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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) __No__ If yes, please list make and model of your microscope: ______________________________
**Note:  This question is to get at whether or not you will need a camera hook-up to look into the microscope.  However, if your microscope has a digital camera attached to a computer, you can gather these shots by collecting screen capture movies. 
Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) __No__ 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) _No_ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__________________________
i) Protocol 1.1): Judging the starting material purity & suitability by its colour.
ii) Protocol 1.2) – 1.7), especially 1.6): setting up the apparatus and irradiating it with light under an atmosphere of oxygen.
iii) Protocol 1.8)-1.9): isolation of peroxide product
iv) Protocol 2.1)-2.4): coupling step in methanol, precipitation of product
v) Protocol 3.1)-3.3) and 3.7): coupling step in acetic acid, no precipitation of product
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The tetrahydrocarbazole starting material should be colourless, otherwise the photochemical oxidation step (1.6) will not work. If it is too strongly coloured, it can be purified prior to the oxidation step. Judgement of suitable purity can be done by the colour of the material.

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:
The overall goal of the following experiment is to show the usefulness of a new concept called CHIPS (TEXT: CHIPS = C-H functionalization via Intermediate PeroxideS), using only visible light, oxygen and catalysis to functionalize C-H bonds via intermediate hydroperoxides. (Intro) 

This is achieved by irradiating a solution of a tetrahydrocarbazole with visible light in the presence of catalytic amounts of a photoinitiator to form a hydroperoxide by reaction with singlet oxygen. (P1, show first compound on the left in top “Concept” reaction scheme. Then make “Initiator”, “O2” and “hV” image appear. Following this, make “-H” disappear and become “-OOH” to look like the middle compound.)

As a second step, the hydroperoxide is treated with catalytic amounts of an acid in the presence of an aniline, which facilitates the nucleophilic substitution of the hydroperoxide group by the aniline nucleophile. (P2, show “-OOH” compound from P1. Then make “[H+]”, “H-Nu” and “-H2O2” image appear. Following this, make “-OOH” disappear and become “-Nu” to look like the right compound.)  

Next, chromatography of the reaction mixture is needed or, as is often the case, simply filtration of the precipitate, in order to isolate the pure product. (P3, show “-Nu” compound from P2 and make the words “chromatography or purification” appear underneath or next to it.)

The results are show how pharmaceutically active compounds can be synthesized by the concept of CHIPS, requiring only catalysts, visible light and oxygen. (P4, show bottom “Proof-of-concept experiment” reaction scheme. If possible, show compounds 4a-4d from Figure 4 underneath the reaction scheme and make these compounds appear after the reaction scheme has appeared on the screen.)

Video Editor: Use Schematic Overview_51504_Klussmann-1.pptx


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Naeem Gulzar: The main advantage of this technique over existing methods, requiring expensive metal catalysts or synthetic reagents, is that we use cheap and environmentally friendly oxygen and visible light.
1.2. [bookmark: _GoBack]Martin Klussmann: The implications of this technique extend toward the application to other substrate classes, a goal we are currently pursuing.  


Protocol (read by voice talent at JoVE):
2. Synthesis of Tetrahydrocarbazole Hydroperoxides
2.1. Prior to starting this procedure, purify the desired tetrahydrocarbazole if it is colored using recrystallization or column chromatography to obtain a colorless starting material (TEXT: See text protocol for additional details on purification conditions). Weigh out 1g of the tetrahydrocarbazole into a 250 mL flask. Then, add 100 mL of toluene to the flask.
2.1.1. MED: Talent walks up to the hood or bench with labeled containers of colorless and colored tetrahydrocarbazoles and sets them down.
2.1.2. CU: Labeled container of desired colorless tetrahydrocarbazole in the hood or on the bench next to a labeled container of the colored tetrahydrocarbazole to show the visual difference between pure and impure material.
(Comment: I have included a picture explaining the different batches that were filmed (“Protocol 2-1-2_Starting material purity.pdf”). The photo does not have a great resolution, but you should be able to correlate it with the shot taken. Maybe you could add labels as shown in this picture to the film?)

[image: ]
2.1.3. A: MED-over the shoulder: Talent adds appropriate tetrahydrocarbazole to flask on balance 
Added shot: 2.1.3.A: Talent weighs appropriate tetrahydrocarbazole onto filter paper on balance
Added shot: 2.1.3.B: Talent adds appropriate tetrahydrocarbazole to flask.
2.1.4. MED: Talent adds toluene to flask containing tetrahydrocarbazole.
2.2. Add 2 mg of Rose Bengal to the reaction mixture. After adding a stir bar, cover the flask with a septum.
2.2.1. CU: Reaction mixture in flask as talent adds Rose Bengal to it.
2.2.2. MED: Talent covers flask with septum.
2.3. Next, insert an oxygen balloon through the septum to keep a positive pressure of oxygen atmosphere on the reaction.    
2.3.1. MED-over the shoulder: Talent inserts oxygen balloon through the septum via a needle.
2.4. Irradiate the reaction mixture with LED’s or a 23-watt lamp for 1-3 hours. Check the progress of the reaction by proton NMR using deuterated dimethylsulfoxide.    (Comment: in the shot, irradiation was performed with LED’s instead of a 23 W lamp. Both work but the lamp could not be used on that day)
2.4.1. MED-over the shoulder: Talent positions lamp near flask containing reaction mixture and turns it on. (Videographer: If weather permits and safety concerns are ok, show talent placing flask on window sill to demonstrate how sunlight shines into the flask).
Added shot: 2.4.1.B: CU of illuminated flask. Just a suggestion for use in the final film.
2.4.2. MED: Talent walks up to NMR instrument and places NMR sample tube in it.
Added shot: 2.4.2.B: CU of the above. Just a suggestion for use in the final film.
2.5. Once the reaction is complete, filter the precipitated solid. Wash the solid with pentane in order to remove most of the toluene. After transferring the solid to a round bottom flask, dry it under reduced pressure.    
Added shot: 2.5.1.A: CU of reaction flask after illumination showing the solid that has formed
2.5.1. MED-over the shoulder: Talent pours reaction mixture into a fritted glass funnel under vacuum. (Comment: shot labeled “2.5.1.B”. Includes the additional detail “talent adds pentane to it”. This action could either be shown as filmed in here or as filmed in 2.5.2.)
2.5.2. CU: Solid in fritted glass funnel as talent adds pentane to it.
2.5.3. MED: Talent attaches the round bottom flask containing the solid to the manifold and opens the vacuum valve.
3. Coupling Reaction – Method A Using 10 mol% Trifluoroacetic Acid in Methanol
3.1. At this point, weigh out 0.49 mmol of the isolated hydroperoxide and 0.49 mmol of the desired aniline nucleophile into a 12 mL vial.
3.1.1. MED-over the shoulder: Talent adds appropriate reagents to vial on balance.	   
3.2. Add 10 mL of methanol, 3.74 μL of trifluoroacetic acid, and a stir bar to the vial. Then, close the container with a cap and stir the reaction mixture at room temperature for 4 hours.    
3.2.1. MED: Talent adds appropriate reagents and stir bar to the vial. (Comment: added action: Talent closes the vial with a cap, and turns the stir function on. All performed with vial on a stir plate from the beginning).
3.2.2. MED-over the shoulder: Talent closes the vial with a cap, places the vial on a stir plate, and turns the stir function on.
3.3. For products that precipitate over the course of the reaction, filter the precipitated solid to obtain the desired product (TEXT: See text protocol for isolation procedure for products that do not precipitate). Wash the product three times with 0.5 mL of methanol.    
Added shot: 3.3.1.A: CU showing precipitate that has formed.
3.3.1. MED: Talent pours reaction mixture into glass funnel containing filter paper. (Comment: this shot was labeled “3.3.1.B”)
3.3.2. CU: Precipitated product in glass funnel as talent adds methanol to it.
3.4. To obtain a second fraction of product, evaporate the methanol from the filtrate. When finished, dissolve the crude product in 5 mL of ethyl acetate.  If necessary, heat gently at 40°C until the solution becomes homogeneous. After that, add 3-5 mL of pentane to precipitate the pure product. (Comment: heating at 40°C was not filmed).
3.4.1. MED: Talent attaches round bottom flask containing methanol to rotary evaporator and turns it on.
3.4.2. MED-over the shoulder: Talent adds ethyl acetate to the crude product in the round bottom flask, places it on a hot plate and turns the temperature control on. and stirs it until everything is dissolved. After that, pentane is added.
3.4.3. CU: Cooled solution in flask as talent slowly adds pentane to show pure product precipitating out of solution. (Comment: not filmed as such. Instead: CU of precipitate that has formed after addition of pentane.)
3.5. Following filtration of the pure product, combine the different fractions of the product and dry them under high vacuum.	
3.5.1. MED: Talent adds solid product fractions into a round bottom flask. 
3.5.2. MED-over the shoulder: Talent attaches the round bottom flask containing the combined solids to the manifold and opens the vacuum valve.
4. Coupling reaction – Method B Using Acetic Acid
4.1. Next, weigh out 0.49 mmol of the synthesized hydroperoxide and 0.49 mmol of the desired aniline nucleophile into a 12 mL vial.    
4.1.1. MED: Talent adds appropriate reagents to vial on balance.
4.2. Add 10 ml of acetic acid and a stir bar to the vial. After closing the container with a cap, stir the reaction mixture at room temperature for 4 hours.   
4.2.1. CU: Vial containing hydroperoxide and aniline nucleophile as talent adds acetic acid and stir bar to it. (Comment: combined with action from 4.2.2.: all performed on a stirring plate, stir function turned on at the end).
4.2.2. MED: Talent places the vial on a stir plate and turns the stir function on.
4.3. For products that do not precipitate, evaporate the solvent directly by using a rotary evaporator (TEXT: See text protocol for isolation procedure for products that precipitate during reaction). Following this, purify the residue by silica gel column chromatography using a 95:5:5 ratio of hexanes, ethyl acetate, and triethylamine to obtain the desired product. 
4.3.1. MED-over the shoulder: Talent attaches flask containing reaction mixture to rotary evaporator and turns it on.
4.3.2. MED: Talent adds crude residue to silica gel column.
4.3.3. MED-over the shoulder: Talent collects fractions containing product from column.
5. Results: Synthesis of Pharmaceutically Active Tetrahydrocarbazoles 
5.1. This protocol demonstrates how tetrahydrocarbazoles can be conveniently functionalized by CHIPS. This method utilizes aniline nucleophiles to synthesize coupling products, including pharmaceutically active compounds, in a two-step procedure (TEXT: See text protocol for spectral characterization of synthesized compounds).	
5.1.1. LAB MEDIA: Figure 4 (MK-CHIPS_Figure 4.tif) (Video Editor: Show top reactions only for first sentence. Then make compounds 4a-4d appear for second sentence.) 
5.2. The first step is a photocatalyzed oxidation of tetrahydrocarbazole 1 or its derivatives with elemental oxygen, giving hydroperoxide 2. If performed in toluene, the hydroperoxide products precipitate and can be conveniently isolated by filtration. 
5.2.1. LAB MEDIA: Figure 4 (MK-CHIPS_Figure 4.tif) (Video Editor: Highlight first reaction showing the transformation from compound 1 to compound 2 for first sentence. Gray out the remaining figure, including the second reaction showing the transformation of compound 2 to compound 4 and compounds 4a-4d for this sentence. For the second sentence, make the text color for toluene turn red (or another color) to highlight it.)  
5.3. In the second step, hydroperoxide 2 is treated with aniline 3 to furnish product 4 by acid-catalyzed substitution. Either a catalytic amount of trifluoroacetic acid in methanol is used, or the reaction is performed in acetic acid without any catalyst. Products 4a-c precipitate from the reaction and can be isolated by filtration with no additional purification. For products such as 4d that do not precipitate, column chromatography is used for purification and isolation.
5.3.1. LAB MEDIA: Figure 4 (MK-CHIPS_Figure 4.tif) (Video Editor: Highlight second reaction and gray out the remaining figure including “Method A: 10 mol% trifluoroacetic acid, MeOH” and “Method B: acetic acid (acid & solvent)” for first sentence. Highlight “Method A: 10 mol% trifluoroacetic acid, MeOH” and then “Method B: acetic acid (acid & solvent)” for second sentence, keeping compounds 4a-4d grayed out. If possible, make the text color for the aforementioned labels turn red (or another color) for this sentence. Highlight and draw a square around compounds 4a-4c for third sentence. Highlight and draw a square around compound 4d for last sentence.)

6. Conclusion (said by authors on camera)
6.1. Naeem Gulzar:  This technique can be done in a single day, including the two chemical steps, workup and drying, if it is performed properly.
6.2. Martin Klussmann: Although we never faced any problems with these compounds, don’t forget that peroxides are potentially explosive. Take precautions, for example never heat the neat peroxides. (or so, filmed in slight variations of this, I think).


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, 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.

SchematicFig – authors, please include a schematic figure to correlate with the narrative
overview text in section 1A. See attached instructions.


Regarding the additional comments/ideas from our side previously added to the script:
· For the part of assessing the quality of the starting material (Protocol 1.1 in the manuscript, “single most difficult aspect”), we were thinking of showing different batches of starting material and then commenting on the suitability (e.g. arrows pointing to the “good” batches or so)
· For the photochemical oxidation step (Protocol part 2.4 above), an alternative we would like to show is the use of sunlight. If weather permits and safety concerns are ok, we could show how sunlight shines into the round bottom flask, or how the round bottom flask sits on a window sill. – Did not work out, because of the weather
· For the photochemical and/or the coupling step (Protocol part 2 and 3 above), we were thinking of showing the reaction progress by fast motion/time lapse photography. It takes a few hours for product formation, during which a precipitate forms in the initially homogeneous solution. We are currently testing this, to get a better idea of suitable setups and the time it takes for precipitation. – did not work out


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, as well as an introduction to your videographer, closer to your filming date.
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