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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol demonstrate software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 
2.2., 2.5., 4.1., 4.2., 4.4., 4.5.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
The most difficult aspect is the reduction of CO2 to bis(boryl)acetal (steps 2.5., 3.3., and 4.3.). Step 2.7. leading to the formation of compound 2 helps to confirm that these first reduction steps are successful. 
5. Will the filming need to take place in multiple locations (greater than walking distance)? 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. Sébastien Bontemps: This protocol is significant because we can control the 4e- reduction of CO2 and we can use the product formed as a reactive and versatile intermediate in one-pot cascade reactions [1]. 

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

1.2. Sarah Desmons: Thanks to the controlled CO2 reduction step and cascade strategy, this technique enables probing of the intermediate reactivity, leading to chiral compound synthesis from CO2 for the first time [1].

1.2.1. INTERVIEW: Named talent 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. Dan Zhang: The reaction mixture preparation is a meticulous process that involves multiple additions to a reaction vessel inside a glove box, CO2 pressurization, and a strict time and temperature control [1]. 

1.3.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera

1.4. Angelica Mejía: This cascade strategy requires subsequent reaction steps, the use of a glove box, and gas handling, all of which are easier to understand through visual demonstration [1].

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera




Section - Protocol
2. Compound 2 Synthesis
2.1. For synthesis of compound 2, charge an NMR (N-M-R) tube with 15.9 milligrams of 9-BBN (9-B-B-N), 130 microliters of a 10%- molar hexamethylbenzene as an internal standard, and 100 microliters of a 1%-molar iron catalyst solution in deuterated tetrahydrofuran [1-TXT].
2.1.1. Talent adding 9-BBN to tube in glove box, followed by 130 microliters of 10%-molar hexamethylbenzene solution and 100 microliters of 1%-molar iron catalyst solution with 9-BBN, hexamethylbenzene and iron catalyst containers visible in frame TEXT: NMR: nuclear magnetic resonance; BBN: 9-borabicyclo[3.3.1]nonane 
2.2. Add 0.37 milliliters of additional deuterated tetrahydrofuran to the tube [1] before closing the tube [2] and connecting it to a gas system outside of the glove box [3].
2.2.1. Tetrahydrofuran being added to tube Videographer: Important step
2.2.2. Talent closing tube Videographer: Important step
2.2.3. Talent connecting tube to gas system outside the glove box Videographer: Important step
2.3. Place the NMR tube in a 25-degree Celsius bath for 15 minutes [1].
2.3.1. Talent placing the NMR tube in a bath at 25°C 
2.4. Then add 1 atmosphere of carbon dioxide for 3 minutes [1] before closing the tube for a 45-minute incubation at 25 degrees Celsius [2].
2.4.1. Talent adding CO2/setting system to deliver CO2 Videographer: Important/difficult step
2.4.1A. Additional step: Talent showing the NMR tube after the 3 min. Close shot at the change of color in the NMR tube (Editor: The authors may need to provide additional VO to use this shot)
2.4.2. Talent setting timer, with closed tube visible in frame Videographer: Important/difficult step
2.5. During the equilibration, prepare a stock solution by mixing 189 microliters of freshly distilled 2,6-(diisopropyl)phenylamine and 811 microliters of fresh deuterated tetrahydrofuran [1].
2.5.1. Talent mixing 2,6-(diisopropyl)phenylamine with tetrahydrofuran, with both material containers visible in frame
2.6. When compound 1 has been generated, open the NMR tube inside the glove box [1] and add 55 microliters of the prepared 2,6-(diisopropyl)phenylamine solution to the tube [2].
2.6.1. Talent opening tube in glove box
2.6.2. Talent adding solution to tube, with solution container visible in frame
2.7. Then close and shake the tube for 10 seconds [1].
2.7.1. Closed tube being shaken

2.8. After 20 minutes, confirm the formation of imine 2 by proton NMR analysis and determine the NMR yield by comparison of the signal to the internal standard [1].

2.8.1. Talent injecting sample into NMR instrument

3. Compound 3 Synthesis

3.1. For synthesis of compound 3, charge the reaction vessel containing a magnetic stirring bar with 9.4 milligrams of iron catalyst [1], 320 milligrams of 9-BBN [2], and 10 milliliters of tetrahydrofuran inside a glove box.

3.1.1. WIDE: Talent adding iron catalyst to vessel, with iron catalyst container visible in frame 
3.1.2. Talent adding 9-BBN to vessel, with 9-BBN container visible in frame 
3.1.3. THF being added to vessel, with THF container visible in frame

3.2. After closing the reaction vessel, remove it from glove box for connection to the gas system [1].

3.2.1. Talent removing vessel from glove box

3.3. Add 1 atmosphere of carbon dioxide to the vessel for three minutes [1] before closing the vessel for a 45-minute stirring incubation at 25 degrees Celsius [2].

3.3.1. Talent initiating CO2 pressure leading to a quick color change of the solution Videographer: Difficult step
3.3.2. Talent setting timer, with stir bar stirring in vessel visible in frame Videographer: Difficult step

3.4. At the end of the reaction, open the reaction vessel in the glove box [1] and add a solution of 380 milligrams of triazol-5-ylidene in 6 milliliters of tetrahydrofuran to the mixture [2].

3.4.1. Talent opening vessel in glove box
3.4.2. Solution being added to vessel, with solution container visible in frame

3.5. Then charge the reaction with 3 atmospheres of carbon dioxide and stirring for 60 minutes at 60 degrees Celsius [1].

3.5.1. CO2 being initiated with stirring in vessel visible in frame
(Author Comment: an optional extra shot have been added, for a close shot of the gauge of the manometer showing the 3 atmosphere being set up)
3.5.2. Reaction vessel being placed in the 60°C bath

3.6. At the end of the reaction, when the solution has cooled to room temperature [1], remove the volatiles under vacuum [2] and wash the residue three times with 2-milliliter of diethylether at 0 degrees Celsius [3] to obtain carbon dioxide adduct 3 as a white powder [4].

3.6.1. Talent checking temp of vessel with bare fingers
3.6.2. Shot of vessel under vacuum
3.6.3. Reaction being washed
3.6.4. Shot of white powder in the glove box

4. Compound 4 Synthesis

4.1. For compound 4 synthesis, in a glove box, charge a new reaction vessel containing a magnetic stir bar with 159 milligrams of 9-BBN, 10%- molar hexamethylbenzene as an internal standard and 4.7 milligrams of iron catalyst [1], followed by the addition of 5 milliliters of tetrahydrofuran [2].

4.1.1. WIDE: Talent adding materials to flask, with containers and stir bar visible in frame Videographer: Important step
4.1.2. THF being added to vessel, with stir bar visible in flask Videographer: Important step

4.2. Place the closed vessel outside of the glove box for a 15-minute equilibration at 25 degrees Celsius [1] before connecting the vessel to the gas system for 3 minutes under a dynamic pressure of 1-atmosphere carbon dioxide [2].

4.2.1. Talent placing vessel at 25 °C Videographer: Important step
4.2.2. Talent connecting vessel to system Videographer: Important step

4.3. At the end of the pressurization, close the vessel [1] for a 45-minute stirring incubation at 25 degrees Celsius [2].

4.3.1. Talent closing vessel Videographer: Difficult step
4.3.2. Shot of vessel contents being stirred and close shot at the set temperature of 25°C Videographer: Difficult step

4.4. When compound 1 has been generated, open the reaction vessel in a glove box [1] and add 54 milligrams of triazol-5-ylidene [2].

4.4.1. Talent opening vessel in glove box
4.4.2. Triazol-5-ylidene being added to vessel

4.5. Outside of the glove box, stir the solution at 80 degrees Celsius for 40 minutes to generate a mixture of compounds containing compound 4 [1] and remove the solvent under vacuum [2].

4.5.1. Talent setting timer, with vessel contents being stirred visible in frame Videographer: Important step
4.5.1A. Additional step: Close shot to emphasize the change of color from yellow to red after the 40 min. incubation at 80°C (Editor: Authors may need to provide additional VO to use this shot)
4.5.2. Solvent being removed Videographer: Important step

4.6. Then dissolve part of the residue in 0.6 milliliters of deuterated tetrahydrofuran [1] and strain the solution through a syringe equipped with a 0.2-micrometer polytetrafluoroethylene filter into a NMR tube for analysis [2-TXT].

4.6.1. [bookmark: _GoBack]Talent adding deuterated THF in a small container and scrapping of some residue from the reaction vessel and dissolving it in the THF
4.6.2. Talent filtering solution into NMR tube 



Section – Results
5. Results: Representative 1H NMR Analyses of Compounds 1-4

5.1. A successful generation of bis(boryl)acetal compound 1 as assessed by proton-NMR analysis [1] results in a characteristic methylene peak at 5.54 parts per million in deuterated tetrahydrofuran [2].

5.1.1. LAB MEDIA: Figure 4A
5.1.2. LAB MEDIA: Figure 4A: JoVE Video Editor please emphasize peak at 5.54 ppm

5.2. A successful generation of compound 2 presents a characteristic A-B peak set at 7.30 parts per million for the two inequivalent methylene protons in deuterated tetrahydrofuran [1].

5.2.1. LAB MEDIA: Figure 4B: JoVE Video Editor please emphasize peaks in above-graph inset

5.3. In a successful generation of compound 3, the most notable signals are the methine peak connected to the carbene at 5.34 parts per million [1] and the methine peaks of the BBN fragment at 0.26 and minus 0.65 parts per million [2]. 

5.3.1. LAB MEDIA: Figure 4C: JoVE Video Editor please emphasize peak at 5.34 ppm
5.3.2. LAB MEDIA: Figure 4C: JoVE Video Editor please emphasize peaks at 0.26 and -0.65 ppm

5.4. A successful synthesis of compound 4 in situ generated from carbon dioxide is notably characterized by a doublet at 4.64 parts per million [1] and a pseudo-t at 3.36 parts per million [2].

5.4.1. LAB MEDIA: Figure 4D: JoVE Video Editor please emphasize peak at 4.64 ppm
5.4.2. LAB MEDIA: Figure 4D: JoVE Video Editor please emphasize pseudo-t at 3.36 ppm

5.5. The aliphatic C3 chain of the isolated compound 4 from D-L-Glyceraldehyde is characterized in proton-NMR by four proton signals [1] and in carbon-13 NMR by three carbon signals [2].

5.5.1. LAB MEDIA: Figure 4E: JoVE Video Editor please emphasize 4 peaks in above-graph inset
5.5.2. LAB MEDIA: Figure 5: JoVE Video Editor please emphasize 3 peaks in above-graph inset





Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Sébastien Bontemps: The reduction steps are sensitive to changes in the protocol and the reproducibility of these steps must be probed, notably by the reproductive synthesis of compound 2 in good yield [1]. 
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Steps: 2.4., 3.3., 4.3.)
6.2. Sébastien Bontemps: Please be sure to check the safety sheets for any hazardous materials and gases, to take precautions regarding the handling of gases, and to avoid the building of overpressure [1].
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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