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1. Additional Experimental Details

1.1. Collection Setup for Scale Up Experiment:

Figure S1. Schematic representation of the collection setup for scale up experiments.

1.2. Conversion Ratio Calculation.

Conversion ratios from a mass spectrum can be determined using the ion intensities of reactants, intermediates, 

and products, based on any of the following equations:

Where Ip, IR and IINT are the total ion intensity of the products, reactants and intermediates (respectively) 

formed during the reaction. In our case, we have used the first equation to determine the conversion ratio 

during the microdroplet reactions. This method represents the most stringent approach to calculating the 

conversion ratio, as it accounts for the ion intensity of the intermediates.
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2. Microdroplet reaction of ethyl acetoacetate (1a) and phenyl hydrazine (2a).

2.1. MS/MS analysis of the product.

Figure S2. (a) MS/MS spectrum of product peak at m/z 175, (b) ChemDraw depiction of the rationalized 

MS/MS fragmentations.

2.2. Distance effect during the reaction between ethyl acetoacetate (1a) and phenyl hydrazine (2a).

Figure S3. Distance effect during the reaction between ethyl acetoacetate and phenyl hydrazine showing 

greater conversion of the reactants to the final product at a distance of 5 cm.  
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2.3. Mass spectra for reaction between ethyl acetoacetate (1a) and phenyl hydrazine (2a) in EtOH.

Figure S4. Mass spectra for the reaction between ethyl acetoacetate and phenyl hydrazine in EtOH a) at 3 mm 

distance, b) at 4 cm distance with increasing distance, the Schiff base product is found to be most abundant in 

the mass spectra.

2.4. 1H NMR spectrum of the Pyrazole product

Figure S5. 1H NMR spectrum (300 MHz, CDCl3) for the sprayed sample. The Schiff base product is also 

observed in the NMR experiment. No efforts were made to separate the mixture using chromatographic 

techniques. From the integration value the pyrazole product was found to be 50% of the Schiff base product.



S7

3. Reaction between heptane 3,5-dione (1b) and phenyl hydrazine (2a).

3.1. Mass spectra of the reaction between heptane 3,5-dione (1b) and phenyl hydrazine (2a) in H2O 

microdroplets. 

Figure S6. Mass spectra of the reaction between heptane 3, 5-dione and phenyl hydrazine in water 

microdroplets a) at 3 mm and b) at 5 mm distance. The reaction shows greater conversion to product upon 

increasing distance of the sprayer from the inlet of the mass spectrometer.

H2O

[Product + H]+[Product + H]+a) b)
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3.2. Mass spectra of the reaction between heptane 3,5-dione (1b) and phenyl hydrazine (2a) in EtOH 

microdroplets. 

Figure S7. Mass spectra of the reaction between heptane 3,5-dione (1b) and phenyl hydrazine (2a) in ethanol 

microdroplets (a) at 3 mm and b) 5 cm distance. The reaction shows greater conversion to product upon 

increasing distance of the sprayer from the inlet of the mass spectrometer.

3.3. MS/MS Characterization.

Figure S8. MS/MS spectrum for the product peak at m/z 201 and rationalized structures.
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3.4. Proposed reaction mechanism and the intermediates in the mass spectrum.

Figure S9. Proposed reaction mechanism and the intermediates and products as determined from the mass 

spectrum for the reaction between heptane 3,5-dione (1b) and phenyl hydrazine (2a).

3.5. 1H NMR spectrum of the pyrazole product.

Figure S10. 1H NMR ( 300 MHz, CDCl3) of the pyrazole product formed in the reaction between heptane 

3,5-dione (1b) and phenyl hydrazine (2a) in microdroplets.



S10

4. Reaction between 2-acetylcyclohexanone (1c) and phenyl hydrazine (2a).

4.1. Mass spectrum of the reaction in ethanol/water (80:20 v/v) microdroplets and MS/MS analysis of 

the resulting product.

Figure S11. (a) Reaction between 2-acetylcyclohexanone (1c) and phenyl hydrazine (2a) in ethanol/water 

(80:20 v/v) microdroplets monitored online using a mass spectrometer. The distance of the sprayer was kept 

20 mm away from the inlet of the mass spectrometer. (b) MS/MS characterization of the pyrazole product 

showing cross ring fragmentation as the most abundant peak in the mass spectrum. The corresponding MS/MS 

fragmentations are rationalized in the figure.

4.2. Effect of using water during the reaction

Figure S12. Reaction between 2-acetylcyclohexanone (1c) and phenyl hydrazine (2a) in (a) ethanol and (b) 

ethanol/water (80:20 v/v) mixture monitored online using a mass spectrometer.
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4.3. Proposed reaction mechanism and the intermediates in the mass spectrum.

Figure S13. Proposed reaction mechanism and the intermediates and products as determined from the mass 

spectrum for the reaction between 2-acetylcyclohexanone (1c) and phenyl hydrazine (2a).

4.4. 1H NMR spectrum of the pyrazole product.

Figure S14. 1H NMR( 300 MHz, CDCl3) of the pyrazole product after reaction between 2-

acetylcyclohexanone (1c) and phenyl hydrazine (2a).
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5. Reaction between ethyl acetoacetate (1a) and hydrazine hydrate (2b).

Although mass spectrum during this reaction showed only 2% conversion, the reagents were sprayed 

and collected for NMR analysis. From the 1H NMR it has been found that there are no starting reagents present 

in the final product. The reduced conversion ratio (from the mass spectrum) might be due to 

1. Low ionization efficiency of the pyrazole product as compared to other reaction intermediates. 

2. The reaction might be a combination of microdroplet and thin film reaction.

5.1. Mass spectrum & MS/MS of reaction products in water microdroplets. 

Figure S15. (a) Reaction between ethyl acetoacetate (1a) and hydrazine hydrate (2b) in water microdroplets 

monitored online using a mass spectrometer. The distance of the sprayer was kept 20 mm away from the inlet 

of the mass spectrometer. (b) MS/MS characterization of the pyrazole product. The corresponding MS/MS 

fragmentations are rationalized in the figure.
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5.2. Proposed reaction mechanism and the intermediates in the mass spectrum.

Figure S16. Proposed reaction mechanism and the intermediates and products as determined from the mass 

spectrum for the reaction between ethyl acetoacetate (1a) and hydrazine hydrate (2b).
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5.3. 1H NMR characterization.

 

Figure S17. (a) 1H NMR (300 MHz, D2O) for the mixture of ethyl acetoacetate (1a) and hydrazine hydrate 

(2b) showing peaks for the starting reagents. (b) 1H NMR (300 MHz, DMSO-d6) of the product formed as the 

result of the reaction between ethyl acetoacetate (1a) and hydrazine hydrate (2b) in microdroplets.
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6. Reaction between heptane 3,5-dione (1b) and hydrazine hydrate (2b).

6.1. Mass spectrum & MS/MS of reaction products in water microdroplets

Figure S18. (a) Reaction between heptane 3,5-dione (1b) and hydrazine hydrate (2b) in water microdroplets 

monitored online using a mass spectrometer. The distance of the sprayer was kept 20 mm away from the inlet 

of the mass spectrometer. (b) MS/MS spectrum for the product peak at m/z 125. The corresponding MS/MS 

fragmentations are rationalized in the figure.

6.2. Proposed reaction mechanism and the intermediates in the mass spectrum.

Figure S19. Proposed reaction mechanism and the intermediates and products as determined from the mass 

spectrum for the reaction between heptane 3,5-dione (1b) and hydrazine hydrate (2b) in water microdroplets.
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6.3. 1H NMR characterization of the product

Figure S20. 1H NMR (300 MHz, D2O) of the product for the reaction between heptane 3,5-dione (1b) and 

hydrazine hydrate (2b) in water microdroplets.

7. Reaction between 2-acetylcyclohexanone (1c) and hydrazine hydrate (2b).

7.1. Mass spectrum & MS/MS of reaction products in water microdroplets.

Figure S21. (a) Mass spectrum for the reaction between 2-acetylcyclohexanone (1c) and hydrazine hydrate 

(2b) in water microdroplets. The distance of the sprayer was kept 20 mm away from the inlet of the mass 

spectrometer. (b) MS/MS spectrum for the product peak at m/z 137. The corresponding MS/MS 

fragmentations are rationalized in the figure.
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7.2. Proposed reaction mechanism and the intermediates in the mass spectrum.

Figure S22. Proposed reaction mechanism and the intermediates and products as determined from the mass 

spectrum for the reaction between 2-acetylcyclohexanone (1c) and hydrazine hydrate (2b) in water 

microdroplets.

7.3. 1H NMR characterization of the pyrazole product.

Figure S23. 1H NMR (300 MHz, D2O) of the product for the reaction between 2-acetylcyclohexanone (1c) 

and hydrazine hydrate (2b) in water microdroplets.
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8. Reaction between 1,3-diphenyl-1,3-propanedione (1d) and hydrazine hydrate (2b).

8.1. Mass spectrum & MS/MS of reaction products in water microdroplet.

Figure S24. (a) Mass spectrum of the reaction between 1,3-diphenyl-1,3-propanedione (1d) and hydrazine 

hydrate (2b) in ethanol. The distance of the sprayer was kept 20 mm away from the inlet of the mass 

spectrometer. (b) MS/MS spectrum for the product peak at m/z 137. The corresponding MS/MS 

fragmentations are rationalized in the figure.

8.2. Proposed reaction mechanism and the intermediates in the mass spectrum.

Figure S25. Proposed reaction mechanism and the intermediates and products as determined from the mass 

spectrum for the reaction between 1,3-diphenyl-1,3-propanedione (1d) and hydrazine hydrate (2b) in ethanol 

microdroplets.
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8.3. 1H NMR characterization of the product.

Figure S26. 1H NMR (300 MHz, CDCl3) of the product for the reaction between 1,3-diphenyl-1,3-

propanedione (1d) and hydrazine hydrate (2b) in ethanol microdroplets.

9. Reaction between 2-acetylcyclohexanone (1c) and 2-chloro-6-hydrazineylpyridine (2c).

9.1. Mass spectrum & MS/MS of reaction products in EtOH/Water (50:50) microdroplets.

Figure S27. (a) Mass spectrum for the reaction between 2-acetylcyclohexanone (1c) and 2-chloro-6-

hydrazineylpyridine (2c) in ethanol/water microdroplets. The distance of the sprayer was kept 20 mm away 

from the inlet of the mass spectrometer. (b) MS/MS spectrum of product peak at m/z 248.  The corresponding 

MS/MS fragmentations are rationalized in the figure.
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9.2. Proposed reaction mechanism and the intermediates in the mass spectrum.

Figure S28. Proposed reaction mechanism and the intermediates and products as determined from the mass 

spectrum for the reaction between 2-acetylcyclohexanone (1c) and 2-chloro-6-hydrazineylpyridine (2c) in 

ethanol/water microdroplets.

10. Ecoscale Data:

Reference: Org. Lett. 2014, 16 (19), 5060–5063 (Ecoscale value = 47.5)
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Reference: Synlett 2018, 29, 2689–2692 (Ecoscale value = 51)

Reference: Tetrahedron Letters 2008, 49 (2), 397–400 (Ecoscale value = 48)
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Reference: Monatsh Chem 2022, 153 (3), 257–266 (Ecoscale value = 39)

Reference: This Work (Microdroplet Based Method)

For reaction between heptane 3,5-dione (1b) and phenyl hydrazine (2a) (Ecoscale value = 71)
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For reaction between ethyl acetoacetate (1a) and phenyl hydrazine (2a) (Ecoscale value = 52)


