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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.) Step 2.6
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.) Step 2.6 
E.  Will the filming need to take place in multiple locations? (Y/N) Y If yes, how far apart are the locations? I understand that the filming will use both our laboratory for the actual experiment and per your instructions, an interview in a conference room. The conference room and laboratory are in two adjacent buildings a few meters apart. 
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. 
*Note to the Authors: The interview statements have been edited/removed to conform to the specified

length restriction.
A. Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
Author note: The shots were not filmed in sequence. 

1.1. Alex Szpilman: Umpolung of ketone enolates, by virtue of reversing natural reactivity, enables the development of unprecedented reactions to functionalize carbonyl compounds. The key is the formation of electrophilic enolonium species as a discrete species. 
1.2. Alex Szpilman: A main advantage of using methods based on electrophilic enolonium species is that it obviates the need for older multiple step methods, allows the use of commercial starting materials, and is simple to use.  

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Alex Szpilman: We recently had the idea for this method, when we were able to characterize the electrophilic enolonium species for the first time. Over the last year we have developed a series of new reactions based on the two-step protocol presented here. 
1.4. Alex Szpilman: Today we will describe how enolonium species made in the first step can be used in situ in coupling with allyl-silanes, aromatic compounds, chlorides, azides, and azoles. 

1.5. Alex Szpilman: Keep in mind that the implications of this technique extend toward other reactions because the type of nucleophile that may be used is much less restricted than earlier hypervalent iodine based methods. 
1.6. Alex Szpilman: Generally, individuals may be hesitant to use this new method since the concept might appear alien relative to familiar classical reactivity. 
1.7. Alex Szpilman: We therefore hope that the visual demonstration of this method will entice many of you to apply it in your research or join us in developing it further. 
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.6. **Alex Szpilman: Demonstrating the procedure will be Shlomy Arava, a graduate student from our laboratory. 

1.6.1. Interview style: Author saying the above 

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

Protocol: (read by voice talent at JoVE)
2. Preparation of the Enolonium Species
2.1. In a dry round-bottomed flask equipped with a septum and a magnetic stir bar, add 1.5 equivalents of Koser’s reagent and flush the flask with nitrogen or argon [1-MED]. 

2.1.1. Talent shows bottle with Koser’s reagent and adds Koser’s reagent to flask, seals flask with the septum, places flask on stir plate, and flushes flask with inert gas. 
2.2. Add dry dichloromethane dropwise to give a formal concentration of 0.234 millimoles per liter [1-MED-over the shoulder].
2.2.1. Talent adds dichloromethane to flask containing stirring Koser’s reagent.
2.3. Cool the resulting suspension to minus 78 degrees Celsius using a dry ice acetone bath [1-MED]. Then, add 1.5 equivalents of neat boron trifluoride etherate dropwise over 2 to 3 minutes [2-MED-over the shoulder]. 
2.3.1. Talents places flask in dry ice acetone bath.

2.3.2. Talent slowly adds boron reagent to flask. Show boron trifluoride etherate container label in frame if possible.
2.4. Warm the heterogeneous mixture to room temperature…[1-MED] until it becomes a yellow solution, which typically occurs within 5 minutes [2-CU].  
2.4.1. Talent removes flask from acetone bath and leaves it to heat up to room temperature. 
2.4.2. Stirring reaction mixture as it becomes a yellow solution and the solid dissolves.
2.5. Following this, cool the solution to minus 78 degrees Celsius [1-MED-over the shoulder].
2.5.1. Talent places flask in acetone bath.
2.6. To the cooled solution, add 1 equivalent of a previously prepared trimethylsilyl-enolether solution dropwise over 2 to 10 minutes to afford the enolonium species [1-MED-TXT]. 
2.6.1. Talent adds trimethylsilyl-enolether solution to flask. Show trimethylsilyl-enolether container label visible in frame if possible. TEXT: Stable at -78 (C for 30 min. Video Editor: overlay should appear at mention of “enolonium species”.
2.7. Shlomy Arava: This is the most critical step of the protocol. If the TMS enol ether is added too fast, dimerization products form.

2.7.1. Talent speaks toward the camera, interview style.   
3. Functionalization of the Enolonium Species
3.1. Add 2 equivalents of a previously prepared allyl trimethylsilane solution dropwise to the prepared solution of enolonium species at minus 78 degrees Celsius with stirring [1-MED-over the shoulder-TXT]. 
3.1.1. Talent adds allyl-trimethylsilane to flask containing enolonium solution. Show allyl-trimethylsilane container label visible in frame if possible. TEXT: Temp should be below -55 (C during addition. 

3.2. After 5 minutes, remove the cooling bath and allow the reaction mixture to reach room temperature [1-MED-TXT].
3.2.1. Talent removes flask from cooling bath and places it back on stir plate. TEXT: Use TLC to confirm reaction completion.

3.3. Once the reaction is complete, add water to the reaction mixture and transfer to a separatory funnel [1-MED-over the shoulder]. Then, extract three times with dichloromethane, using 2 to 3 times the reaction volume for each extraction [2-MED]. 

3.3.1. Talent adds water to flask 
3.3.2. Talent  transfers mixture to separatory funnel which already contains water, adds dichloromethane to separatory funnel, shakes the funnel, and allows the two layers to separate. Show one extraction.
3.4. Next, wash the combined organic layers twice with brine, using the same volume of brine as the combined reaction volume [1-MED-over the shoulder].
3.4.1. Talent adds brine to separatory funnel containing combined organic layers, shakes the funnel, and allows the two layers to separate. Show one wash.
3.5. After transferring the combined organic layers to a flask, dry with anhydrous sodium sulfate for 30 minutes [1-MED]. 
3.5.1. Talent adds sodium sulfate to flask, swirls the contents, and places flask on lab bench.
3.6. Following this, remove the sodium sulfate by filtration [1-MED-over the shoulder]. Then, remove the solvent on a rotary evaporator under reduced pressure at 40 degrees Celsius [2-MED]. 
3.6.1. Talent filters dried combined organic layers.

3.71 Talent attaches flask to rotary evaporator and turns rotary evaporator on.
3.7. Purify the crude product by column chromatography on silica gel using hexane and ethyl acetate as the eluent to afford the pure corresponding alpha-allyl ketone [1-MED-over the shoulder]. 
3.7.2 Talent adds crude product and eluent to previously prepared column and starts purification.

3.73 Added shot: Shows the column during chromatography
3.8. For the benzyl-dimethyl-decylammonium chloride reaction, add 2 equivalents of a previously prepared chloride solution dropwise to the prepared solution of enolonium species at minus 78 degrees Celsius with stirring [1-MED-over the shoulder-TXT].
3.8.1 Talent adds benzyl-dimethyl-decylammonium chloride to flask containing enolonium solution. Show benzyl-dimethyl-decylammonium chloride container label visible in frame if possible. TEXT: Temp should be below -55 (C during addition. 
3.9 After 5 minutes, remove the cooling bath and allow the reaction mixture to reach room temperature [1-MED-TXT]. 

3.9.1 *Film as written. TEXT: Use TLC to confirm reaction completion.
3.10 Author note: Due to renumbering of the two preceding paragraphs there is no 3.10 and hence it was not filmed
3.11. For azidation, add 2.5 equivalents of neat azidotrimethylsilane dropwise to the prepared solution of enolonium species at minus 78 degrees Celsius with stirring [1-MED-TXT]. 
3.11.1. Talent adds azidotrimethylsilane to flask containing enolonium solution. Show azidotrimethylsilane container label visible in frame if possible. TEXT: Temp should be below -55 (C during addition.
3.12. After 15 minutes, heat the reaction mixture to minus 55 degrees Celsius and stir for 2 to 3 hours until the reaction is complete by TLC [1-MED-over the shoulder-TXT].  
3.12.1. Talent places flask in an acetone bath cooled by a cold finger. TEXT: See text for isolation procedure.
3.13. For the azole reaction, add 4 to 5 equivalents of a previously prepared azole solution dropwise to the prepared solution of enolonium species at minus degrees Celsius with stirring [1-MED-over the shoulder].  [VO Talent note: I’m guessing this is meant to be minus 78 degrees Celsius?]
3.13.1. Talent adds azole to flask containing enolonium solution. Show azole container label visible in frame if possible.
3.14. After 15 minutes, heat the reaction mixture to minus 55 degrees Celsius and stir for 4 to 8 hours until the reaction is complete by TLC [1-MED-TXT]. 
3.14.1. Talent places flask in an acetone bath cooled by a cold finger. TEXT: See text for isolation procedure. 
3.15. For arylation, add 1.6 equivalents of a previously prepared aromatic substrate solution dropwise to the solution of prepared enolonium species at minus 78 degrees Celsius with stirring [1-MED-TXT].
3.15.1. Talent adds aromatic substrate to flask containing enolonium solution. Show aromatic substrate container label visible in frame if possible. TEXT: Equivalents depends on aromatic substrate.
3.16. After the addition of the aromatic substrate is complete, increase the temperature of the mixture to minus 55 degrees Celsius and stir for 20 minutes until the reaction is complete by TLC [1-MED-over the shoulder-TXT].  
3.16.1. Talent places flask in an acetone bath cooled by a cold finger. TEXT: See text for isolation procedure. 
4. Results: Scope of Umpolung Functionalization of Ketones
4.1. A very large range of different ketones may be used successfully in the alpha-functionalization reaction to give the products in good yields as observed for the azidation [1-LM]. 
4.1.1. 57916fig1.jpg: Highlight top left reaction with 2.5 equiv. TMS-N3, -78 to -55 (C, CH2Cl2.

4.2. The scope of the reaction for introducing azoles in the alpha-position of ketones includes most of the common mono-cyclic and bicyclic nitrogen containing heterocycles [1-LM]. The scope of the allylation procedure includes allyl-, crotyl-, and prenyl-trimethylsilane [2-LM]. 
4.2.1. 57916fig1.jpg: Highlight top right reaction with 5 equiv. cyclic nitrogen compound, -78 to -55 (C, CH2Cl2.
4.2.2. 57916fig1.jpg: Highlight middle right reaction with 2 equiv. allyl Si(Me)3, -78 to -55 (C, CH2Cl2.
4.3. The C-arylation procedure works for both indoles and electron-rich benzene derivatives using only 1.5 to 1.6 equivalents of the aromatic substrate [1-LM]. Thiophene, furane and pyrroles are also good substrates, but the products are isolated in slightly lower yields and 5 equivalents of aromatic substrate are required [2-LM]. 
4.3.1. 57916fig1.jpg: Highlight bottom right reaction with 1.6-5 equiv. Aryl-H or Heteroaryl-H, -78 to -55 (C, CH2Cl2.
4.3.2. 57916fig1.jpg: Continue highlighting bottom right reaction with 1.6-5 equiv. Aryl-H or Heteroaryl-H, -78 to -55 (C, CH2Cl2. Highlight bottom product with 30-77% yield, X=O, S, NH.
5. Conclusion (said by authors on camera)
5.1. Alex Szpilman: Once mastered, both steps of the protocol can be done in less than five hours for most of the reactions and overnight for the azole coupling if it is performed properly.
5.2. Shlomy Arava: While attempting this procedure, it’s important to remember to add the TMS enol ether slowly when making the enolonium species to avoid dimerization of the enol ether as a side reaction.
5.3. Shlomy Arava: Don’t forget that working with azides can be hazardous and appropriate precautions, such as limiting the scale, should always be taken.
5.4. Shlomy Arava: Following the allylation procedure, you can add a prenyl group to make a quaternary center, which is something that cannot be done using other methods.
5.5. Shimon Maksymenko: Using the arylation procedure means that you don’t need to worry about using a transition metal catalyst or a halogenated aromatic starting material. Just use a commodity aromatic substrate.
5.6. Alex Szpilman: After watching this video, we hope that the enolate umpolung will be a familiar concept to you and that you will be tempted to develop new reactions of your own.   
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.  

6.2 – 57916fig1.jpg – colored image depicting the general scope of the methods reported in the paper.
This is the general scheme in the paper that can be used when discussing the scope of the reaction.
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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