6H, m);C
NMR (75 MHz, DMSO)s = 177.96, 141.17, 140.20, 132.90, 128.64, 12812%,89, 124.57, 122.12, 117.45,
116.68, 112.45, 110.13, 52.04;Mass (ESWYz453 [M+H]"

(Compound 10, Table 1)’-tosyl-1H,1"H-[3,3":3',3"-terindol]-2'(1'H)-one : Yield: 300 mg (85 %%)IR (KBr):
Vma 734,1135, 1429, 1612, 1704, 2934, 3054, 31041 861) cmK1H NMR (CDCk, 400MHz, TMS):5 d 3.74
(s, 6H, CH), 6.92(s, 1H), 6.96-7.32 (m, 10H), 7.47 (d, 2H8.lZHz), 7.61(br,s,1H,NH);Mass(ESIm/z 516
[M+H]”

(Compound 11, Table 15.5"-dibromo-2,2"-dimethyl-1'-tosyl-1H,1"H-[3,3" :3',3"-terindol]-2'(1'H)-one .:Yield:
280 mg (70 %%)IR (KBr)vm.n 743, 1099, 1467, 1617, 1690, 3056, 3123, 3399) @40 (NH) cmKiH NMR
(CDCl;, 400MHz, TMS):6 1.99(s, 3H), 6.77-6.86 (m, 4H), 6.90-7.03 (m, 3H)6 (s, 1H),7.17-7.25 (m, 4H), 7.35
(d, 1H, JZ8.4 Hz), 10.60 (s, 1H),10.83 (br, s, NH{), 10.94 (br, s, 1H, NH);Mass (ESI/z700 [M+H]"

(Compound 12, Table 1}!-allyl-1H,1"H-[3,3":3",3"-terindol]-2'(1'H)-one : Yield: 315 mg (80 %%)IR (KBr)¥Vmax
751, 1099, 1468, 1615, 1711, 3047, 2842, 2909, 3822 (NH), 3392 (NH) cmKiHd NMR (CDCk, 400MHz,
TMS): 6 d 2.31 (s, 3H), 6.94-7.38 (m, 13H), 7.55 (br,1d4, NH),7.98 (br, s, 1H, NH), 8.07 (br, s, 1H, NHJass
(ESI).:m/z402 [M+H]"

RESULTS AND DISCUSSION

We have synthesized a series of compounds 3b—tillzyng Isatin derivatives (1a—d) and indole dative (2a—e)
under similar conditions (Table 1). It is interegtito note that 5-methyl indole had the greatesttiety, but 3-
methyl indole did not react. One equivalent ofiisdta and 2 equiv. of indole 2a in PEG-400 (5 MBrev heated
under heated at & for 8hours to afford 3, 31-di (indolyl) oxindolés85% vyield. The structure of the compound
was supported by the spectroscopic data, elemantlysis, and comparison with the sample prepasethé
literature procedure.[15, 16]

General procedureGeneral procedure for the synthesis of substit8te®-di (indolyl) oxindoles by using PEG as
a reaction medium: A mixture of the isatin (1.0 nimimdole (1.0 mmol), was taken in 5 ml of polygine glycol,
and stirred at g% for the appropriate time. After completion of tteaction, as monitored by TLC, the reaction
mass was extracted with ethyl acetate (3 5 mL)semphrated PEG. The combined organic layers wengoeatd
under reduced pressure, and the crude product urfied by column chromatography using silica gg0€120
mesh) and hexane/EtOAc, 9:1). The recovered PEG waasum dried and reused for three cycles without
significant loss of activity.
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Table 1.PEG mediated synthesis 3:ali (indolyl) oxindoles derivatives via the conderation of isatins with Indoles

Entry Isatin Indoles Product Time(H) Yield(%)

8 90
12 80
7 88
12 85
15 65
10 85
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Table 1(Continued)

Entry Isatin Indoles Product Time(h) Yield(%)

7 O
L *
N
H
8
75
9 O
(:E,:g: 65
H
10
85
11 70
12 80

2 Reaction conditions: isatin (1 mmol), indoles @af), PEG (5 ml), 8.
PIsolated yield.

In order to assess the efficiency of PEG-400, ##etion indole with isatin was also carried oupaiar solvents

such as DMF, DMSO, NMP, and ethylene glycol. Ofsthsolvents, PEG-400 was found to be superiorduighe
the corresponding product 3l and the results azsgmted in Table 2.
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Table 2
Entry Solvent Amount (mL) Time (h) Yield (%)
1 DMF 5 12 58
DMSO 5 10 60
NMF 5 10 57
4 Ethyleneglycol 5 10 65
CONCLUSION

We have developed an efficient approach for thehsgis of various 3!&i(indolyl) oxindoles derivatives using
PEG-400 without the need of any additive or acithlgat. The mild reaction conditions, inexpensieaation
medium, operational simplicity, and high yields #re advantages of this protocol
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