Table 1 Optimization of reaction conditionsa


	Entry
	Catalyst
	Solvent
	Catalyst (g)
	Temperature
(օC)
	Time (min)
	Yield (%)

	1
	-
	Solvent-free
	-
	R.T.
	15
	-

	2
	MNPs
	Solvent-free
	0.02
	70
	15
	35

	3
	Carr
	Solvent-free
	0.02
	70
	15
	40

	4
	Carr-Met
	Solvent-free
	0.02
	70
	15
	50

	5
	Carr-Met-MNPs
	Solvent-free
	0.02
	70
	15
	60

	6
	Carr-Met-MNPs
	EtOH
	0.02
	70
	15
	75

	7
	Carr-Met-MNPs
	H2O
	0.02
	70
	15
	55

	8
	Carr-Met-MNPs
	EtOH : H2O
	0.02
	70
	15
	85

	9
	Carr-Met-MNPs
	CH3CN
	0.02
	70
	15
	60

	10
	Carr-Met-MNPs
	CH2Cl2
	0.02
	70
	15
	30

	11
	Carr-Met-MNPs
	THF
	0.02
	70
	15
	35

	12
	Carr-Met-MNPs
	Toluene
	0.02
	70
	15
	30

	13
	Carr-Met-MNPs
	EtOH : H2O
	0.03
	70
	15
	94

	14
	Carr-Met-MNPs
	EtOH : H2O
	0.04
	70
	15
	94

	15
	Carr-Met-MNPs
	EtOH : H2O
	0.03
	80
	15
	94

	16
	Carr-Met-MNPs
	EtOH : H2O
	0.03
	70
	60
	94


a Reaction conditions: benzaldehyde (2j, 1 mmol), malonitrile (3, 1 mmol), hydrazine (4, 1 mmol), and ethyl acetoacetate (5, 1 mmol), 2 mL of solvents.
b Isolated yield.



Table 2 Synthesis of dihydropyrano [2, 3-c]pyrazole derivatives using Carr-Met-MNPsa



	Entry
	R-CHO 
	Product 
	Time (min)
	Yieldb (%)
	TOFc
	M.p (°C)

	
	
	
	
	
	
	Observed (Literature) [Ref.]

	1
	2a
	6a
	15
	88
	370.05
	207–209(208–210)[16]

	2
	2b
	6b
	17
	92
	342.2
	214–216(216–218)[16]

	3
	2c
	6c
	18
	89
	312.3
	220–226(218–224)[16]

	4
	2d
	6d
	3
	90
	1895
	232–236(238–240)[16]

	5
	2e
	6e
	9
	89
	642.5
	242–2244(242–244)[21]

	6
	2f
	6f
	8
	92
	728.1
	246–249(244–246)[23]

	7
	2g
	6g
	10
	91
	577
	244–245(244–246)[16]

	8
	2h
	6h
	15
	92
	387.36
	218-220

	9
	2i
	6i
	10
	91
	577
	240-242 

	10
	2j
	6j
	15
	94
	395.8
	244-2247(244-246)[17]


a Reaction conditions: aldehyde (2a-2j, 1 mmol), malonitrile (3, 1 mmol), hydrazine (4, 1 mmol), ethyl acetoacetate (5, 1 mmol), in the EtOH : H2O (2 mL) as solvent, and  70 °C.
a Isolated yield.
cTurnover frequency (h-1).
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