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1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N

2. Does your protocol include software usage? N
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)

2.4
2.8
2.10
2.11
2.12
2.13

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
2.10: Exchanging the septum against a glass stopper or another septum might lead to the undesired introduction of air. Thus, the quick exchange under slight overpressure of dinitrogen is crucial for a successful experiment.
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. Dominik Munz: This protocol allows students of any level to perform water and air sensitive synthesis of for example free carbenes or their dimers using a Schlenk line and cannulas [1]. 
1.1.1. INTERVIEW


1.2. Dominik Munz: Filter cannulas allow for the filtration of air sensitive compounds with minimal effort and a minimal risk of contamination [1].
1.2.1. INTERVIEW

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


1.3. Stephen J. Goodner: The importance of dry and degassed solvents, dry glassware and sufficient cycling of all hoses connecting the flasks with the Schlenk line, that means evacuating and refilling with dinitrogen, is crucial [1].
1.3.1. INTERVIEW


1.4. Stephen J. Goodner: A visualized guideline on handling Schlenk lines is extremely useful and indispensable for understanding the workflow. The same applies for the preparation and use of a filter cannula [1].  
1.4.1. INTERVIEW




Section - Protocol
2. Synthesis of Cyclic (alkyl)(amino) Carbene (Compound 1)
2.1. To begin, quickly transfer a hot, oven-dried 100 milliliter Schlenk (pronounce as sh-lenk) flask into a dinitrogen filled glovebox [1]. Weigh out iminium salt 1prot (pronounce as one-prot) and KHMDS (pronounce as K-H-M-D-S) and combine both in the 100 milliliter Schlenk flask [2-TXT].
2.1.1. WIDE: Talent takes the flask out of the oven into glovebox.
2.1.2. MED: Talent weighs salt and transfers into flask. TEXT: 1prot (2.00 g, 5.36 mmol, 1.0 eq.): 1-(2,6-diisopropylphenyl)-2,2,4,4-tetramethyl-3,4-dihydro-2H-pyrrol-1-ium tetrafluoroborate; KHMDS (1.05 g, 5.25 mmol, 0.98 eq.): potassium hexamethyldisilazide
2.2. Equip the Schlenk flask with a magnetic stir bar and cap the flask with the rubber septum [1]. Then, transfer the flask to a Schlenk line by connecting the Schlenk flask valve with one of the hoses of the Schlenk line [2].
2.2.1. MED: Talent puts in a stir bar and caps the flask.
2.2.2. WIDE: Talent connects the flask valve to the hose of the Schlenk line.
2.3. To another hose of the Schlenk line, connect a second hot, oven-dried 100 milliliter Schlenk flask capped with a rubber septum [1]. Additionally, connect a Straus flask containing dry, degassed diethylether (pronounce as di-ethyl-ether) to the Schlenk line [2-TXT].
2.3.1. MED: Talent approaches to another hose, and connects a second flask.
2.3.2. MED: Talent connects a Straus flask. TEXT: Dry, degassed diethylether.
2.4. Turn the Schlenk line valves to evacuate [1] and wait for the manometer to show a vacuum around 10 to the power of minus 2 millibar [2-TXT]. Refill the connecting hoses with dinitrogen by turning the Schlenk line valve [3]. The bubbler then starts bubbling due to overpressure. This procedure removes any traces of water and air from the hoses [4-TXT].
2.4.1. MED: Talent turns the Schlenk line valves on vacuum. Videographer: Take multiple shots, as this will be used later.
2.4.2. CU: Shot of the manometer display until it shows a vacuum around 10*-2 mbar. TEXT: 5 * 10-2 mbar of vacuum
2.4.3. MED: Talent turns the Schlenk line valve on dinitrogen.
2.4.4. MED: Shot of the overpressure bubbler with nitrogen overpressure causing bubbling. TEXT: air valve anti-return 
2.5. After evacuating and refilling the connecting hoses three times [1], place the flask with the reagents in an isopropanol slush bath at -88 degrees Celsius to cool for 3 minutes [2-TXT]. During cooling, the Schlenk flask is kept under a slight overpressure of dinitrogen as provided from the Schlenk line [3].
2.5.1. MED: Shot of the Schlenk line.
2.5.2. MED: Talent places flask in ice. TEXT: A dry ice/acetone (-78 °C) cooling bath can also be used.
2.5.3. MED: Shot of the overpressure bubbler with bubbles.
2.6. Use the Straus flask containing diethylether (pronounce as di-ethyl-ether) to purge a syringe three times to remove traces of air [1]. Via the syringe, add 20 milliliters of this solvent along the cold flask wall over the course of 3 minutes [2]. Place the flask on a stir plate and stir the suspension for 10 minutes [3].
2.6.1. MED: Talent fills the syringe with dinitrogen and releases the dinitrogen into the air to purge the syringe. 
2.6.2. CU: Talent adds solvent along the flask wall. Close up of the syringe and the solvent flowing down the flask wall.
2.6.3. MED: Talent places the flask on stir plate and stirs the suspension.
2.7. Once the mixture reaches room temperature [1], discontinue stirring and allow the 
potassium tetrafluoroborate salt to settle [2]. 
2.7.1. MED: Talent feels the flask temperature by touching it.
2.7.2. CU: Talent turns off the magnetic stirrer. Close up of the flask with salt settling.
2.8. Then, obtain a steel cannula [1], and wind a PTFE (pronounce as P-T-F-E) tape around one end of the cannula to obtain an overall diameter of about 0.6 centimeters [2-TXT]. Fit a glass micro fiber filter to that end by winding further PTFE tape around [3].
2.8.1. CU: Talent shows a steel cannula.
2.8.2. CU: Talent fits filter to one end of the steel cannula. TEXT: PTFE: polytetrafluoroethylene
2.8.3. CU: Talent shows the micro fiber filter and fits to cannula.
2.9. With a small needle, which has a smaller diameter than the cannula [1], perforate a septum and subsequently push the filter cannula through the tiny hole [2].
2.9.1. ECU: Talent shows the diameter of the needle and the cannula together.
2.9.2. CU: Talent pierces the septum with the needle and fits cannula in the hole.
2.10. Remove the rubber septum of the Schlenk flask containing the crude carbene connected to dinitrogen. Under a gentle flow of dinitrogen, swiftly exchange this septum with the septum on the cannula [1]. Keep the glass micro fiber filter attached to the cannula pointing into the flask. Purge the cannula for at least 1 minute with dinitrogen [2].
2.10.1. MED: Talent exchanges septum on the flask. Videographer: Take multiple shots, as this will be used later.
2.10.2. CU: Shot of the flask with glass micro fiber filter pointing into the flask with dinitrogen flowing.
2.11. Use a small needle to perforate the septum capping a second empty Schlenk flask as well [1] and introduce the other end of the steel cannula [2]. Additionally, insert a thin needle through the septum of the empty flask for overpressure release [3]. Close the Schlenk valve connecting this flask to the Schlenk line to stop dinitrogen flow [4].
2.11.1. CU: Talent pierces the second septum.
2.11.2. CU: Talent inserts the other end of steel cannula.
2.11.3. MED: Talent inserts a thin needle through the septum of the empty flask. Have both the empty flask and the flask containing the crude carbene in view.
2.11.4. MED: Talent turns off Schlenk valve of the empty Schlenk flask. Have both the empty flask and the flask containing the crude carbene in view.
2.12. Lower the filter cannula into the overlying solution [1] to start filtration of the solution containing the free carbene into the second Schlenk flask using slight dinitrogen overpressure provided by the Schlenk line [2]. Eventually, also lower the filter cannula into the suspension with the settled salt at the bottom of the flask [3].
2.12.1. MED: Talent lowers the cannula.
2.12.2. CU: Close up of the cannula and the change of the level of the solution in the flask.
2.12.3. CU: Talent lowers the cannula to the bottom of the flask. Close up of the suspension.
2.13. After quantitative transfer of the carbene, reopen the stopcock of the second Schlenk flask to the Schlenk line for dinitrogen supply [1]. Remove the small needle as well as the steel cannula [2] and seal the perforated septum of the Schlenk flask with adhesive tape [3].
2.13.1. MED: Talent reopens valve of the second flask.
2.13.2. MED: Talent removes needle and cannula from the second flask.
2.13.3. CU: Talent seals the septum.
2.14. Remove the solvent as well as the volatile hexamethyldisilazane (pronounce as hexa-methyl-di-sila-zane) in vacuo by applying vacuum from the Schlenk line [1-TXT] to obtain 1.53 grams of free carbene 1 as a colorless to slightly yellow and greasy solid [2-TXT]. Transfer the Schlenk flask containing the carbene under vacuum to a glovebox for storage [3]. 
2.14.1. CU: Talent opens the Schlenk flask to vacuum. TEXT: 1 * 10-3 mbar of vacuum
2.14.2. CU: Talent shows the free carbene 1 in the Schlenk flask. TEXT: carbene 1
2.14.3. MED: Talent transfers carbene 1 to glovebox.
3. Synthesis of the CAAC–NHC Salt (Compound 3prot)
3.1. After synthesis of carbene 2, transfer a Schlenk flask with iminium salt 1prot and the free carbene 2 to the Schlenk line [1]. Additionally, connect one Straus flask to the Schlenk line containing dry and degassed tetrahydrofuran [2]. Evacuate and refill the connecting hoses with dinitrogen three times [3]. 
3.1.1. MED: Talent shows the Schlenk flask with salt in it and connects it to the Schlenk line.
3.1.2. MED: Talent shows the Straus flasks containing tetrahydrofuran, and connects it to the Schlenk line.
3.1.3. Author comment: use 3.4.1 instead
3.1.4. MED: Talent operates on the stopcock.
3.2. Purge a syringe on the flask as previously [1], and add 30 milliliters of dry and degassed tetrahydrofuran along the flask wall via the syringe [2]. Stir for 10 minutes [3]. Swiftly replace the perforated septum by a well-greased glass stopper [4]. Stir the reaction mixture for at least 12 hours at room temperature [5].
3.2.1. MED: Talent purges the syringe.
3.2.2. MED: Talent adds solvent along the flask wall.
3.2.3. MED: Talent places the flask on a stir plate.
3.2.4. CU: Talent replaces rubber septum with glass stopper and adjusts a clamp.
3.2.5. CU: Close up of the solvent in the flask on the stir plate.
3.3. After the salt is settled, swiftly exchange the glass stopper by a septum with a filter cannula [1] to remove the supernatant solvent from the yellow powder [2].
[Added Shot] Use 3.5.1. shot of settled salt
3.3.1. MED: Talent exchanges with rubber septum.
3.3.2. Talent performs a filtration via cannula.
3.4. Via a clean syringe add 20 milliliters of dry tetrahydrofuran to wash the residue in the Schlenk flask [2]. Stir for 15 minutes to obtain a fine suspension [3]. 
3.4.1. Talent connects a Straus flask containing tetrahydrofuran.
3.4.2. MED: Talent adds tetrahydrofuran to the Schlenk flask.
3.4.3. CU: Shot of the suspension in the flask on the stir plate.
3.5. After the salt is settled, remove the supernatant washing solution [1] by a filter cannula. Exchange the perforated septum along with the filter cannula by a well-greased glass stopper [4].
3.5.1. CU: Shot of the settled salt and supernatant washing solution in the flask.
3.5.2. MED: Talent removes filter cannula and thereby exchange septum with glass stopper.
3.6. Open the stopcock to vacuum on the Schlenk line to dry the residue [1] and afford the protonated heterodimer quantitatively as an off white powder [2-TXT]. Transfer the Schlenk flask containing 3prot (pronounce as three-prot) to a glovebox for storage and the next step [2]. 
3.6.1. MED: Talent dries the residue by opening the stopcock to vacuum of the Schlenk line.
3.6.2. CU: Shot of the off white powder. TEXT: 3prot   Author comment: Ist das noch gelb oder jetzt colourless????
3.6.3. MED: Talent transfers Schlenk flask containing light orange powder to the glovebox.
4. Synthesis of the Organic Radical CAAC–NHC-2 (Compound 4)
4.1. To synthesize compound 4, connect a Schlenk flask containing silver trifluoromethanesulfonate (pronounce as tri-fluoro-methane-sulfonate) and compound 3 [1-TXT], as well as a second hot, oven-dried empty 20 milliliter Schlenk flask to the Schlenk line [2]. Additionally, connect a Straus flask containing tetrahydrofuran to the Schlenk line [3].
4.1.1. MED: Talent shows one flask with chemicals. TEXT: Ag(OTf): 134 mg, 0.52 mmol, 1.0 eq.; Compound 3: 200 mg, 0.52 mmol, 1.0 eq.
4.1.2. MED: Talent shows an empty flask and connects the two flasks to Schlenk line.
4.1.3. MED: Talent connects a Straus flask.
4.2. [bookmark: _GoBack]After evacuating and refilling the connecting hoses with dinitrogen three times, add 5 milliliters of dry and degassed tetrahydrofuran into the flask via a purged syringe [1] to obtain a deep maroon mixture [2]. Then, filter the solution into the second empty Schlenk flask using a filter cannula as previously done [3].
4.2.1. MED: Talent adds solvent into flask via syringe.
4.2.2. CU: Close up of the maroon mixture.
4.2.3. MED: Talent lowers the cannula.
4.3. Obtain the stable radical quantitatively as a yellow-brown powder after removing the solvent in vacuo [1]. Transfer the Schlenk flask containing compound 4 to a glovebox for storage [2-TXT].
4.3.1. CU: Close up of the maroon mixture.
4.3.2. MED: Talent transfers the powder to glovebox. TEXT: compound 4


Section – Results
5. Results: 13C and 1H NMR spectrum
5.1. Carbenes 1 and 2 are isolated at room temperature and do not dimerize as evidenced by the signals of the carbene carbon atom in the 13C (pronounce as carbon-thirteen) NMR (pronounce as N-M-R) spectrum [1] at 313.9 ppm [2] and 216.9 ppm, respectively [3].
5.1.1. Figure 5
5.1.2. Figure 5- Video editor: emphasize the first peak of the top figure.
5.1.3. Figure 5- Video editor: emphasize the first peak of the bottom figure.
5.2. The absence of a signal around 100 ppm confirms the efficient exclusion of air using the filter cannula technique [1]. The stability of carbene 1 is largely due to the sterically demanding diisopropylphenyl (pronounce as di-iso-propyl-phenyl) substituent at the nitrogen atom, which prevents dimerization [2].
5.2.1. Figure 5- Video editor: emphasize at the 100 ppm.
5.2.2. Figure 6- Video editor: show the top part of Figure 6. Emphasize the bulky diisopropylphenyl substituent of N on the left.
5.3. The 1H NMR (pronounce as proton-1-N-M-R) spectrum of 3prot shows a characteristic singlet at 5.02 ppm belonging to the proton at the “carbene” position of the CAAC (pronounce as C-A-A-C) scaffold [1].
5.3.1. Figure 7- Video editor: emphasize the top spectrum at 5.02 ppm.
5.4. The 1H NMR spectrum of compound 3 reveals a significant upfield shift of the NHC methyl groups to 2.53 ppm and 1.39 ppm [1] in relation to the starting material 3prot [2]. This shift is indicative for the elimination of the positive charge on the NHC nitrogen atom and the formation of the olefin 3 [3].
5.4.1. Figure 7- Video editor: emphasize the middle spectrum at 2.53 and 1.39 ppm.
5.4.2. Figure 7- Video editor: emphasize the middle spectrum at 4.26 ppm and 3.55 ppm.
5.4.3. Figure 7- Video editor: emphasize the top and middle spectrum
5.5. The 13C NMR spectrum unambiguously proves the formation of an olefinic dimer by the absence of the carbene signal [1].
5.5.1. Figure 7- Video editor: emphasize the bottom spectrum 180 to 300 ppm.
5.6. 

Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Stephen J. Goodner: The most important thing to remember is proper organization of the sequence of events. One must use care and concentration in adjusting the Schlenk valves, handling the syringes, and exchanging the stoppers [1] [2].
6.1.1. Use 2.4.1 & 2.10.1
6.1.2. INTERVIEW
6.2. Stephen J. Goodner: All reagents and solvents are potentially hazardous and all synthetic efforts must therefore be conducted in a well-ventilated fume hood [1].
6.2.1. INTERVIEW
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