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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy N 
2. Does your protocol include software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 4.2, 4.3, 4.6
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 4.2 and 4.3
5. Will the filming need to take place in multiple locations? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity. 

1.1. Xiaoqing Cai: This 1,3-dipolar cycloaddition provides easy access to highly functionalized bispirocyclic compounds. Such compounds contain important scaffolds that have been found in many natural products that exhibit important biological activities [1]. 

1.1.1. INTERVIEW: Xiaoqing Cai says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Xiaoqing Cai: We can apply this organocatalytic cycloaddition to prepare complex bispirocyclic scaffolds that contains two chiral spirocenters in only one step. The reaction affords high yields and excellent stereoselectivity [1]. 
 
1.2.1. INTERVIEW: Xiaoqing Cai says the statement above in an interview-style shot, looking slightly off-camera.

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Xiaoqing Cai: It is critical to ensure that all the reagents and solvents are dry before starting the reaction. Also, the cycloaddition reaction should be carried out under an argon or nitrogen atmosphere [1]. 

1.3.1. INTERVIEW: Xiaoqing Cai says the statement above in an interview-style shot, looking slightly off-camera.

Introduction of Demonstrator: (Said by you on camera) 

1.4. Xiaoqing Cai: Demonstrating the procedure will be Yaping Cheng, a grad student from my laboratory [1].
 
1.4.1. Interview style: Author saying the above 

1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.



Section - Protocol
2. [bookmark: _Hlk530078154]Preparation of -Arylidiene Pyrazolinone Species

2.1. To prepare the pyrazolone, add 40 milliliters of glacial acetic acid to a 250 milliliter round-bottom flask containing a magnetic stir bar [1]. Stir the solution at room temperature while adding 1 equivalent each of hydrazine and ethyl acetoacetate [2]. Then, equip the flask with a reflux condenser [3]. 
2.1.1. MED: Talent pours glacial acetic acid from a graduated cylinder into the round-bottom flask placed on a magnetic stir plate.
2.1.2. MED: Talent turns on stirring on magnetic stir plate and adds hydrazine and methyl ethyl acetoacetate to the round-bottom flask. Videographer: Show hydrazine and methyl ethyl acetoacetate container labels in frame if possible.
2.1.3. [bookmark: _GoBack]MED: Talent attaches reflux condenser to the round-bottom flask.
2.2. Heat the reaction flask to 120 degrees Celsius in an oil bath while stirring for 3 hours [1]. After cooling the flask to ambient temperature, remove the magnetic stir bar using a stir bar retriever [2]. Concentrate the reaction mixture using a rotary evaporator at 60 degrees Celsius [3-TXT].
2.2.1. MED: Talent places reaction flask in oil bath and turns up the temperature on the magnetic stir plate.
2.2.2. MED: Talent removes reaction flask from oil bath and removes the magnetic stir bar using the stir bar retriever.
2.2.3. MED: Talent attaches the reaction flask to the rotary evaporator and turns the evaporator on. TEXT: Avoid loss of mixture due to negative pressure.
2.3. Next, add 20 milliliters of deionized water to the reaction flask and transfer the solution to a separatory funnel [1]. Extract the aqueous layer 3 times with 30 milliliters of ethyl acetate [2]. Combine the organic layers in the separatory funnel and wash them 2 times with 50 milliliters of brine [3]. 
2.3.1. MED: Talent adds deionized water to the reaction flask and then adds the solution to the separatory funnel.
2.3.2. MED: Talent adds ethyl acetate to the separatory funnel, closes the funnel, shakes and vents it. 
2.3.3. MED: Talent combines the organic layers in the separatory funnel and adds brine.
2.4. Dry the combined organic layers over anhydrous sodium sulfate for 1 hour [1]. Then, remove the sodium sulfate by gravity filtration [2].
2.4.1. MED: Talent adds anhydrous sodium sulfate to the combined organic layers and swirls the flask.
2.4.2. MED: Talent pours the solution with sodium sulfate through funnel into a round-bottom flask.
2.5. Remove the solvent on a rotary evaporator under reduced pressure at 35 degrees Celsius to isolate the pyrazolone [1].
2.5.1. MED: Talent attaches the flask to the rotary evaporator and turns the evaporator on.
2.6. To prepare the alpha-arylidiene pyrazolinone, add 1 equivalent of pyrazolone, 1 equivalent of benzaldehyde, 0.6 equivalents of magnesium oxide, and a magnetic stir bar to an oven-dried 100 milliliter round-bottom flask under nitrogen atmosphere [1].
2.6.1. MED: Talent adds the pyrazolone, benzaldehyde, magnesium oxide, and a magnetic stir bar to the round-bottom flask.
2.7. Using an airtight syringe, add 40 milliliters of anhydrous acetonitrile and equip the reaction flask with a reflux condenser [1]. Heat the reaction flask to 120 degrees Celsius in an oil bath while stirring for 12 hours [2]. 
2.7.1. MED: Talent adds anhydrous acetonitrile and attaches a reflux condenser to the reaction flask.
2.7.2. MED: Talent places reaction flask in oil bath, turns on stirring and turns up temperature on the magnetic stir plate.
2.8. Monitor the progress of the reaction by thin layer chromatography, or TLC, using a 2 to 1 mixture of petroleum ether and ethyl acetate as the eluent [1-TXT]. 
2.8.1. MED: Talent spots reaction mixture on TLC plate and places the plate in a vessel containing the eluent. TEXT: Rf = 0.86.
2.9. After the complete consumption of pyrazolone, cool the reaction flask to room temperature [1]. Then, filter off the magnesium oxide using a Celite plug [2]. 
2.9.1. MED: Talent removes reaction flask from oil bath.
2.9.2. MED: Talent pours reaction mixture through Celite plug into a round-bottom flask.
2.10. Remove the excess acetonitrile by using a rotary evaporator under reduced pressure at 35 degrees Celsius [1]. Purify the residue by silica gel column chromatography eluting with petroleum ether and ethyl acetate to afford the crude product [2-TXT].
2.10.1. MED: Talent attaches the flask to the rotary evaporator and turns the evaporator on.
2.10.2. MED: Talent adds the pre-dissolved residue and eluent to a previously prepared column and starts collecting fractions. TEXT: 10:1 to 8:1 petroleum ether:EtOAc. Video Editor: Overlay should appear at mention of “petroleum ether and ethyl acetate”.
2.11. Add the crude product to a 100 milliliter Erlenmeyer flask equipped with a magnetic stir bar, and add a minimum volume of 95 percent ethanol [1]. Place the flask on a hot plate and bring it to a gentle boil with stirring until the entire solid is just dissolved [2]. Then, remove the flask from the hot plate and cool it slowly without any agitation to form the alpha-arylidiene product as pure crystals [3]. 
2.11.1. MED: Talent adds the product and ethanol to the Erlenmeyer flask.
2.11.2. MED: Talent places the flask on the hot plate, turns on stirring and turns up temperature on the hot plate.
2.11.3. MED: Talent removes the flask from the hot plate and gently places it on the lab bench. 
2.12. To prepare the alpha-imino gamma-lactone, add 1 equivalent each of alpha-amino-gamma-butyrolactone hydrobromide, magnesium sulfate, triethylamine, and a magnetic stir bar to an oven-dried 100 milliliter round-bottom flask under nitrogen atmosphere [1].
2.12.1. MED: Talent adds α-amino-gamma-butyrolactone hydrobromide, magnesium sulfate, triethylamine, and a magnetic stir bar to the round-bottom flask. Videographer: Show α-amino-gamma-butyrolactone hydrobromide container label in frame if possible. 
2.13. Using an airtight syringe, add 36 milliliters of anhydrous dichloromethane to the reaction flask and stir the reaction mixture at room temperature for 1 hour [1]. Then, add 1.1 equivalent of the desired thiophene-2-carbaldehyde to the solution and stir for another 12 hours [2].  
2.13.1. MED: Talent adds anhydrous dichloromethane to the reaction flask and turns on stirring on magnetic stir plate.
2.13.2. MED: Talent adds the thiophene-2-carbaldehyde to the solution and observes the stirring reaction mixture. Videographer: Show thiophene-2-carbaldehyde container label in frame if possible.
2.14. Monitor the progress of the reaction by TLC using a 4 to 1 mixture of petroleum ether and ethyl acetate as the eluent until complete consumption of the lactone species has occurred [1]. Then, filter off the reaction mixture using filter paper with a pore size of 30 to 50 micron [2].
2.14.1. MED: Talent spots reaction mixture on TLC plate and places the plate in a vessel containing the eluent. 
2.14.2. MED: Talent pours the reaction mixture onto the filter paper and into a flask.
2.15. Next, add 5 milliliters of deionized water to the resulting mixture and separate the organic layer from the aqueous phase [1]. Extract the aqueous phase 2 times with 30 milliliters of dichloromethane [2]. Combine the organic layers in the separatory funnel and wash them 2 times with 50 milliliters of brine [3]. 
2.15.1. MED: Talent adds deionized water to the reaction mixture and adds the mixture to the separatory funnel.
2.15.2. MED: Talent adds dichloromethane to the separatory funnel, closes the funnel, shakes and vents it. 
2.15.3. MED: Talent combines the organic layers in the separatory funnel and adds brine.
2.16. Dry the combined organic layers over anhydrous sodium sulfate for 1 hour [1]. Remove the sodium sulfate by gravity filtration [2]. Then, remove the solvent on a rotary evaporator under reduced pressure at 35 degrees Celsius [3].
2.16.1. MED: Talent adds anhydrous sodium sulfate to the combined organic layers and swirls the flask.
2.16.2. MED: Talent pours the solution with sodium sulfate through funnel into a round-bottom flask.
2.16.3. MED: Talent attaches the flask to the rotary evaporator and turns the evaporator on.
3. Synthesis of Bifunctional Squaramide Catalyst C5
3.1. To prepare compound 1, add 1 equivalent of dimethoxycyclobutene dione, 1 equivalent of bis(trifluoromethyl)aniline, 20 milliliters of methanol, and a magnetic stir bar to an oven-dried 100 milliliter round-bottom flask under nitrogen atmosphere [1-TXT]. Stir the mixture at room temperature for 48 hours [2].
3.1.1. MED: Talent adds the dione, the aniline, methanol, and a magnetic stir bar to the round-bottom flask. Videographer: Show dimethoxycyclobutene dione and bis(trifluoromethyl)aniline container labels in frame if possible. TEXT: See figure 2 for compound 1. 
3.1.2. CU: Stirring reaction mixture showing the formation of the yellow precipitate to indicate that the reaction is taking place.
3.2. Once the reaction is complete, filter the solution through a funnel fitted with filter paper and wash the solid product 3 times with 15 milliliters of methanol [1]. Dry the yellow solid in vacuo overnight to afford the final product as a yellow solid [2].
3.2.1. MED: Talent pours the reaction solution through funnel and then adds methanol to the funnel to wash the solid product.
3.2.2. MED: Talent attaches round bottom flask to a Schlenk line and opens the vacuum valve.
3.3. To synthesize the bifunctional squaramide catalyst, add 1 equivalent of compound 1, 1 equivalent of compound 2, and a magnetic stir bar to a 25 milliliter round-bottom flask under nitrogen atmosphere [1-TXT]. 
3.3.1. MED: Talent adds compound 1, compound 2 and a magnetic stir bar to the round-bottom flask. TEXT: See figure 2 for reaction scheme. Video Editor: If possible, show the bottom reaction scheme of figure 2 on screen while the talent is adding the reagents to the round-bottom flask. If this is not possible, show the TEXT overlay instead.
3.4. Using an airtight syringe, add 5 milliliters of anhydrous dichloromethane and stir the mixture at room temperature for 48 hours [1].
3.4.1. MED: Talent adds anhydrous dichloromethane to the reaction flask and turns on stirring on magnetic stir plate. 
3.5. Monitor the progress of the reaction by TLC using a 10 to 1 mixture of dichloromethane and methanol as the eluent [1-TXT]. After the reaction is complete, concentrate the mixture using a rotary evaporator at 40 degrees Celsius [2]. 
3.5.1. MED: Talent spots reaction mixture on TLC plate and places the plate in a vessel containing the eluent. TEXT: Rf = 0.49. 
3.5.2. MED: Talent attaches the flask to the rotary evaporator and turns the evaporator on.
3.6. Purify the residue by silica gel column chromatography eluting with a 20 to 1 mixture of dichloromethane and methanol to provide the desired product [1].
3.6.1. MED: Talent adds the pre-dissolved residue and eluent to a previously prepared column and starts collecting fractions. 
4. Asymmetric Synthesis of Bispirocyclic Compounds
4.1. Add 1 equivalent of alpha-arylidiene pyrazolinone, 1.2 equivalents of alpha-imino gamma-lactone, and a magnetic stir bar to an oven-dried 50 milliliter round-bottom flask under nitrogen atmosphere [1]. 
4.1.1. MED: Talent adds the pyrazoline, the lactone, and a magnetic stir bar to the round-bottom flask. Videographer: Show pyrazoline and lactone container labels in frame if possible.
4.2. Using an airtight syringe, add 10 milliliters of anhydrous ethyl ether to the reaction flask [1]. Then, add 0.1 equivalent of the bifunctional squaramide catalyst to the solution and stir the reaction mixture at 40 degrees Celsius [2].
4.2.1. MED: Talent adds anhydrous ethyl ether to the reaction flask and turns on stirring on magnetic stir plate. 
4.2.2. MED: Talent adds the bifunctional squaramide catalyst to the reaction flask and observes the stirring reaction mixture.
4.3. Monitor the progress of the reaction by TLC using a 4 to 1 mixture of petroleum ether and ethyl acetate as the eluent [1-TXT].
4.3.1. MED: Talent spots reaction mixture on TLC plate and places the plate in a vessel containing the eluent. TEXT: Rf = 0.51.
4.4. After the reaction is complete, concentrate the mixture using a rotary evaporator at 40 degrees Celsius [1].
4.4.1. MED: Talent attaches the flask to the rotary evaporator and turns the evaporator on.
4.5. Purify the residue by silica gel column chromatography eluting with a 4 to 1 mixture of petroleum ether and ethyl acetate to afford the final product [1].
4.5.1. MED: Talent adds the pre-dissolved residue and eluent to a previously prepared column and starts collecting fractions. 
4.6. Characterize the final product by proton and carbon NMR spectra using a 400 megahertz NMR spectrometer [1]. Determine the enantiomeric excess of the product using a chiral HPLC column [2]. 
4.6.1. LAB MEDIA: NMR of 3e.docx 
4.6.2. MED: Talent places sample in HPLC instrument and starts the analysis on the computer.








Section – Results
5. Results: Synthesis and Characterization of Enantiomerically Enriched Bispirocyclic Scaffolds 
5.1. The representative synthetic process of the bifunctional squaramide catalysts is shown here [1]. The screening of different organocatalysts resulted in C5 with excellent stereoselectivity and the highest yield [2]. Further optimization of the solvent suggested that ethyl ether was preferable in this synthetic process [3]. 
5.1.1. LAB MEDIA: Figure 1
5.1.2. LAB MEDIA: Table 1 – Video Editor: Highlight entries 1-6 at mention of “the screening of different organocatalysts”. Highlight entry 5 at mention of “resulted in C5 with excellent stereoselectivity and the highest yield.”
5.1.3. LAB MEDIA: Table 1 – Video Editor: Highlight entries 7-11 at mention of “further optimization of the solvent”. Highlight entry 11 at mention of “ethyl ether was preferable in this synthetic process”.
5.2. A variety of substituents of two spirocyclization synthons with different functional groups were tested successfully using the optimized model reaction conditions, affording the desired bispirocycles in good to excellent yields and stereoselectivity [1]. 
5.2.1. LAB MEDIA: Figure 1
5.3. The structure of bispirocyclic products was confirmed by proton and carbon NMR spectroscopy [1]. Representative HPLC chromatograms of the racemic and chiral compound 3e are shown here [2]. 
5.3.1. LAB MEDIA: NMR of 3e.docx – Video Editor: Highlight top spectrum at mention of “proton” and bottom spectrum at mention of “carbon”. The numbers at the top and bottom of each spectrum can be removed, if needed, to show both spectra on screen at the same time.
5.3.2. LAB MEDIA: Figure 3 or HPLC-1.tif, HPLC-2.tif – Video Editor: If possible, insert the right structure in figure 4 into figure 3. Highlight the top chromatogram at mention of “racemic” and the bottom chromatogram at mention of “chiral”. If needed, in order to show both chromatograms on screen at the same time, remove the tables under each chromatogram. HPLC-1.tif and HPLC-2.tif are the same chromatograms with the structures and without the tables. 
5.4. X-ray crystallography of compound 3e revealed the absolute configuration as 5S, 6R, 7R, 13R [1]. The single-crystal structure of 3e is shown here [2]. 
5.4.1. LAB MEDIA: Figure 4 – Video Editor: Highlight right structure.
5.4.2. LAB MEDIA: Figure 4 – Video Editor: Highlight left structure.
























Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Yani Zhou: (Step: 4.2) Make sure all the reagents and solvents are dry before starting the reaction. Also, the reaction should be performed under an argon or nitrogen atmosphere [1].
6.1.1. INTERVIEW: Yani Zhou says the statement above in an interview-style shot, looking slightly off-camera.
6.2. Yani Zhou: With these drug-like bispirocyclic products in hand, we can investigate their biological activities in order to explore potential effects on protein and cellular levels, and their application in drug discovery [1].
6.2.1. INTERVIEW: Yani Zhou says the statement above in an interview-style shot, looking slightly off-camera.
6.3. Yani Zhou: With new techniques, researchers are able to explore the possible biological function of these bispirocyclic compounds, their influence on proteomic and cellular activities and the corresponding mechanism [1].
6.3.1. INTERVIEW: Yani Zhou says the statement above in an interview-style shot, looking slightly off-camera.
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