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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N  

Can you record movies/images using your own microscope camera? (Y/N) N/A  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
Setting up a microwave-heated reaction (and cooling): Steps 2.1 and 2.3 in the script will show users proper technique for loading and sealing a microwave vial. Step 2.4 (cooling of the reaction with compressed air) is done automatically by the reactor, but a video shot of the setup might clarify exactly what we mean by air-cooling.
Use of automated column-chromatography:  Steps 2.6 and 2.7 in script. Since we prefer this method to the more commonplace conventional column chromatography, video shots of how we load our compound onto the cartridges used for automated chromatography would be helpful.

Addition of catalytic TMSCl: Step 6.2 in script. I get questions about this a lot, since we only add “1 drop” of pure TMSCl to the reaction vessel. While the exact amount seems to have little effect on the outcome, we standardized the 1 drop by using a specific type of syringe and needle. A close-up shot of the needle, tip, and drop might be helpful to viewers.

D.  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.) 
The most difficult aspect of this procedure is handling the product of protocol #2. After purification (step 3.4 in the script), the resulting product 3a must be used immediately in subsequent protocols (sections #4-6 in the script) for the best results. This is due to the relatively short half-life of 3a both when stored neat and in solution. Thus, to ensure success, we avoid subjecting 3a to acidic solutions (e.g. non-neutralized CDCl3) and/or storage, and budget enough time in the day to set up the next experiment (sections #4-6 in the script) immediately.

E.  Will the filming need to take place in multiple locations? (Y/N) N If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this report is to demonstrate an efficient methodology for accessing N-(2-alkoxyvinyl)sulfonamides, a synthetically versatile functional group, and illustrate several reactions that convert this group into valuable heterocycles, such as phthalans and phenethylamines. (Intro) 
Pronunciation of chemical name: N 2 alkoxy vinyl sulfon amides (you can hear me pronounce it in the interview statement 1.2 below)  note:  I pronounce the last part of “amides” as rhyming with “bids”, but others pronounce it as rhyming with “bides”; both are ok so feel free to use whichever is natural for you.
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Max Majireck: This method illustrates some general techniques for handling unstable synthetic intermediates, such as acid-sensitive organic compounds.

1.2. Max Majireck: The main feature of our technique is the efficient generation of N-(2-alkoxyvinyl)sulfonamides, which enables chemists to explore the synthetic potential of this valuable N- and O-containing synthon. 
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. **Max Majireck: Demonstrating the procedure will be Giovanny Dominguez, an undergraduate student from my laboratory. 

1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or 
Protocol: (read by voice talent at JoVE)
2. Synthesis of N-Tosyl Triazole 2a:  2-(1-tosyl-1H-1,2,3-triazol-4-yl)phenyl)methanol

2.1. First, add 139 milligrams of 2-ethynylbenzyl alcohol and 20 milligrams of copper thiophenecarboxylate to an oven-dried microwave vial containing a magnetic stir bar [1-WIDE/MED-TXT]. Seal the vial securely with a septum cap and crimper [2-CU].   
2.1.1. *Film as written. TEXT: 139 mg 2-ethynylbenzyl alcohol, 20 mg CuTC.

2.1.2. *Film as written.
2.2. Remove air from the vial under vacuum and refill with argon gas three times [1-MED]. Then, add 4 milliliters of anhydrous chloroform via syringe and commence magnetic stirring [2-MED-over the shoulder].
2.2.1. *Film as written. 

2.2.2. *Film as written.
2.3. Next, add 0.15 milliliters of p-toluenesulfonyl azide dropwise via syringe [1-CU-TXT]. Heat the sealed microwave vial in a microwave reactor at 100 degrees Celsius for 15 minutes [2-MED-over the shoulder-TXT]. 
2.3.1. Vial as talent adds reagent to it. TEXT: TsN3 can be explosive; handle with PPE.

2.3.2. Talent places vial in microwave reactor and inputs parameters. TEXT: Parameters may vary depending on reactor.  
2.4. Once the reaction is complete, rapidly cool the vial to room temperature using a stream of compressed air…[1-CU/MED] and transfer the reaction mixture to a 100 milliliter round-bottomed flask [2-MED-over the shoulder-TXT]. 
2.4.1. Microwave reactor as vial is cooled to room temperature.

2.4.2. *Film as written. TEXT: Wash vial to remove residual product.
2.5. Add approximately 1.5 grams of silica gel to the round-bottomed flask… [1-MED] and remove the solvent using a rotary evaporator. [2.5.2.]
2.5.1. Talent adds silica gel to flask, attaches flask to rotary evaporator, and turns rotary evaporator on.
2.5.2. Added shot: attaches flask to rotary evaporator, and turns rotary evaporator on. Note from the authors: We just broke this shot up so that the silica gel (inhalation hazard) could be added in the fumehood instead of right by our rotovap, which is outside of the fumehood.
2.6. Following this, tightly pack the silica gel adsorbed with the crude product into a solid load cartridge…[1-CU] and attach to a 12 gram pre-packed silica gel column for automated flash chromatography [2-MED].
2.6.1. Cartridge as talent loads silica gel in it.
2.6.2. *Film as written.
2.7. Run the column using a continuous gradient of 0 to 100 percent ethyl acetate in hexanes over 15 minutes by beginning with pure hexanes and ending with pure ethyl acetate [1-MED-over the shoulder]. After the purification is complete, collect the major peak as indicated by UV absorbance at 254 nanometers [2-MED]. Then, concentrate the combined fractions in vacuo using a rotary evaporator to obtain the purified triazole product as an off-white solid [3-MED-over the shoulder].
2.7.1. Talent sets up run in system, with chromatography settings visible in frame if possible. 

2.7.2. Talent checks UV spectrum to determine the fractions to collect and transfers the fractions to a round-bottomed flask.
2.7.3. Talent attaches flask to rotary evaporator and turns it on.
3. Synthesis of N-(2-alkoxyvinyl)sulfonamide Phthalan 3a: (Z)-N-(isobenzofuran-1(3H)-ylidenemethyl)-4-methylbenzenesulfonamide

3.1. Under argon atmosphere, dissolve 152 milligrams of the purified triazole in 1 milliliter of anhydrous chloroform [1-MED-TXT] and transfer the resulting solution to a sealed microwave vial containing rhodium acetate dimer and a magnetic stir bar. [3.1.1.1.] Rinse the flask containing residual triazole two times with 2 milliliters of chloroform and transfer to the microwave vial to ensure that all starting material is transferred [2-MED-over the shoulder].  
3.1.1. *Film as written. TEXT: 4.6 mg Rh2(AcO)4. (Video Editor: overlay should appear at mention of “rhodium acetate dimer”).
3.1.1.1 Added shot: transfer

3.1.2. Talent adds chloroform to flask, rinses flask, and transfers the chloroform to the vial. 
3.2. Following this, heat the sealed microwave vial in a microwave reactor at 100 degrees Celsius for 1 hour [1-MED]. 
3.2.1. Talent places vial in microwave reactor and inputs parameters.
3.3. Once the reaction is complete, rapidly cool the reaction vial to room temperature quickly using a stream of compressed air [1-CU/MED]. Then, filter the cooled reaction mixture through a short plug of silica gel, eluting with ethyl acetate [2-MED-over the shoulder].
3.3.1. Microwave reactor as vial is cooled to room temperature.

3.3.2. *Film as written.
3.4. Concentrate the filtrate in vacuo using a rotary evaporator with a warm water bath to obtain the phthalan product in sufficient purity to be used immediately for subsequent reactions [1-MED-TXT]. [3.4.2.]
3.4.1. Talent transfers filtrate to round-bottomed flask, attaches flask to rotary evaporator, and turns rotary evaporator on. TEXT: Purify by column chromatography if necessary. (Video Editor: overlay should appear at mention of “sufficient purity”).

3.4.2. Added shot: attaches flask to rotary evaporator, and turns rotary evaporator on. Note from the authors: We just broke this shot up so that the silica gel (inhalation hazard) could be added in the fumehood instead of right by our rotovap, which is outside of the fumehood.
4. Synthesis of Phthalan 4: N-((1,3-dihydroisobenzofuran-1-yl)methyl)-4-methylbenzenesulfonamide

4.1. Under argon atmosphere, dissolve 211 milligrams of the freshly prepared phthalan in 15 milliliters of absolute ethanol in a 25 milliliter round-bottom flask containing a magnetic stir bar [1-MED]. 
4.1.1. *Film as written.
4.2. Add 149 milligrams of 10 weight percent palladium on carbon to the flask, taking care to minimize exposure to air [1-MED-over the shoulder-TXT]. 
4.2.1. *Film as written. TEXT: Ensure inert conditions to prevent Pd/C igniting. 
4.3. Next, fill a standard latex balloon securely attached to a syringe with hydrogen gas, taking care not to exceed the recommended capacity of the balloon [1-MED]. Attach the balloon and syringe to the reaction vessel using a needle to penetrate the septum [2-MED-over the shoulder].
4.3.1. *Film as written.

4.3.2. *Film as written.
4.4. To replace the argon atmosphere with hydrogen, apply a weak vacuum to the reaction flask while pinching off the balloon [1-MED]. Stop the vacuum and refill the flask with hydrogen gas [2-MED-over the shoulder-TXT]. 
4.4.1. *Film as written.

4.4.2. *Film as written. TEXT: Repeat 2x. 
4.5. After stirring the reaction mixture for 24 hours, remove the balloon [1-MED]. Purge the flask with argon gas and filter the solution through a silica gel plug, eluting with ethyl acetate [2-MED-over the shoulder]. Then, concentrate the filtrate in vacuo to provide the phthalan product [3-MED].  
4.5.1. *Film as written.

4.5.2. *Film as written.

4.5.3. Talent transfers filtrate to round-bottomed flask, attaches flask to rotary evaporator, and turns rotary evaporator on.

5. Synthesis of Phenethylamine 5: N-(2-(hydroxymethyl)phenethyl)-4-methylbenzenesulfonamide
5.1. Under argon atmosphere, dissolve 169 milligrams of the freshly prepared phthalan in 5 milliliters of diethyl ether in a 10 milliliter round-bottom flask containing a magnetic stir bar [1-MED].
5.1.1. *Film as written.
5.2. Cool the reaction mixture to 0 degrees Celsius using an ice-water bath…[1-MED-over the shoulder] and slowly add 0.52 milliliters of a 60 weight percent solution of sodium bis(2-methoxyethoxy)aluminum hydride in toluene [2-CU-TXT]. Stir the reaction for 18 hours at room temperature [3-MED]. 
5.2.1. *Film as written. 
5.2.2. Flask as talent adds hydride to stirring reaction mixture. TEXT: Hydride reacts with H2O; ensure moisture-free, inert conditions.

5.2.3. Talent removes ice-water bath and monitors stirring reaction.
5.3. Once the reaction is complete, cool the reaction mixture to 0 degrees Celsius with an ice-water bath [5.3.1.] and carefully add 0.5 milliliters of methanol dropwise over 2 minutes [1-MED-over the shoulder-TXT]. 
5.3.1. Added shot: showing talent placing the reaction flask back into an ice-water bath.
5.3.2. *Film as written. TEXT: MeOH addition is exothermic; ensure cold conditions. 
Note on addition of MeOH:  Addition of MeOH was exceptionally reactive for this shoot.  This is because we added to the reaction ~5 min after setting it up, rather than after 18 h (as we would for the actual protocol) when the hydride reagent is much less reactive.  If possible, we’d prefer to only show the first several drops, which were very bubbly (showing that the reagent is being quenched) and then cut to the last few drops (which are much less effervescent).  The drops in the middle were too effervescent and not at a safe enough level to show viewers of this article.
5.4. After stirring for 2 minutes at 0 degrees Celsius, add 0.6 milliliters of saturated aqueous ammonium chloride [1-MED].  Remove the ice-water bath and stir for 5 minutes at room temperature [2-MED-over the shoulder].
5.4.1. *Film as written.

5.4.2. *Film as written.
5.5. Following this, pour the resulting solution into a separatory funnel containing 90 milliliters of 1 molar hydrochloric acid [1-MED]. Extract the aqueous layer three times with 60 milliliters of ethyl acetate [2-MED-over the shoulder].
5.5.1. *Film as written.

5.5.2. Talent adds ethyl acetate to separatory funnel, shakes the funnel, and collects the bottom aqueous layer in a flask. Show one extraction only.
5.6. Wash the combined organic layers with 30 milliliters of water and 30 milliliters of brine [1-MED]. Then, add sodium sulfate to remove residual water from the solution [2-MED-over the shoulder].

5.6.1. Talent adds water to separatory funnel containing combined organic layers, shakes the funnel, and collects the bottom aqueous layer in a flask. Show one wash only.

5.6.2. *Film as written.

5.7. Filter off the sodium sulfate using a Buchner funnel [1-MED]. After washing the sodium sulfate to remove residual product, [2-MED-over the shoulder-TXT] concentrate the filtrate in vacuo using a rotary evaporator to obtain the phenethylamine product [5.7.3.]
5.7.1. *Film as written.

5.7.2. Talent transfers filtrate to round-bottomed flask, attaches flask to rotary evaporator, and turns rotary evaporator on. TEXT: Purify by column chromatography if necessary.
5.7.3. Added shot: attaches flask to rotary evaporator, and turns rotary evaporator on. Note: We just broke this shot up so that the silica gel (inhalation hazard) could be added in the fumehood instead of right by our rotovap, which is outside of the fumehood.
6. Synthesis of Ketal 6c: N-((1-(2-hydroxyethoxy)-1,3-dihydroisobenzofuran-1-yl)methyl)-4-methylbenzenesulfonamide
6.1. Under air atmosphere, dissolve 211 milligrams of the freshly prepared phthalan in 2 milliliters of ethylene glycol In a 10 milliliter round-bottomed flask containing a magnetic stir bar and commence stirring [1-MED].
6.1.1. *Film as written.
6.2. Using a 1 milliliter syringe equipped with an 18 gauge needle…[1-MED-over the shoulder], add 1 drop of trimethylsilyl chloride to the stirring solution [2-CU].  
6.2.1. Talent attaches needle to flask.

6.2.2. Flask as talent adds reagent to stirring solution.

6.3. After stirring the reaction mixture for 18 hours at room temperature, perform the work-up and purification steps as indicated in the text protocol…[1-MED-over the shoulder] to obtain the purified ketal product as an off-white solid [2-CU].  
6.3.1. Talent removes flask containing purified product from the rotary evaporator.
6.3.2. Close-up shot of the product in the flask.
7. Results: Characterization of N-(2-alkoxyvinyl)sulfonamides and Derivatives
7.1. In the proton NMR spectrum of triazole 2a, the characteristic C5 proton appears at 8.45 ppm as a singlet [1-LM]. The mass spectrum generally shows both the mass plus proton peak and the peak corresponding to the loss of dinitrogen [2-LM].  
7.1.1. 56848fig3.jpg, 56848fig3large.jpg, Figure 3.pdf: Show figure 3a and highlight peak at 8.45 ppm when mentioned in voiceover. At the same time, highlight the carbon atom in the five-membered triazole ring that is adjacent to the “N-Ts” moiety for the C5 proton. 
7.1.2. 56848fig3.jpg, 56848fig3large.jpg, Figure 3.pdf: Show figure 3c and highlight the peak labeled 329.9 at mention of “mass plus proton peak” and the peak labeled 302.1 at mention of “peak corresponding to the loss of dinitrogen”.
7.2. The proton NMR spectrum of phthalan 3a shows two doublets at 6.07 and 6.25 ppm corresponding to the vinyl and NH protons, respectively [1-LM]. In the carbon NMR spectrum, a key resonance is observed at 94.9 ppm that corresponds to the exocyclic vinyl carbon [2-LM]. 
7.2.1. 56848fig4.jpg, 56848fig4large.jpg, Figure 4.pdf: Show figure a and highlight peaks at 6.06/6.08 and 6.24/6.26 ppm at mention of “two doublets at 6.07 and 6.25 ppm”. At the same time, highlight the carbon atom adjacent to the “NHTs” moiety for the vinyl proton and the hydrogen atom attached to the nitrogen atom for the NH proton.
7.2.2. 56848fig4.jpg, 56848fig4large.jpg, Figure 4.pdf: Show figure b and highlight peak at 94.85 ppm at mention of “a key resonance is observed at 94.9 ppm”. At the same time, highlight the carbon atom adjacent to the “NHTs” moiety for the exocyclic vinyl carbon.
7.3. The proton NMR spectrum of compound 4, which maintains the bicyclic phthalan substructure, shows signals at 3.49 and 3.14 ppm corresponding to the diastereotopic methylene protons [1-LM]. The proton NMR spectrum of phenethylamine 5 displays the same methylene as a quartet at 3.27 ppm due to free rotation in the ring-opened product resulting in first-order splitting patterns [2-LM]. 
7.3.1. 56848fig6.jpg, 56848fig6large.jpg, Figure 6.pdf: Show figure a and highlight peaks at 3.49 and 3.14 ppm when mentioned in voiceover. At the same time, highlight the carbon adjacent to the “NHTs” moiety for the diastereotopic methylene protons.
7.3.2. 56848fig7.jpg, 56848fig7large.jpg, Figure 7.pdf: Show figure a and highlight peak at 3.27 ppm when mentioned in voiceover. At the same time, highlight the carbon adjacent to the “NHTs” moiety for methylene protons.
7.4. For compounds 6a through 6e, a characteristic carbon NMR signal corresponding to the ketal, hemiketal or thioketal carbon is found between 95 and 110 ppm, such as the peak at 110 ppm observed in the carbon NMR spectrum of 6c [1-LM]. The mass spectra typically show a relatively small mass plus proton peak and a larger alkoxy or thioalkyl elimination fragment peak [2-LM].  
7.4.1. 56848fig8.jpg, 56848fig8large.jpg, Figure 8.pdf: Show figure b and highlight peak at 110.91 pm at mention of “such as the peak at 110 ppm observed in the carbon NMR spectrum of 6c”. At the same time, highlight the carbon atom in 6c that is in the 5-membered ring and between the two oxygen atoms.

7.4.2. 56848fig8.jpg, 56848fig8large.jpg, Figure 8.pdf: Show figure c and highlight the peak labeled 364.6 at mention of “small mass plus proton peak” and the peak labeled 302.0 at mention of “larger alkoxy or thioalkyl elimination fragment peak”.
8. Conclusion (said by authors on camera)
*Note to Authors: Please assign an author to each statement below.
8.1. Author Name: After watching this video, you should have a good understanding of how to generate N-(2-alkoxyvinyl)sulfonamides from readily accessible N-sulfonyl-1,2,3-triazoles.  
8.2. Author Name: When preparing N-(2-alkoxyvinyl)sulfonamides, it is important to budget enough time following synthesis and isolation of these compounds for use in subsequent reactions, due to potential instability.
8.3. Author Name: We encourage researchers to expand upon the synthetic versatility of this functional group toward production of valuable N- and O-containing compounds.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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