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Synopsis: Assembly of -SO3H functionalized dicationic imidazolium ionic-liquids 

having variable lengths of methylene connecting spacers with inorganic Keggin 

phosphomolybdic acid provide heterogeneous nature to the synthesized hybrids making 

them easily recyclable and thermally stable acidic catalyst. The one with the longest 

methylene connecting spacer was found to be more efficient as an acid catalyst towards 

solvent-free one-pot Michael-like addition of indole with chalcones obtained via Claisen-

Schmidt condensation. 

4.1  Introduction 

One of the noteworthy reactions in organic chemistry involving the formation of C-C, C-

N and C-S bonds is Michael addition which occurs via conjugate addition of nucleophiles 

to unsaturated carbonyl compounds in the presence of acidic or basic catalysts [1]. The 

importance of heterocyclic scaffolds and their association with drug-discovery studies has 

brought remarkable attention to their clean and effective synthesis procedure [2, 3]. 

Studies on indole nuclei are increasing as it possesses numerous pharmacological qualities 

including antibiotic [4], anticancer [5], anti-bacterial [6], central nervous system 

modulating [7] etc. For example, yohimbin (17α-hydroxyyohimban-16α-carboxylic acid 

methyl ester), an indole alkaloid is used as a drug molecule for the treatment of sexual 

dysfunction [8] and also explored as a remedy for type 2 diabetes in animal [9]. Oxypertine 

and arbidol are another two indole derivatives used in the treatment of schizophrenia [10] 

and used as antiviral [11] respectively. Likewise, chalcones are also one of the crucial 

biologically active compounds. They are seen to have properties like cytotoxic [12], 

antimalarial [13] antileishmanial [14], anti-inflammatory [15], anti-HIV [16] antifungal 

[17] etc. Similarly, chalcones with naphthalene moiety have also been reported as potent 

anticancer agents [18]. Structures of a few pharmacologically important 3-substituted 

indole derivatives are provided in Fig. 1A.9, Chapter 1A, section 1A.8. 

Keeping in view the capable prospects of these molecules, many attempts have 

been made by researchers to synthesize molecules containing both moieties in a single 

framework [19]. Likewise, the synthesis of 3-substituted indole derivatives via Michael 

like addition of indoles to chalcones has also been attracting interest of chemists for many 

decades. Conventionally, α, β-unsaturated ketones as one of the substrates are utilized by 

many researchers for conjugate addition with the indoles using various catalysts like 

SbCl3, GaI3, polyvinyl sulfonic acid, ceric ammonium nitrate, p-toluene sulfonic acid, 
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InCl3, CeCl3·7H2O-NaI supported on silica gel [19–25]. However, many of these above-

given procedures bear shortcomings such as long reaction time, use of toxic reagents, 

formation of side products and use of hazardous solvents. Few reports are also present 

using ionic liquids as catalysts for such reactions and one such work was done by our 

group in which -SO3H functionalized ionic liquid catalyst was used as liquid catalyst for 

the synthesis of 3-substituted indoles [26,27].  

Polyoxometalates (POMs) represent anionic species of metal and oxygen with 

large molecular weights, range of sizes, nuclearities etc. These are a large family of metal-

oxygen cluster compounds with very high thermal stability and the inorganic-cage type 

anions having Keggin structure are of the form [XM12O40]
n-, where X is the heteroatom 

(e.g., P5+ or Si4+) and M is the addendum atom (W6+ or Mo6+ ) and these have been used 

extensively for acid catalysed reactions [28, 29]. Extensive advancement in POM 

chemistry based on their unique properties has been achieved in many fields like 

photochromism, separation chemistry, electrochemistry, magnetism and especially 

catalysis [30-35]. Keggin type of POMs has been employed in various applications [36-

39] and their performance as good catalysts is a consequence of their high thermal stability, 

presence of different active sites like protic acid, oxygen, and metals [40]. POMs and their 

high activity in acid-catalysed reactions are mainly because of the presence of protons and 

unoccupied metal orbitals [35]. 12-Tungstoboric acid (H5BW12O40) is used as an efficient 

homogeneous Lewis acid catalytic system for synthesis of pharmacologically active 

compounds, chromenopyrimidine-2,5-diones and thioxochromenopyrimidin-5-ones [41]. 

However, the high solubility of POMs and thus their use as homogeneous catalysts with 

limitations like separation of products and catalysts, poor recyclability in many cases, has 

restricted their use in industries [42]. Accordingly, different approaches to generation of 

heterogeneous catalysts out of POMs have attracted much interest. One way is the 

immobilization of POMs on solid surfaces [43-45] and the other one is generation of POM-

based hybrids by ion exchange with specific cations [46]. Immobilization of POMs on 

various supports like zeolite is effective with large surface area but due to hydrophilicity 

in the framework, it restricts the interaction of hydrophobic substrates to the active sites 

[47,48]. And there are a lot of incidences of heavy leaching due to weak interaction 

between POMs and support which acts as demerit to such systems [42]. While designing 

POM-based heterogeneous catalysts, properties like water tolerance, adjustable polarity 

should be considered [42]. Heterogeneous Lacunary POM derived hybrids based catalytic 
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systems were synthesized by groups of researchers like (TBA)7[PW11O39], 

(TBA)8[SiW11O39]·4H2O, (TBA)9[BW11O39]⋅11H2O and 

(TBA)6[Zr(OH)BW11O39]⋅8H2O, where (TBA+: tetrabutylammonium) and were used for 

organic synthesis reactions [49,50]. Inorganic–organic hybrids like 

[Dy4(PDA)4(H2O)11(SiMo12O40)]·7H2O, Na[Nd (pydc‐OH)(H2O)4]3}[SiW12O40]), 

[Co2(C4H6NO4)2(Mo8O26)(H2O)10]·4H2O  are another three catalysts derived from 

polyoxometalates used for synthesis of 2-amino-4H-chromene derivatives, [pyrazolo‐

]pyrido[2,3‐d]pyrimidine‐ diones, functionalized spirochromenes respectively through 

multicomponent reaction [35, 51, 52].  The combination of d and f metal ions into the 

lacunary site of POMs is another strategy for preparing POM-based heterogeneous 

catalysts with improvement in the catalytic activity of POMs. 

[Nd(H2O)8][Ag{Nd(H2O)6}2{SiW11Nd(H2O)4O39}2]·6H2O is such a pure inorganic 

heterogeneous catalyst which was used to check its catalytic activity for synthesis of 

different polyhydroquinolines and pyrimidines via Hantzsch and Bignelli reactions [53]. 

Series of Ln-POMs K15[Ln(BW11O39)2] (Ln-B2W22, Ln=La, Ce, Nd, Sm, Gd, and Er) was 

developed and used for synthesis of bioactive isatin derivatives and another series of 

[Ln(W5O18)2]
9– (Ln = La, Ce, Nd, Gd, Tb) was developed and used for synthesis of 

pyrazolopyranopyrimidines by the same group, Mirzaei and Heravi et al. [54, 55].  

Generally, liquid acid catalysts like mineral acids and -SO3H functionalized ionic 

liquids show good activity, but the hazardous acidic fumes of acid catalysts cause 

environmental problems apart from their strong corrosive nature. And the product 

isolation also becomes tedious [56]. Therefore, POM anions combined with task-specific 

ionic liquids, provide a strong option for resolving the solubility issue of POMs in polar 

solvents and generation of efficient and cleaner technology compared to polluting and 

corrosive liquid acid catalysts. The role of counter-cations of the precursor ionic liquid is 

immense in deciding the resultant nature of the hybrid. Hybrids based on polyoxometalate 

with large cationic counter ion result in insoluble catalysts and this type of catalysts thus 

falls under heterogeneous catalysts.  

From this perspective, synthesizing organic-inorganic hybrid materials from 

specially designed organic dications with the PMo12O40
3- anion can address the need for 

catalysts being heterogeneous with better properties. Dicationic ionic liquids were chosen 

as precursors for synthesis of the hybrids used in this work as they show several 

advantages like better thermal stability, lower volatility etc. over monocationic ionic 
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liquids [57]. Therefore, it was aimed to design the organic cations varying the methylene 

chain length between the -SO3H functionalized imidazolium dication to see the effect of 

cation structure on the resultant POM-based hybrids (DILPOMs) (Scheme-4.1), to tune 

the solubility properties as well as the acidity of hybrid materials. [DILPOM]-1 as 2-

methyl-1-(3-(2-methyl-3-sulfo-1H-imidazol-3-ium-1-yl)propyl)-3-sulfo-1H-imidazol-3-

ium phosphomolybdate, [DILPOM]-2 as 2-methyl-1-(4-(2-methyl-3-sulfo-1H-imidazol-

3-ium-1-yl)butyl)-3-sulfo-1H-imidazol-3-ium phosphomolybdate, [DILPOM]-3 as 2-

methyl-1-(12-(2-methyl-3-sulfo-1H-imidazol-3-ium-1-yl)dodecyl)-3-sulfo-1H-imidazol-

3-ium phosphomolybdate are the three synthesized dicationic IL-POM  hybrids reported 

in here. Their catalytic activities were investigated for one-pot synthesis of 3-substituted 

indoles involving Michael-like addition of indole to chalcones obtained from in situ 

Claisen Schmidt condensation of acetophenone with aromatic aldehydes.  

 

Scheme 4.1: Synthesis of [DILPOM]-1/2/3 hybrids. 
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4.2 Results and discussion 

The synthesis was completed according to the reaction Scheme 4.1 and the solid materials 

synthesized were subjected to different analytical techniques for characterization. 

4.2.1 FT-IR analysis  

The FT-IR spectroscopic analysis of the parent 12-molybdophosphoric acid 

(H3PMo12O40·nH2O or PMA) along with the hybrids [DILPOM]-1, [DILPOM]-2, 

[DILPOM]-3 are represented in Fig. 4.1 to their possible vibrations of different functional 

groups and bonds. The typical characteristic FTIR bands of the PMA are seen to have 

retained its fingerprint region in the hybrids as well at 1065, 956, 870 and 790 cm−1[58]. 

Peak at 1628 cm−1 in PMA is assigned to bending vibrations of water molecules in the 

secondary structures of the Keggin unit. These bending mode frequencies of water 

molecule is observed to be shifted to 1600 cm−1 and 1612 cm−1 for the [DILPOM]-1 and 

[DILPOM]-2 respectively due to weaker extent of hydrogen bond interactions with bound 

water molecules in contrast to the [DILPOM]-3 at 1635 cm−1. These results infer presence 

of a stronger intermolecular hydrogen bond interactions between the [DILPOM]-3 hybrid 

and the bound water molecules [59]. The obtained data also suggests presence of more 

intramolecular hydrogen bond interactions within the -SO3H groups of cations and 

polyoxometalate anion in [DILPOM]-1 and [DILPOM]-2 compared to [DILPOM]-3. 

Imidazole ring stretching peaks are observed at 1520 cm-1 for all the hybrids. Weak 

intensity peak at a range of 1426-1449 cm-1 can be assigned to the C-C in ring stretch 

vibration. The asymmetric S-O stretch was observed in the range 1212-1269 cm−1 whereas 

symmetric S-O stretch at range of 1050-1065 cm−1 is observed to have overlapped with 

the characteristic P-O stretch at 1065 cm−1. The N-S vibration frequency band has been 

observed to overlap with the characteristic vibrational frequency of polyoxometalate at 

around the range of 847-879 cm−1. Peaks observed at around 2918, 2923, 2929, 2926, 2850 

3154 and 3160 cm-1 are assigned to imidazole ring (C-H) and aliphatic (C-H) stretching 

vibrations of the alkyl bridge. The connecting alkyl spacer groups between the imidazole 

rings as well as the methyl groups at 2 position of the imidazole showed C-H rocking 

(1350-1392 cm-1) along with C-H bending (1450-1470 cm-1) in the respective IR spectra 

of the IL- POMs [60].  
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Peaks observed within 3300-3500 cm-1 range in the hybrids indicates presence of 

-OH of sulfonic groups as well as bound water molecules in the rigid framework of 

phosphomolybdate anion [61].  

 

Fig. 4.1: FT-IR spectra of H3PMo12O40·nH2O, [DILPOM]-1, [DILPOM]-2, [DILPOM]-

3. 

4.2.2 NMR analysis  

The 1H, 13C and 31P NMR spectra of the dicationic IL-POM hybrids in DMSO-d6 depict 

their formation in Fig. 4.2-4.4 (a, b, c) respectively with different lengths of bridging 

methylene groups, ([DILPOM]-1, [DILPOM]-2, [DILPOM]-3). 

For the [DILPOM]-1, 1H NMR spectrum displayed one broad peak of two –SO3H protons 

at 13.91 ppm, multiplet of 4 protons of the two imidazole rings at 7.58-7.48 ppm. A triplet 

at 4.15-4.11 ppm for 4 protons and another singlet at 2.46 ppm for 2 protons of the propyl 

chain indicates incorporation of propyl chain between two imidazolium rings. A singlet at 

2.56 ppm for 6 protons is observed for 6 methyl protons of the imidazole ring. The 13C 

NMR showed 6 peaks at δ values of 144.77, 122.12, 118.71, 44.48, 29.31, 10.85 ppm. For 

the [DILPOM]-2, the 1H NMR spectrum displayed one broad singlet peak of two –SO3H 



 

Chapter-4 

4.7 
 

protons at 13.85 ppm, multiplet of 4 protons of the two imidazole rings at 7.61-7.45 ppm. 

One singlet at 2.46 ppm for 6 protons indicates presence of -CH3 group at 2 positions of 

both the imidazole. A broad singlet at 4.10 ppm for 4 protons and another singlet at 1.75 

ppm for another 4 protons indicates incorporation of butyl chain between two imidazolium 

rings. Similarly, the 13C NMR of [DILPOM]-2, expressed 3 peaks at δ values of 119.27, 

100.03 and 11.71. The 1H NMR and 13C NMR peaks for [DILPOM]-3, were displayed as 

follows: 1HNMR (400 MHz, DMSO-d6) δ (ppm): 13.84 (s, 2H), 7.59-7.45 (m, 4H), 4.01 

(s, 4H), 2.43 (s, 6H), 1.66 (s, 4H), 1.18 (s, 16H); 13C NMR (100 MHz, DMSO-d6) δ (ppm): 

144.25, 122.39, 118.56,119.17 29.38, 10.81.  

The 31P NMR, signal of these POM-IL hybrids Fig. 4.4(a, b, c) shifted towards up field 

region with lowering of chemical shift values as compared to the pure phosphomolybdic 

acid, Fig 4.4d. This can be accounted for existence of dynamic hydration environment 

nearby heteropoly anions of the IL-POM hybrids [62].  
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Fig. 4.2: (a) 1H NMR of [DILPOM]-1, (b) 1H NMR of [DILPOM]-2, (c) 1H NMR of 

[DILPOM]-3 
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Fig. 4.3: (a) 13C NMR of [DILPOM]-1, (b) 13C NMR of [DILPOM]-2, (c) 13C NMR of 

[DILPOM]-3. 
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Fig. 4.4: (a) 31P NMR of [DILPOM]-1, (b) 31P NMR of [DILPOM]-2, (c) 31P NMR of 

[DILPOM]-3 (d) 31P NMR of H3PMo12O40·nH2O. 

4.2.3 Elemental analysis 

The CHN analysis data of the three synthesized hybrids are presented as follows: 

[DILPOM]-1, calculated: C 8.37%, H 1.14%, N 3.55%, found: C 8.23% H 1.24% N 

3.12%; [DILPOM]-2, calculated: C 9.05%, H 1.25%, N 3.52%, found: C 9.28% H 1.45% 

N 3.75%; [DILPOM]-3, calculated: C 10.19%, H 2.12%, N 3.18%, found: C 11.12% H 

2.98% N 3.19%. 

4.2.4 TGA  

Thermogravimetric analysis (TGA) showed absence of physisorbed water (Fig. 4.5), for  

the three hybrids [DILPOM]- 1/ 2/ 3 as compared to the physisorbed water present in 

H3PMo12O40·nH2O where n = 25, as well as their respective parent dicationic chloride 

ionic liquids namely [DIL-1]·16H2O /[DIL-2]·25H2O /[DIL-3]·21H2O. Among the three 

parent chloride DILs, shorter methylene bridged imidazolium IL i.e. DIL-1 displayed 

greater thermal stability by showing stepwise degradations at 100 °C and around 250 °C 

that can be expected for removal of the physisorbed water and –SO3H groups of the 

imidazolium units respectively. In contrast, the other two chloride ionic liquids with 4 and 

12 carbon numbers of methylene bridging chains expressed degradation with highest 

(d) 
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amount of physisorbed water ( aprox. 50%  and 40% weight loss) for DIL-2 and DIL-3 

ionic liquids respectively.  

The TGA plots of [DILPOM]-1 hybrids displayed their  thermal stability till 350 °C 

contrary to 300 °C for the  [DILPOM]-3 hybrid and [DILPOM]-2  without loss of any 

physisorbed water up to 100 °C. The absence of physisorbed water in the IL-POM hybrids 

indicates that the water molecules present in the scaffold of  pure 12-molybdophosphoric 

acid are now occupied by dicationic disulphonic methylene bridged imidazolium moiety. 

Thus extensive intra and intermolecular hydrogen bond interactions, electrostatic 

interactions resulted in hydrophobic nature of hybrids. These changes increases  shelf life 

of the hybrids due to less moisture sensitivity. Above  300 °C, the organic cation part starts 

degrading i.e. the thermal energy breaks secondary interactions like strong hydrogen bond 

interactions, ion-dipole interactions in these hybrids which are responsible for holding the 

large dicationic disulfonic methylene bridged imidazolium moiety and the 

polyoxometalate anion together.  

  

 

Fig. 4.5: TGA graphs of [DILPOM]-1, [DILPOM]-2, [DILPOM]-3, [DIL-1]·16H2O, 

[DIL-2] ·25H2O, [DIL-3]·21H2O and H3PMo12O40·25H2O. 

4.2.5 Powder X-Ray Diffraction analysis 

The powder XRD patterns of both the pure 12-molybdophosphoric acid along with 

[DILPOM]-1/2/3 hybrid samples are represented in Fig. 4.6 (a)/(b)/(c)/(d) respectively. 



 

Chapter-4 

4.14 
 

Typical high intensity sharp diffraction peak for H3PMo12O40·nH2O is observed at 2ϴ = 

26.79° [Fig. 4.6(a)]. In case of [DILPOM]-1, the intensity of all the peaks decreased 

although the characteristic high intensity peak for Keggin anion  shifted to 2ϴ = 26.12°. 

In [DILPOM]-1, broadening of the peaks was observed, this might have occured due to 

organization of the large organic cation over the spaces within polyoxoanion involving 

self assembly of the [PMo12O40]
3- anions and the organic cations via electrostatic force, 

hydrogen bond interactions etc. replacing the acidic protons along with physisorbed water. 

This type of arrangement in the hybrids bring changes in the crystal structure of the pure 

polyoxometalate and these changes can be seen with broadening of peaks which may be a 

result of loss of crystallinity and turning into amorphous material. Similar results were 

also observed in case of [DILPOM]-2 hybrid.  For the [DILPOM]-3, the sharp peaks 

totally vanished with increased broadening and this result suggests that the secondary 

structure of polyoxomolybdate has been completely modified by this large cation with 12 

carbon number methylene bridged imidazolium dication. Due to presence of the long alkyl 

chain in [DILPOM]-3, the hydrophobic alkyl groups of the organic cations repel the H2O 

molecules inside the POM which leads to compact arrangement in the POM. Thus, 

introduction of large cation with long alkyl chain deviates the plane spacing in the POM 

structure thus resulting in increased broadening. Also, the length of the alkyl bridge in 

dications modifies the electrostatic interaction, and hence the packing between the charged 

sub-units of these hybrids also modifies. The structural transformations of the hybrids with 

varied cation sizes are detected by powder X-ray diffraction.  It is noteworthy that the 

broadening of peak is a characteristic of amorphous materials and here it can be observed 

that as the methylene chain lengths in dication increases the sharp crystalline peak 

disappeared in [DILPOM]s. It can be said that increase in the number of carbons in the 

alkyl chains brings the structural transformation in the whole cation-anion pair [60]. 
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Fig. 4.6: Powder XRD analysis patterns of (a) H3PMo12O40·nH2O, (b) [DILPOM]-1, (c) 

[DILPOM]-2, (d) [DILPOM]-3.  

4.2.6 Raman analysis 

Raman spectra of the hybrids in Fig. 4.7 (a), (b), (c) showed resemblance of characteristic 

bands of the anions [PMo12O40]
3- observed from Bridgeman’s assignments [58,63]. 

Precisely, the [PMo12O40
3-] anion with α-Keggin structure is an assembly of a [PO4] 

tetrahedron and [MO6] octahedra units [58]. Four C3v [Mo3O13] groups are formed by edge 

sharing of [MoO6] octahedral units. 4 types of Mo-O bonds are present in the 12-

molybdophosphoric acid structure. The terminal Mo-Ot bond is the bond that connects the 

metal to the centre of the distorted Cs octahedra. 3 groups of [MoO6] and the only [PO4] 

unit are connected via the four-coordinate oxygen atoms termed as M–O4c bonds. The 

remaining two types of the two coordinate oxygen atoms are Mo–O2c1 and Mo–O2c2. Mo–

O2c1 corresponds to connecting the [MoO6] octahedra with the [Mo3O13] units while the 

Mo–O2c2 bonds links the [Mo3O13] units together. Sharp peaks at 990, 998, 1001 cm-1 for 

the [DILPOM]-1, [DILPOM]-2, [DILPOM]-3 respectively are observed due to  symmetric 

stretch Mo-Ot bonds. Peaks at 885 and 892 cm-1 for the [DILPOM]-2 and 3 respectively 

are designated for asymmetric stretch of Mo-O2c2-Mo bonds. Combined stretching and 
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bending vibrations of Mo-O2c1-Mo could be attributed to medium intensity broad shoulder 

at 648 cm-1  in case of the and [DILPOM]-1 and 605 cm-1 for the [DILPOM]-2 and 589 

cm-1 for [DILPOM]-3. Polarized Raman bands of the [DILPOM]-1 and [DILPOM]-2  at 

274 cm-1   and 241 cm-1 respectively can be attributed  to symmetric stretch of the Mo–O4c 

bonds [58,63]. Few bands are not allocated as they belong to modes that involve complex 

motions related to the polyoxometalate scaffold.  

 

Fig. 4.7: Raman spectra of (a) [DILPOM]-1,( (b) [DILPOM]-2, (c) [DILPOM]-3. 

4.2.7 UV-Vis diffuse reflectance spectroscopy analysis   

The UV–Vis diffuse reflectance spectra of the [DILPOM]-1/2/3 hybrids against 

H3PMo12O40·nH2O are represented in Fig. 4.8 (a), (b) and (c). It is well known that 12-

molybdophosphoric acid in their non reduced form shows characteristic bands for oxygen 

to metal charge transfer. In case of [DILPOM]-1/2/3, on irradiation with UV light, 

electrons are mainly excited from oxygen 2p orbitals to the phosphorus 3d orbitals of the 

[PMo12O40]
3-. These transitions are likely to be observed below 250 nm in these hybrids. 

A high intensity peak towards higher wavelength at 458 nm correspond to transition from  

oxygen to metal (O2- to Mo6+) within Keggin anion in 12-molybdophosphoric acid. The 

highly intensed peak of PMo12O40
3- in 12-molybdophosphoric acid at 458 nm is shifted 

below 400 nm  in [DILPOM]-1/2/3 hybrids. As in the Raman analysis description, it is 

already mentioned that three types of oxygen are present in 12-molybdophosphoric acid  

i.e., bridge, corner, and terminal oxygen in the scaffold. Therefore, there is possibility of 
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appearance of more than one absorption band below 400 nm in the hybrids that 

corresponds to transitions within the oxygen and metal of the anion as well as from oxygen 

of cation to metal of the Keggin anion. The shifting of  peak in the [DILPOM]-1/2/3 

compared to 12-molybdophosphoric acid presents a strong indication for intermolecular 

interaction of the dications with the [PMo12O40]
3-  anions [64].  

Fig. 4.8: UV–Vis DRS spectra of (a) H3PMo12O40·nH2O vs [DILPOM]-1, (b) 

H3PMo12O40·nH2O vs [DILPOM]-2 (c) H3PMo12O40·nH2O vs [DILPOM]-3. 

4.2.8 SEM analysis 

The surface morphology images of the 12-molybdophosphoric acid (observed at 100X 

magnification) and also the hybrid salts [DILPOM]-1/ 2/ 3 (observed above 1000X 

magnification) are represented in  Fig. 4.9 (a)/(b)/(c)/(d) respectively. It is observed  that 

incorporation of the imidazolium cation to the polyoxometalate anion in these hybrids 

leads to modification of surface morphology with agglomerated small particles observed 

in surface compared to the crystalline 12-molybdophosphoric acid. The absence of  

physisorbed water as observed from the TGA plots (Fig. 4.5) may be favorable for 

formation of intramolecular hydrogen bond interactions among  the molecules of IL-POM 

hybrids  via  sulfonic groups. These electrostatic interactions can be attributed for 

compactness in the [DILPOM]s structures. The reason behind this compactness may be a 
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result of van der Waals forces which come into play with  incorporation of methylene 

bridging spacers of different lengths between the imidazolium moities [65].  

 

Fig. 4.9: SEM images of (a) H3PMo12O40·nH2O, (b)  [DILPOM]-1, (c) [DILPOM]-2, (d) 

[DILPOM]-3. 

4.2.9 EDX analysis 

Energy Dispersive X-ray (EDX) spectra of the [DILPOM]-1, [DILPOM]-2, [DILPOM]-3 

in Fig. 4.10 (a), (b), (c) confirmed  presence of C, N, O, P, Mo and S as the constituent 

elements of the hybrid compounds. 
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Fig. 4.10: EDX patterns of (a) [DILPOM]-1, (b)  [DILPOM]-2, (c) [DILPOM]-3. 

4.2.10 Determination of acidic sites in the hybrids 

The existence of Brønsted-Lewis acidic sites in these POM-IL hybrids were identified via   

FT-IR spectra after complexation of the hybrids with pyridine as probe molecule as 

included in Fig. 4.11. In this Fig., it is seen that ring bending vibrations of pyridine can be 

found at 1590 cm-1 and 1440 cm-1. The co-ordination of pyridine probe molecule with the 

Lewis acidic sites of hybrids displayed another strong peak at 1484 cm 1.  Likewise, the 

hybrids also showed one new peak around 1538-1540 cm-1 that can be assigned as an 

outcome of interactions of the pyridine with the Brønsted acidic sites forming pyridinium 

ion [66]. It was noteworthy that the intensity of peak at 1540 cm-1 in [DILPOM]-3 is higher 

than the other two hybrids. This result indicates presence of a greater number of free -

SO3H Brønsted acidic sites in case of the [DILPOM]-3 due to decreasing number of 

intramolecular hydrogen bond interactions between the counterions in [DILPOM]-3 with 

increasing the length of methylene alkyl bridges. The FT-IR spectra interpretation of the 

IL-POMs provided in subsection 4.2.1 also justifies the outcomes found while determining 

their acidic sites. It was observed in subsection 4.2.1, that the intermolecular hydrogen 
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bond interactions in [DILPOM]-3 is stronger than [DILPOM]-1 and [DILPOM]-2. 

However, the intramolecular hydrogen bond interactions were stronger in [DILPOM]-1 

and [DILPOM]-2 compared to [DILPOM]-3. Thus, the acidity is reduced in [DILPOM]-

1/2 compared to acidity in [DILPOM]-3, because of the effects of intramolecular hydrogen 

bonding [67]. The acidic sites present in the hybrids was used for acid catalysed solvent-

free Michael-Like addition.  

 

       Fig. 4.11: FT-IR study for Brønsted- Lewis acidic sites of the POM-IL hybrids.  

Another experimental analysis, NH3-TPD was done for [DILPOM]-1/2/3 (Fig. 

4.12) to understand the distribution of acid strength. Above 300 ºC, there was stepwise 

degradation of -SO3H groups in [DILPOM]-1/2/3 as observed from the TGA analysis 

graph, Fig. 4.5. From the graphs given in Fig. 4.12, it can be observed that below 300 ºC, 

there were peaks present for acidic sites for all the three hybrids. With weaker 

intramolecular interactions between the ion pairs with increase in methylene chain lengths, 

the number of freely available -SO3H sites increased. 
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Fig. 4.12: NH3-TPD graphs of [DILPOM]-1,2,3. 

4.3 Catalytic activity study  

The catalytic activity of newly developed acidic di-cationic imidazolium polyoxometalate 

hybrids salts [DILPOM]-1/2/3 were evaluated as acid catalyst for two-step synthesis of 3-

substituted indoles through sequential Claisen-Schmidt condensation followed by 

Michael-like addition reaction (Scheme 4.2). For this purpose, initially 4-

chlorobenzaldehyde (1 mmol) is reacted with acetophenone (1 mmol) in presence of 10 

mol% of [DILPOM]-1/2/3 for synthesis of chalcones (1st step) followed by addition of 

indole (1mmol) (2nd step). Both the steps of the reaction were studied to optimize the 

reaction conditions for the synthesis of chalcones and 3-substituted indole derivatives.  
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Scheme 4.2: Model reaction for optimization of sequential Claisen-Schmidt condensation 

followed by Michael-Like addition. 

4.3.1 Screening of POM-IL hybrid catalysts for preparation of model Claisen-

Schmidt product (3a) in step-I  

Initially, the screening of catalytic activities of [DILPOM]-1/2/3 were investigated for the 

model reaction by taking 1 mmol of the substrates (Scheme 2) in solvent-free conditions 

at 80 °C using 5 and 10 mol % of the hybrid catalysts (Table 4.1, entries 1-6) for the 

preparation of chalcone derivative 3a. The results expressed higher catalytic activity for 

the [DILPOM]-3 hybrid with both the amounts (Table 4.1, entries 5 & 6) as compared to 

the other two hybrids (Table 4.1, entries 1-4) within 1 hour reaction time at 80 °C. 

Increasing amount of the catalyst produced excellent isolated yield of the product 3a 

(96%) in case of 10 mol% the [DILPOM]-3 hybrid (Table 4.1, entry 6).  The same 

reaction, under mechanochemical method showed very poor yield of product at room 

temperature (Table 4.1, entry 7). The reaction was also performed at a medium 

temperature of 60 ºC with 10 mol % [DILPOM]-3. The reaction yielded 85% of chalcone 

(3a) in 1h however, only 58% of 4a as major product in next 2 hours (Table 4.1, Entry 8). 

Since, the reaction is a solid-state reaction, so at temperatures of 80 ºC or above, all the 

substrate melts, which resulted in uniform mixing of substrates and catalyst that helps the 
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reaction to work well. The model reaction was then subjected to solvent study in two 

solvents i.e., acetonitrile and water at 80 °C using 10 mol% of the [DILPOM]-1 and 

[DILPOM]-3 (Table 4.1, entries- 9, 10, 11). Both the catalysts were insoluble in these 

solvents. It was observed that the reaction with [DILPOM]-3 showed considerable yield 

in acetonitrile (Table 4.1, entry 11) while the yield using water as solvent was 

comparatively better but took longer hours. Due to longer methylene bridging chain of the 

[DILPOM]-3 catalyst, it showed better hydrophobic interactions towards the hydrophobic 

substrate molecules in water than the less hydrophobic [DILPOM]-1 catalyst, resulting 

higher yield of the 3a (Table 4.1, entry 10) in water. However, the solvent free reaction 

condition provided us with highest yield of 3a in shorter reaction time. So, it was decided 

to conduct the reaction in neat condition at 80 °C for in situ generation of the chalcone 

derivative (3a) as single product for subsequent Michael-like addition reaction with indole 

without separation of the hybrid catalyst.  

Table 4.1: Optimization of reaction conditions for synthesis of 3-substituted indoles  

[a] Yield % = Calculated from isolated yield, Reaction conditions: 1mmol of each substrate. 

[b] Yield %= Calculated from isolated yield, Reaction conditions: 1mmol of indole added to the reaction pot after 

generation of 3a in the 1st step. 

Entry Catalyst mol

% 

Reaction 

Solvent 

Temp. 

(1st step) 

Time 

(1st step) 

[a]Yield

% (3a) 

Temp. 

(2nd step) 

Time 

(2nd step) 

 

[b]Yield% 

(4a) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

[DILPOM]-1 

[DILPOM]-1 

[DILPOM]-2 

[DILPOM]-2 

[DILPOM]-3 

[DILPOM]-3 

[DILPOM]-3 

[DILPOM]-3 

[DILPOM]-1 

[DILPOM]-3 

[DILPOM]-3 

[DILPOM]-3 

[DILPOM]-3 

H3PMo12O40·25H2O 

5 

10 

5 

10 

5 

10 

5 

10 

10 

10 

10 

10 

10 

10 

 

Solvent-free 

Solvent-free 

Solvent-free 

Solvent-free 

Solvent-free 

Solvent-free 

Solvent-free 

Solvent-free 

Water 

Water 

Acetonitrile 

Solvent-free 

Water 

Solvent-free 

 

80°C 

80°C 

80°C 

80°C 

80°C 

80°C 

r.t 

60°C 

80°C 

80°C 

80°C 

80°C 

Reflux 

80°C 

 

 

 

1h 

1h 

1h 

1h 

1h 

1h 

1h 

1h 

5h 

5h 

5h 

1h 

5h 

1h 

 

80 

86 

80 

80 

90 

96 

>5 

85 

72 

80 

68 

96 

80 

52 

 

- 

- 

- 

- 

- 

80°C 

- 

60°C 

- 

- 

- 

100°C 

Reflux 

- 

 

 

 

- 

- 

- 

- 

- 

2h 

- 

2h 

- 

- 

- 

2h 

8h 

- 

 

- 

- 

- 

- 

- 

80 

- 

58 

- 

- 

- 

75 

45 

- 
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 At the same time, it is worth mentioning that the used catalyst [DILPOM]-3 can be 

utilized as easily recoverable heterogeneous catalyst because of its insoluble nature in any 

solvent additional to its good thermal stability after separation of the product 3a for 

analytical purpose.  

4.3.2 Optimization of reaction conditions for preparation of model Michael-like 

adduct (4a) in step 2 

For optimization of the sequential Michael-like formation of adduct (4a) through (Scheme 

2) reaction of the crude chalcone (3a) obtained in step 1 containing 10 mol% of the initially 

added [DILPOM]-3 catalyst was treated with 1 mmol of indole in neat conditions at two 

different temperatures i.e.  80 °C and 100 °C (Table 4.1, entries 6, 12). It was seen that 

above 80 °C, the selectivity of product formation was reduced. Step-II of reaction was also 

studied in water as reaction medium under reflux temperature after step-I was also 

performed at same reflux conditions. The result showed lower yield of product 4a (45%) 

for 8 hours reaction in step-II however with selectively one desired product (Table 4.1, 

entry 13).   

A reaction with 10 mol% of H3PMo12O40·25H2O was performed (Table 4.1, entry 

14) and it was observed that in 1 hour, only 52% of chalcone was produced under solvent-

free condition at 80 ºC whereas, the other three IL-POM hybrids showed 80-96% yields 

of the chalcone (3a) in 1st step of reaction (Table 4.1, entries 2,4,6) using the same amount 

of catalyst. Therefore, the continuation of 2nd step was not done. From this observation, it 

can be said that the existence of sulfonic acid groups in the dicationic IL-POM increase 

their overall acidic sites as compared to the H3PMo12O40·25H2O. Therefore, the 

continuation of 2nd step was not done. From this observation, it can be said that the 

existence of sulfonic acid groups in the dicationic IL-POM increase their overall acidic 

sites as compared to the H3PMo12O40·25H2O. However, the reaction with dicationic ionic 

liquid [DIL-3] was not conducted because when the reaction was tried to be carried out at 

80 ºC, the reaction emits excessive fumes under solvent free condition. This could possibly 

because of bound water present in [DIL-3] which produces excess fumes due to HCl gas 

generation after reaction with labile chloride of the ionic liquid at 80 ºC.  

This is the reason behind incorporation of sulphonic acid based dicationic ionic 

liquids into 12-phosphomolybdic acid and generation of IL-POM hybrids, which could be 

operated at high reaction temperature without emission of any toxic fumes. To avoid 

hazardous emission of fumes from liquid acids like mineral acids, volatile acidic ionic 
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liquids, solidification was done by charge balancing the H+ of 12-molybdophosphoric acid 

with methylene bridged -SO3H functionalized imidazolium dication. By doing so, it was 

aimed to incorporate acidic sites in counter cation which was aimed to minimize byproduct 

formation. The introduction of various lengths of methylene bridged connecting spacer 

resulted in tuning the acidity of the -SO3H acidic sites thus lowering the generation of 

byproduct. BET study for surface property was done for the active catalyst [DILPOM]-3 

as it showed highest percentage yield of (4a) in lowest time. It was observed that 

[DILPOM]-3 has a surface area of 8.264 m2/g which is very low. However, the reactivity 

of [DILPOM]-3 is attractive and better than pure 12-molybdophosphoric acid. The activity 

in the hybrids might be a result of modification in the chemical and morphological 

properties of [PMo12O40]3
- by incorporation of -SO3H functionalized methylene chain 

connecting imidazolium dication. From the FT-IR spectra of the three hybrids (Fig. 4.1), 

it was confirmed that intramolecular hydrogen bond interactions capacity of -OH peak in 

-SO3H group of [DILPOM]-3 decreased which resulted in more numbers of free -SO3H 

acidic groups and thus the same can be stated as a reason for comparatively higher yields 

of 3a followed by 4a using [DILPOM]-3.  

4.3.3 Substrate scope study for sequential Claisen-Schmidt condensation and 

Michael-like reactions  

Substrate scope study for the sequential Claisen-Schmidt condensation and Michael-like 

reaction was investigated by extending the standard condition of model reaction (Scheme 

4.2) with substituted aromatic aldehydes as well as acetophenone derivatives in neat 

conditions at 80 °C using 10 mol% of the efficient catalyst [DILPOM]-3. In all cases the 

formation of chalcones in the 1st step were confirmed by comparison with the authentic 

samples of chalcones and characterization of intermediates chalcones via spectroscopic 

techniques. Then addition of the indole to the crude mixture of chalcones produced 80-

85% yields of the products within 2-3 hours reaction period (Fig. 4.13). 
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[a] Yield % = Calculated from isolated yield and Time taken in step-II 

Fig. 4.13: Substrate scope study of 3-substituted indoles 

A comparison table (Table 4.2) is provided for comparison of the active catalyst 

[DILPOM]-3, to some of the reported catalyst in the recent years. Not many reports on 

two- step, 1-pot synthesis of 3 substituted indole using acetophenone and p-

chlorobenzaldehyde as initial substrate were found except the one done by our group using 

-SO3H functionalized ionic liquid catalyst [27]. Synthesis of 3 substituted indole was 

obtained without isolation of intermediate chalcone that was reacted with indole. All the 

examples of the reported catalyst given in the table were used for synthesis of (4a) in 
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which chalcone and indole were the initial substrates. It can be observed that using all the 

other catalysts, the percentage yield is more compared to the one found in this report. 

However, the solvent free condition with 3h of reaction time giving 80% of 4a including 

in-situ generation of chalcone via Claisen-Schmidt condensation followed by Michael-

Like addition is a fair one since it is a one-pot two step synthesis protocol for 3-substituted 

indole.  

Table 4.2: Comparison table of the catalyst [DILPOM]-3 with various reported catalysts 

for synthesis of 4a using chalcone and indole. 

Entry                                       Catalyst/Temperature/solvent/time/Yield%                                                  Reference 

1.                             Arene Diazonium Tetrafluoroborate Salts/60 ºC/MeOH/24 h/86%                                68 

2.                     Fe(OTs)3⋅6H2O/100 ºC/Eucalyptol/45 min/90%                                                                69 

3.                              Al2O3/ 68 ºC/Hexane/6 h/91%                                                                                            70  

4.                              KHSO4/r.t./C2H5OH/6.5h/85%                                                                                          71 

5.                              Polyvinylsulfonic acid/reflux/ C2H5OH/6h/92%                                                              21 

6.                              [DILPOM]-3/80 ºC/solvent-free/3h/80%                                                                        a Current work 

  
aReaction time indicates synthesis of 4a including Claisen-Schmidt reaction (in-situ generation of chalcone) followed by Michael-like 

addition. 

4.4 Recyclability study of the catalyst  

The recyclability experiment of [DILPOM]-3 catalyst was done by taking equal number 

of substrate (1 mmol) of the model reaction (Scheme 4.2) to conduct Claisen-Schmidt 

condensation to prepare the chalcone derivative for Michael-Like addition with 1 mmol 

of indole under the optimized conditions in solvent-free method. The used catalyst being 

insoluble in all organic solvents can be separated easily from the solution of reaction 

mixture in ethyl acetate by simple centrifugation. The catalyst was recycled for four 

catalytic cycle with 1 hour in step-I and 2 hours in step-II and the % yields of 4a at the end 

of step-II was calculated and provided in (Fig. 4.14). The FT-IR spectrum of the spent 

catalyst after the 4th cycle showed high intensity peak at 3458 cm-1 compared to fresh 

catalyst that infers incorporation of H2O molecules inside the organic-inorganic hybrid 

(Fig. 4.15).  

From the 31P NMR of fresh catalyst [DILPOM]-3, one high intensity peak was observed 

at -4.11 ppm for [PMo12O40]
3- anion along with one small peak at -0.35 ppm. Whereas in 

the spent catalyst after 4th catalytic cycle, the up-field peak shifted its position from -4.11 

to -3.53 ppm (Fig. 4.16). This deshielding is a result of presence of hydration sphere in 

and around the hybrid after subsequent catalytic cycles. Along with that two more peaks 

were observed in the spectrum at -2.01 ppm for [P2Mo18O62]
6- and -0.77 ppm for 
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[PMo11O39]
7- [72].  With subsequent use of [DILPOM]-3 over time, some of the 

[PMo12O40]
3- unit with Keggin structure changed considerably to Wells-Dawson anion 

structure [P2Mo18O62]
6- [72]. The peak at -0.45 ppm in H3PMo12O40 is tentatively an 

impurity that has been detected for presence of [PMo11O39]
7- when synthesis of 

H3PMo12O40 was done under strongly acidic condition [73]. And the same impurity peak 

existed in spent [DILPOM]-3 and shifted to -0.77 ppm in the spent catalyst. With 

subsequent use of [DILPOM]-3 over time, decomposition of [PMo12O40]
3- unit with 

Keggin structure considerably to [P2Mo18O62]
6- and [PMo11O39]

7- occurred. 

Discussing about the NH3-TPD results of the spent catalyst (Fig. 4.17), they showed the 

existence of acidic sites similar to NH3-TPD graph of the unused [DILPOM]-3 presented 

under section 4.2.10 Determination of acidic sites of hybrids, even after consecutive 

cycles of recyclability reactions. Therefore, no deactivation of catalytic active sites has 

been noted for the spent catalyst, however a new peak at 325 ºC was observed which might 

be because of the acidic sites after conversion of spent [DILPOM]-3 into other forms as 

observed from 31P NMR of spent catalyst. The decrease in yield over the cycles might be 

a result of other factors like surface contamination, decrease in substrate-catalyst 

interaction due to association of physisorbed water thus increasing hydrophilicity in the 

catalyst. 

 

Fig. 4.14: Bar diagram for recyclability of catalyst. 
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Fig. 4.15: FT-IR spectrum of recycled [DILPOM]-3 after 4th catalytic cycle. 

 

Fig. 4.16: 31P NMR of the spent [DILPOM]-3 after 4th catalytic cycle. 
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Fig. 4.17: NH3-TPD of the spent [DILPOM]-3 catalyst after 4th catalytic cycle. 

4.5 Plausible reaction mechanism 

The plausible mechanism of sequential two step reactions of the Claisen-Schmidt 

condensation can be described in Scheme 4.3 through conversion of acetophenone to its 

enol form by interactions with the Brønsted -Lewis acidic sites of the IL-POM catalysts 

and then synergic effects of the same acidic sites of catalyst for activation of nucleophilic 

attack to carbonyl group of aromatic aldehydes with the enol form of acetophenone 

molecule. This is followed by the acidic site-initiated dehydration of β–hydroxy keto 

compounds to chalcone derivatives. The next step Michael-like addition of indole can be 

assumed from activation of the carbonyl group of chalcones involving hydrogen bond 

interactions with the -SO3H group of catalyst as well as also interconnection of N-H proton 

of the indole with the PMo12O40
3- anion (Scheme 4.3) that lead to formation of Michael 

adduct.   
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Scheme 4.3: Plausible mechanism of sequential one-pot synthesis of Michael-adduct via 

Claisen-Schmidt Condensation. 

4.6 Conclusions 

In this work, three organic-inorganic hybrid materials of POM-ILs were synthesized with 

variable lengths of the methylene bridged imidazolium dications and [PMo12O40]
3- anion. 

The composition of hybrid material was confirmed from its 1H, 13C NMR spectra as well 

as CHN analysis. The catalytic activity of these acidic heterogenous hybrids were explored 

in the sequential Claisen-Schmidt condensation followed by Michael-Like addition of 

indole with chalcone to prepare 3-substituted indoles as single product in one pot method 
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without isolation of the intermediate chalcones using 10 mol % of the catalyst at 80 ºC 

within 3-4 hours for different substrates in neat conditions. The catalyst was recycled for 

three runs and decrease of catalytic activity was observed over the cycles. No oxidative 

products were isolated during reaction which clearly displayed preferential role of 

Brønsted acidity of the hybrid for the acid catalysed reaction. The acidic nature of the 

POM-IL hybrid can be explored to conduct variety of Brønsted acid catalysed organic 

reactions including multicomponent synthesis of heterocycles, protection-deprotection 

chemistry, functional group conversion etc. Similarly, there is a scope to examine the 

redox properties of this catalyst for oxidation of alcohol, alkene etc. in presence of 

environmentally benign oxidant.  

The cationic composition in the organic part of the hybrid and the interactions of -SO3H 

functional groups present with the anionic PMo12O40
3- results in the overall acidity, 

solubility in solvent. Since the cationic part comprises of the -SO3H group, so the cationic 

part is responsible for the general acidity in the hybrid. The hybrid with the longer alkyl 

bridged spacer [DILPOM]-3 showed the highest catalytic activity which is the result of 

acidity evidenced by FT-IR studies using pyridine as probe molecule and NH3-TPD 

graphs. These results infer that due to presence of longer carbon chain in [DILPOM]-3, 

steric hindrance increases which weakens the interactions between the counterions, 

resulting in a greater number of free -SO3H groups which in turn resulted in highest yield 

of 4a. The high thermal stability of [DILPOM]-3 gives the prospect for carrying out other 

acid catalysed organic reactions in near future. However, the structural decomposition of 

catalyst over a few catalytic cycles, serves as a disadvantage for these catalysts. 

4.7 Experimental section 

4.7.1 Procedure for synthesis of [DILPOM]-1, [DILPOM]-2, [DILPOM]-3 where 

POM is Keggin [PMo12O40]3- anion 

At the beginning, an equimolar mixture of 2-methylimidazole (2 mmol) and 2 mmol of 

NaH was stirred in dry THF (95%) (10 mL) as solvent at room temperature for 30 minutes 

(Scheme 4.1).  The solvent was then evaporated under reduced pressure and the residue 

obtained was washed with diethyl ether for two to three times and thus purest form of 

sodium salt of 2- methylimidazole (A) was obtained after drying in vacuum oven. 

Afterwards, three separate batches of pure sodium salt of 2-methylimidazole were 

prepared. Three separate batch of obtained sodium salt of 2-methylimidazole was treated 
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with (1 mmol) of dibromopropane / dibromobutane /dibromododecane respectively to 

observe the effect of long vs short chain length of methylene bridging group using THF 

(20 mL) as solvent. The mixture was refluxed for 10 hours and then filtered. The filtrate 

was washed with diethyl ether for three times and then evaporated under reduced pressure 

to get the respective intermediates B/ C/ D as brown solid. In the next step, ClSO3H (2 

equivalent) was added dropwise to 1 equivalent of intermediate B/C/D respectively in dry 

DCM (20 mL) used as reaction solvent. The reaction mixture was stirred for 8 hours in 

room temperature. After 8 hours, a separate layer of the respective ionic liquids generated, 

insoluble in DCM layer was observed and unreacted chlorosulphonic acid with alkyl-

bridged diimidazole remains soluble in the DCM layer. The solvent was removed under 

vacuum and the reaction mixture was washed three times (3 × 5 mL) with dry DCM to 

remove the DCM soluble impurities. Thus, the parent dicationic chloride ionic liquids 

(DIL-1/DIL-2/DIL-3) i.e., E/F/G respectively were obtained. The last step is the 

metathesis step in which an aqueous solution (10 mL) of 1 equivalent of 

H3PMo12O40·nH2O is added to 1.5 equivalent of E/F/G or [DIL-1]·nH2O /[DIL-2]·nH2O 

/[DIL-3]·nH2O at room temperature. Immediate precipitation is observed in each case. 

The reactions were allowed to stir for next 12 hours at room temperature.  After that, the 

water insoluble crude products were centrifuged, washed, and dried in vacuum oven to get 

the solid material [DILPOM]-1/2/3 in their purest form. The samples were analysed by 

FT-IR, 1H NMR, 13C NMR and various other analytical techniques.  

4.7.2 Typical procedure for synthesis of 3-substituted indoles 

A mixture of 4-Cl benzaldehyde (1 mmol) and acetophenone (1 mmol) was reacted in a 

50 mL two necked round bottom flask in solvent-free condition at 80 ºC in presence of 10 

mol% of [DILPOM]-3 for selective formation of intermediate chalcones in 1h, as 

confirmed from Thin Layer Chromatography (TLC) technique through comparison with 

the authentic chalcone. The crude chalcone mixture obtained in the 1st step was followed 

by addition of 1 mmol of indole to undergo Michael-like addition reaction to get the 

required product i.e., 3-substituted indole within next 2h. After completion of the reaction 

as monitored from TLC, the reaction mixture was diluted with EtOAc (5 mL) to dissolve 

the organic product only. The isolation of catalyst was done by centrifugation, as the 

catalyst remains insoluble in EtOAc. The catalyst was recovered by simple decantation of 

the EtOAc solution and washed the used catalyst with additional EtOAc (2 × 3 mL) water 

as well as DCM in turns to remove impurities and then dried in vacuum oven before using 
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it for next runs. The EtOAc extract of product mixture was washed with water (10 mL) 

and dried over anhydrous sodium sulfate to remove any traces of water. The evaporation 

of EtOAc extract under reduced pressure gave the crude product mixture which was 

further purified by column chromatography to get analytically pure product with 80% 

yield. 

4.8 Spectral Data 

Table 4.3: Spectral data of IL-POM hybrids, selected chalcones, Michael adducts 

Spectral data of [DILPOM]-1, [DILPOM]-2 and [DILPOM]-3 

 

Products Spectral data 

 

Yellow colored solid; melting point 

>300 °C 

1H NMR (400 MHz, DMSO-d6) δ 

(ppm): 13.91(s, 2H), 7.58-7.48 (m, 

4H), 4.13 (t, J = 8Hz, 4H), 2.56 (s, 

6H), 2.46 (s, 2H). 

13C NMR (100 MHz, DMSO-d6) δ 

(ppm): 144.8, 122.1, 118.7, 44.5, 

29.3, 10.8. 

31P NMR (202 MHz DMSO-d6) 𝛿 

(ppm): - 4.12. 

[DILPOM]-1, calculated: C 8.37%, 

H 1.14%, N 3.55%, found: C 8.23% 

H 1.24% N 3.12%. 
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Yellow colored solid; melting point 

> 300 °C 

1H NMR (400 MHz, DMSO-d6) δ 

(ppm): 13.85 (s, 2H), 7.61-7.45 (m, 

4H), 4.10 (s, 4H), 2.46 (s, 6H), 1.75 

(s, 4H).   

13C NMR (100 MHz, DMSO-d6) δ 

(ppm): 119.2, 100.0, 11.7. 

31P NMR (202 MHz, DMSO-d6) δ 

(ppm): -4.11. 

[DILPOM]-2, calculated: C 9.05%, 

H 1.25%, N 3.52%, found: C 9.28% 

H 1.45% N 3.75%. 

 

Yellow colored solid; melting point 

> 300 °C 

1H NMR (400 MHz, DMSO-d6) δ 

(ppm):  13.84 (s, 2H), 7.59-7.45 (m, 

4H), 4.01 (s, 4H), 2.43 (s, 6H), 1.66 

(s, 4H), 1.18 (s, 16H).  

13C NMR (100 MHz, DMSO-d6) δ 

(ppm): 144.3, 122.4, 118.6, 119.2, 

29.4, 10.8. 

31P NMR (202 MHz DMSO-d6) δ 

(ppm): -4.11. 

[DILPOM]-3, calculated: C 10.19%, 

H 2.12%, N 3.18%, found: C 11.12% 

H 2.98% N 3.19%. 

Spectral data of selected chalcones   

 

3a 

Yellow colored solid; M.p. 113 °C  

1H NMR (400 MHz, CDCl3) δ 

(ppm): 8.00 (d, J = 8Hz, 2H); 7.74 

(d, J = 16Hz, 1H), 7.58-7.47(m, 6H), 

7.38 (d, J = 8Hz, 2H). 
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 13C NMR (100 MHz, CDCl3) δ 

(ppm): 190.3, 143.4, 138.1, 133.4, 

133.0, 129.7, 129.3, 128.8, 128.6, 

122.5. 

 

Yellow colored solid; M.p. 90 °C  

1H NMR (400 MHz, CDCl3) δ 

(ppm):  8.01(d, J = 8Hz, 2H), 7.79 

(d, J = 16 Hz, 1H), 7.57-7.46 (m, 

5H), 7.22 (d, J = 8Hz, 3H), 2.39 (s, 

3H). 

13C NMR (100 MHz, CDCl3) δ 

(ppm): 190.8, 145.0, 141.2, 138.3, 

131.9, 128.8, 21.7. 

 

Yellow colored solid; M.p. 153 °C 

1H NMR (400 MHz, CDCl3) δ 

(ppm):  8.07-8.04 (m, 3H), 7.98 (d, J 

= 16Hz, 1H), 7.88-7.81(m, 4H), 7.65 

(d, J = 16 Hz, 1H), 7.59 (d, J = 8Hz, 

1H), 7.54-7.51(m, 4H). 

13C NMR (100 MHz, CDCl3) δ 

(ppm): 190.6, 145.1, 138.4, 134.5, 

132.9, 130.83, 129.2, 128.8, 

128.6,127.9, 127.5, 126.9, 123.7, 

122.3. 

Spectral data of Michael adduct (4a-4g) 

       

                   4a 

 

Light pink colored solid; M.p. 129 

°C  

1H NMR (400 MHz, CDCl3) δ 

(ppm):  8.02 (s, 1H), 7.94 (d, J = 

8Hz, 2H), 7.57 (t, J =  8Hz, 1H), 

7.47-7.40 (m, 3H); 7.35 (d, J = 8Hz, 

1H), 7.30 (d, J = 8Hz, 2H), 7.21 (d, 

J = 8Hz, 2H), 7.18 ( t, J = 8Hz, 1H), 
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7.06-7.04 (m, 2H), 5.08-5.04 (m, 

1H), 3.85-3.79 (dd, J = 16Hz , 8Hz, 

1H), 3.74-3.68 ( dd, J = 16Hz, 8Hz, 

1H). 

13C NMR (100 MHz, CDCl3) δ 

(ppm): 198.5, 142.7, 136.8, 131.9, 

131.8, 130.2, 128.5, 128.2, 127.0, 

126.5, 123.7, 122.2, 12.0.0, 119.2, 

119.0, 111.2, 39.7, 21.2. 

CHN analysis: Calculated for   4a, 

C23H18NOCl:  C 76.77, H 5.04, N 

3.89; Found: C 76.1, H 5.31, N 3.60. 

       

                   4b 

 

 

Dark pink colored solid; M.p. 133 °C  

1H NMR (400 MHz, CDCl3) δ 

(ppm):  7.96 (s, 1H), 7.90 (d, J = 

8Hz, 2H), 7.49 (t, J = 8Hz, 1H), 

7.44-7.36 (m, 3H), 7.20 (t, J = 8Hz, 

3H), 7.10 (t, J = 8Hz, 1H), 7.04-6.96 

(m, 3H), 6.86 (s, 1H), 5.03-4.99(m, 

1H), 3.79-3.74 (dd, J =  16Hz, 8Hz, 

1H), 3.70-3.64 (dd, J = 16Hz, 8Hz, 

1H), 2.24 (s, 3H). 

13C NMR (100 MHz, CDCl3) δ 

(ppm): 199.3, 141.3, 137.2, 136.8, 

135.9, 135.6, 128.7, 128.3, 127.2, 

126.7, 123.8, 121.9, 120.0, 119.8, 

119.2, 111.3, 60.7, 39.9, 21.2. 

CHN analysis: Calculated for   4b, 

C24H21NO: C 84.92, H 6.24, N 4.13; 

Found: C 84.53, H 6.33, N 4.08. 
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4c 

 

Dark pink colored solid; M.p. 132 °C 

1H NMR (400 MHz, CDCl3) δ 

(ppm):  7.89 (s, 1H), 7.38 (d, J = 

8Hz, 2H), 7.33 (d, J = 8Hz, 2H), 

7.25-7.23 (m, 2H), 7.16 (t, J = 8Hz, 

2H), 6.99 (t, J = 8Hz, 2H), 6.81(d, J 

= 8 Hz, 2H), 6.62 (s, 2H), 5.83 

(s,1H), 4.15-4.09 (m, 2H), 3.77 (s, 

3H). 

13C NMR (100 MHz, CDCl3) δ 

(ppm): 171.6, 158.2, 137.1, 136.4, 

135.2, 129.9, 126.5, 123.6, 121.7, 

120.2, 119.1, 113.4, 111.2, 110.8, 

54.9, 39.5. 

CHN analysis: Calculated for   4c, 

C24H21NO2: C 81.10, H 5.96, N 3.94; 

Found: C 81.26, H 5.75, N 3.60. 

        

4d 

   

 

Light yellow colored solid; M.p. 166 

°C 

1H NMR (400 MHz, CDCl3) δ 

(ppm):  8.10 (s, 1H), 7.96 (d, J = 

8Hz, 2H), 7.55 (t, J = 8Hz, 1H), 

7.37-7.45 (m, 5H), 7.30(d, J = 8Hz, 

1H), 7.12-7.16 (m, 2H); 6.97-7.08 

(m, 3H), 5.45-5.49 (m, 1H), 3.82-

3.76 (dd, J = 16Hz, 8Hz, 1H), 3.65-

3.59 (dd, J = 16Hz, 8Hz, 1H) 

13C NMR (100 MHz, CDCl3) δ 

(ppm): 197.9, 140.4, 136.8, 136.7, 

134.3, 133.3, 132.6, 130.0, 129.6, 

128.8, 128.2, 127.3, 126.6, 126.5, 

117.3, 111.3, 60.5, 44.0, 34.6. 
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CHN analysis: Calculated for   4d, 

C23H18N2O3: C 74.58, H 4.90, N 7.56 

Found: C 74.42, H 4.77, N 7.39 

 

4e 

 

 

Light yellow solid, M.p. 126 ℃; 

1H NMR (400 MHz, CDCl3) δ 

(ppm):  8.06 (s, 1H), 7.84 (d, J = 

8Hz, 2H), 7.39(d, J = 8Hz, 3H), 

7.14-7.31(m, 6H), 7.03 (t, 1H, J = 

8Hz), 6.93-6.94 (m, 1H), 5.00-5.04 

(m, 1H), 3.79-3.73(dd, J = 16Hz, 

8Hz, 1H), 3.68-3.62 (dd, J = 16Hz, 

8Hz, 1H). 

13C NMR (100 MHz, CDCl3) δ 

(ppm): 197.4, 142.7, 139.8, 136.7, 

135.4, 132.1, 129.6, 129.3, 129.0, 

128.7, 126.4, 122.5, 121.5, 119.7, 

118.7, 111.4, 100.0, 44.9, 37.7. 

CHN analysis: Calculated for   4e, 

C23H18NOCl2: C 70.06, H 4.35, N 

3.55; Found: C 70.1, H 4.22, N 3.60. 

 

                

4f 

 

Light orange solid, M.p. 167 ℃;  

1H NMR (400 MHz, CDCl3) δ 

(ppm):  8.01 (s, 1H), 7.96 (d, J = 

8.0Hz, 2H), 7.55 (t, J = 8.0 Hz, 1H), 

7.46-7.37 (m, 4H) 7.13(t, J = 8.0 Hz, 

1H), 7.09-7.07(m, 2H), 7.06 (s, 1H), 

7.02 (t, J = 8.0 Hz, 2H), 5.48-5.45 

(m, 1H), 3.82-3.76 (dd, J = 16Hz, 

8Hz,1H), 3.65-3.59 (dd, J = 16Hz, 

8Hz, 1H).  

13C NMR (100 MHz, CDCl3) δ 

(ppm): 196.5, 151.9, 146.4, 140.0, 

136.7, 135.1, 130.1, 129.5, 129.1, 
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128.8, 126.2, 123.9, 121.5, 117.9, 

44.5. 

CHN analysis: Calculated for   4f, 

C23H17N2O3Cl:  C 68.24, H 4.23, N 

6.92; Found: C 68.10, H 4.11, N 

6.88. 

 

                   4g 

 

Pink colored solid; M.p. 156.2 °C;  

1H NMR (400 MHz, CDCl3) δ 

(ppm):  8.0 (s, 1H), 7.94 (d, J = 8 Hz, 

1H), 7.79 (s, 1H), 7.76-7.71 (m, 2H), 

7.54- 7.38 (m, 7H), 7.32-7.30 (m, 

1H), 7.13 (t, J = 8.0 Hz, 1H), 7.01-

6.96 (m, 2H) 5.24 (t, J = 8.0 Hz, 1H), 

3.93-3.87 (dd, J = 16Hz, 8Hz, 1H), 

3.85-3.79 (dd, J = 16Hz, 8Hz, 1H).  

13C NMR (100 MHz, CDCl3) δ 

(ppm): 198.59, 170.00, 141.79, 

137.21,136.73,133.60,132.38,128.2

0,126.74, 126.03, 121.70, 121.60, 

119.28, 45.14. 

CHN analysis: Calculated for   4g, 

C27H21NO: C 86.37, H 5.64, N 3.73; 

Found: C 86.21, H 5.31, N 3.54.   
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4.9 NMR spectra of selected chalcones and Michael adducts 
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