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Materials: All the chemicals and reagents used in this work have been purchased from Sigma
Aldrich without out further purification. The solvents were purchased from Himedia Pvt. Ltd.

and distilled before use. Deionised water was used wherever required.

ESI-1. Method for the preparation of nano-catalysts:
(i) Method for the preparation of t-ZrO, nanoparticles:?*

t-ZrO, nanoparticles (NPs) have been synthesized by dissociation of ZrO,Cl,.8H,0 in a basic
medium (pH~10) at low temperature without adding any stabilizer. For synthesizing t-ZrO, NPs,
100 ml 0.05M NaOH solution in deionized water was added in 100 ml 0.005M solution of
Zr0,Cl,.8H,0 in methanol-water (1:1) drop by drop over 30 minutes at constant temperature (5
°C) with continuous stirring. Subsequently, the mixture was stirred for 1 hour and then the sol
solution was aged at 100 °C for 24 hours with continuous stirring. The white solids formed were
separated by centrifugation and washed with dilute solution of NH;NO; for subsequent times
until negative test for chloride ion followed by washed with de-ionized water (4x20 ml) and
ethanol (2x10 ml). The nanoparticles were dried well and then calcined at 500 °C for 4 hours.

The formation of nano-sized t-ZrO, particles was confirmed by powder XRD, HRTEM studies.
(ii) Method for the preparation of monoclinic ZrO, nanoparticles:?!

Monoclinic ZrO, nanoparticles were prepared following the above mentioned protocol and

calcined the solid sample at 900 °C for 4 hrs.
(iii) Method for the preparation of Fe;0, nanoparticles:?

The magnetic Fe;0, nanoparticles were synthesized by co-precipitation method. Briefly, co-
precipitating aqueous solutions of (NH,),Fe,(SO4); and FeCl; mixtures, in alkaline medium.
(NH4),Fe,(S0,4)3 and FeCl; solutions are mixed in their respective stoichiometry (i.e. Ratio Fe :

Fe =1:2).The mixture is kept at 80 °C. This mixture is added to the boiling solution of NaOH (0.5



mol. is dissolved in 200 ml of distilled water) within 10 second under constant stirring. The
solution was maintained at 90-95 °C for 1.5 h. The Fe;0, nanoparticles were washed several

times by distilled water and used for reaction.
(iv) Method for the preparation of SiO, nanoparticles:3

A mixture of 20 ml of ethanol and 20 ml water was stirred for few minutes then 4 ml of
tetraethyl orthosilicate (TEOS) followed by 4 ml of aqueous ammonia solution (NH,OH) were
added with continuous stirring by the mechanical stirrer machine for 5 hours. After that the
mixture was kept to settle down and washed thoroughly with water and ethanol, centrifuged

and white colloidal part was used for reactions.
(v) Method for the Preparation of CuO nanoparticles:*

To prepare CuO NPs NaOH (0.5M) solution added drop by drop to a 0.1 M copper nitrate
solution (100 ml) in a 500 ml beaker till the pH of the solution reaches to 12 (checked by pH
paper). The blue green gel was formed. It was then filtered and washed several time with
distilled water to free nitrate. It was then dried in a hot oven at 100 °C for 10 hours to

decompose Cu(OH), to CuO NPs.
(vi) Method for the Preparation of NiO nanoparticles:®

To prepare NiO NPs NaOH (0.5M) solution added drop by drop to a 0.1 M nickel nitrate solution
(200 ml) in a 500 ml beaker till the pH of the solution reaches to 12 (checked by pH paper). The
greenish gel was formed. It was then filtered and washed several time with distilled water to
free nitrate. It was then dried in a hot oven at 100 °C for 10 hours to decompose Ni(OH), to NiO

NPs.
(vii) Method for the Preparation of ZnO nanoparticles:®

ZnO NPs have been synthesized by dissociation of Zn(OAc),.2H,0 in a basic medium at
temperatures 60-75°C. For synthesizing nanoparticles ZnO NPs, 100 ml 3M NaOH solution in
ethanol is slowly added in 50 ml 1M solution of Zn(CH3C0OO0),:2H,0 in ethanol kept at 65 °C. The

final solution was stirred and heated at 65 °C for 1 h. When the reactions were completed, the

3



solid and solution phases were separated by centrifugation and the solids were washed free of

salts with de-ionized water (3x5 ml) and ethanol (2x5 ml).

ESI-2. Experimental procedure for the synthesis of ethyl 5-cyano-2-methyl-4-phenyl-6-

(phenylamino)nicotinate (1a):

A mixture of the benzaldehyde (1 mmol, 106 mg), malononitrile (1 mmol, 66 mg), ethylaceto
acetate (1 mmol, 130 mg), aniline (1 mmol, 93mg) and t-ZrO, catalyst (10 mmol%, 12 mg) was
refluxed in 5 mL ethanol-water (1:1) mixture for 2 hours indicated by TLC. After the completion
of the reaction, catalyst was separated by simple filtration and the solid product was extracted
with ethyl acetate. After evaporation of solvent off-white crystals were obtained which was
further purified by recrystallization form hot ethanol to produce pure ethyl 5-cyano-2-methyl-4-

phenyl-6-(phenylamino)nicotinate (yield = 92%, 325 mg).

ESI-3. Experimental procedure for the synthesis of ethyl 4-hydroxy-5-oxo-1,2-diphenyl-2,5-
dihydro-1H-pyrrole-3-carboxylate (2a):

A mixture of the benzaldehyde (1 mmol, 106 mg), aniline (1 mmol, 93 mg), diethyl
acetylenedicarboxylate (1 mmol, 170 mg) and t-ZrO, catalyst (10 mmol%, 12 mg) was refluxed
in 5 mL ethanol-water (1:1) mixture for 8 minutes indicated by TLC. After the completion of the
reaction, nanoparticles were separated by simple filtration and the semi solid product was
extracted with ethyl acetate. After evaporation of solvent yellowish crystals were obtained
which was then further recrystallized from hot ethanol to get pure yellow crystals of ethyl 4-

hydroxy-5-oxo-1,2-diphenyl-2,5-dihydro-1H-pyrrole-3-carboxylate (2a) (yield = 92%, 297 mg).



ESI-4. Powder XRD of 8t times reused t-ZrO, nanoparticles:
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Fig. S1 Powder XRD pattern of t-ZrO, nanoparticles after 8t cycle.




ESI-5. IR Based Absorption Experiment to evaluate Lewis acidity/basicity of t-ZrO,

nanoparticles:
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Fig. S2 IR based absorption experiment to evaluate Lewis basicity of t-ZrO, NPs.
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Fig. S3 IR based absorption experiment to evaluate Lewis acidity of t-ZrO, NPs.



ESI-5. Representative 'THNMR copies of compounds: The NMR spectra were recorded in 300 or

500 MHz Bruker instrument and CDCl; were used as NMR solvent.
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