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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________

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

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.) ____1.1.4, 1.2.4, 1.2.5, 2.1_______________________________________

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.) ____1.1.4, 1.2.4_______________________

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 protocol is to synthesize novel ortho-trifluoromethoxylated anilines (pronounced as “awr-thoh trahy-flohr-oh-muh-thok-see-ley-tid an-l-ins”) for the discovery and development of new drugs, agrochemicals (pronounced as “ag-ruh-kem-i-kuh ls”), and functional materials. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Pengju Feng: This method can help answer key questions in the field of fluorine chemistry, such as how incorporation of the trifluoromethoxy group into a molecule affects its physical, chemical, and biological properties [1.1.1 – MED]. 
1.1.1. Pengju speaks toward the camera, interview style.
1.2. Pengju Feng: The main advantage of this technique is that our protocol uses easy-to-handle reagents, is amenable to gram-scale synthesis, and has a broad substrate scope and high functional group tolerance [1.2.1 – MED].   
1.2.1. Pengju speaks toward the camera, interview style.
Protocol (read by voice talent at JoVE):

2. Precursor preparation: Synthesis of methyl 4-(N-hydroxyacetamido)benzoate
2.1. For the reduction of methyl 4-nitrobenzoate, add 5.00 grams of methyl 4-nitrobenzoate, 159 milligrams of 5% Rhodium on carbon, and a magnetic stir-bar into an oven-dried 250 milliliter two-necked round-bottom flask [2.1.1 – MED – TXT].
2.1.1. Talent adds methyl 4-nitrobenzoate, 5% Rhodium on carbon, and a magnetic stir-bar into an oven-dried 250 milliliter two-necked round-bottom flask.  Use labeled containers.  TEXT Overlay (show at the beginning of the narration): Reduction of methyl 4-nitrobenzoate
2.2. Connect one neck of the flask to a nitrogen/vacuum manifold and cap the other neck with a septum [2.2.1 – CU].  Perform three vacuum-refill cycles to replace the air in the flask with nitrogen gas [2.2.2 – MED-over the shoulder – TXT].
2.2.1. Flask as talent connects one neck to a nitrogen/vacuum manifold and caps the other neck with a septum.
2.2.2. Talent performs a vacuum-refill cycle with nitrogen gas.  TEXT overlay:  repeat vacuum-refill cycle 3x
2.3. Then, add 138 milliliters of anhydrous tetrahydrofuran (pronounced “te-truh-hahy-druh-fyoo r-an”) to the reaction flask using an airtight syringe [2.3.1 – CU].  Cool and stir the reaction mixture at 0 degrees Celsius for 15 minutes [2.3.2 – MED-over the shoulder].
2.3.1. Flask as talent adds the anhydrous tetrahydrofuran to the reaction flask using an airtight syringe.  Use labeled containers.
2.3.2. Talent places the reaction flask to cool and stir at 0 degrees Celsius.
2.4. Next, add 1.52 grams of hydrazine (pronounced as “hahy-druh-zeen”) monohydrate dropwise to the reaction mixture at 0 degrees Celsius using an airtight syringe [2.4.1 – MED].  At this point, Rhodium on carbon will start aggregation to form larger particles [2.4.2 – CU].
2.4.1. Talent adds the hydrazine monohydrate dropwise to the reaction mixture at 0 degrees Celsius using an airtight syringe.  Use labeled containers.
2.4.2. Solution in reaction flask as larger particles begin to appear in solution.
2.5. Monitor the reaction using thin layer chromatography, or TLC [2.5.1 – MED-over the shoulder].  Use a mixture of hexane and ethyl acetate as an eluent to develop the TLC [2.5.2 – CU – TXT].
2.5.1. Talent applies the reaction solution to the TLC plate.
2.5.2. TLC plate as talent places in the hexane and ethyl acetate eluent.  Use labeled a container.  TEXT Overlay: hexanes:EtOAc 4:1 v/v, Rf = 0.23
2.6. When methyl 4-nitrobenzoate is completely consumed, filter the reaction mixture through a short pad of celite in a 60 milliliter frit Buchner funnel using vacuum filtration [2.6.1 – MED-over the shoulder].
2.6.1. Talent filters the reaction mixture through a short pad of celite in a 60 mL frit Buchner funnel using vacuum filtration. 
2.7. Wash the filter with 20 milliliters of ethyl acetate, three times [2.7.1 – CU – TXT].  Concentrate the filtrate in vacuo using a rotary evaporator to afford the crude methyl 4-(hydroxyamino)benzoate (pronounced as “4-hahy-drok-see uh-mee-noh ben-zoh-eyt”), which is used directly without further purification [2.7.2 – MED-over the shoulder]. 
2.7.1. Filter as talent washes with ethyl acetate.  TEXT Overlay: wash with 20 mL of ethyl acetate, 3x  
2.7.2. Talent places the filtrate onto the rotary evaporator and starts it turning.
2.8. To perform acetyl (pronounced as “uh-seet-l”) protection of methyl 4-(hydroxyamino)benzoate, add 2.55 grams of sodium bicarbonate, all the crude methyl 4-(hydroxyamino)benzoate obtained in the previous step, and a stir-bar into an oven-dried 500 milliliter two-necked round-bottom flask [2.8.1 – CU – TXT].
2.8.1.  Oven-dried 500 milliliter two-necked round-bottom flask as talent adds sodium bicarbonate, the crude methyl 4-(hydroxyamino)benzoate, and a stir-bar.  Use labeled containers.  TEXT Overlay (as first part of the sentence is narrated): Acetyl protection of methyl 4-(hydroxyamino)benzoate
2.9. Cap one neck with a septum and connect another neck to a nitrogen/vacuum manifold [2.9.1 – MED-over the shoulder].  Perform three vacuum-refill cycles to replace the air in the flask with nitrogen gas [2.9.2 – MED – TXT].
2.9.1. Talent caps one neck with a septum and another neck to a nitrogen/vacuum manifold.
2.9.2. Talent performs a vacuum-refill cycle with nitrogen air.  TEXT overlay:  repeat vacuum-refill cycle 3x
2.10. Add 138 milliliters of anhydrous di-ethyl ether to the reaction flask using an airtight syringe [2.10.1 – CU].  Cool and stir the reaction mixture at 0 degrees Celsius for 15 minutes [2.10.2 – MED-over the shoulder].
2.10.1. Reaction flask as talent adds 138 milliliters of anhydrous diethyl ether to the reaction flask using an airtight syringe.
2.10.2. Talent starts a timer to count down from 15 minutes and places it next to the stirring solution.
2.11. Prepare a solution of 2.39 grams of acetyl chloride in 138 milliliters of anhydrous diethyl ether [2.11.1 – MED – TXT].  Add the solution to the reaction mixture at 0 degrees Celsius using a syringe pump at a rate of 10.0 milliliters per hour [2.11.2 – CU].
2.11.1. Talent adds acetyl chloride to diethyl ether.  Use labeled containers.  TEXT Overlay: 30.4 mmol acetyl chloride
2.11.2. Syringe pump/solution setup as talent sets up the syringe pump to add the solution to the reaction mixture at 10 mL per hour.
2.12. At the end of the addition, filter the reaction mixture through a short pad of celite in a 60 milliliter frit Buchner funnel using vacuum filtration [2.12.1 – CU].  After washing the filter with 20 milliliters of ethyl acetate three times, concentrate the filtrate in vacuo using a rotary evaporator [2.12.2 – MED – TXT]. 
2.12.1. Buchner funnel with celite as talent filters the reaction mixture there. TEXT Overlay (as the first part of the sentence is narrated): wash with 20 mL of ethyl acetate, 3x
2.12.2. Talent brings the filtrate to the rotary evaporator, puts it on, and starts it rotating.  TEXT Overlay (as the first part of the sentence is narrated): wash with 20 mL of ethyl acetate, 3x
2.13. Purify the crude product with flash column chromatography eluting with a mixture of hexane and ethyl acetate to afford 5.31 grams of methyl 4-(hydroxyacetamido)benzoate (pronounced as “4-hahy-drok-see uh-see-tah mee-doh ben-zoh-eyt”) as a light yellow solid [2.13.1 – CU - TXT].
2.13.1. Light yellow product as talent displays to the camera.  TEXT Overlay: 25.4 mmol, 92% yield
3. Synthesis of methyl 4-(N-(trifluoromethoxy)acetamido)benzoate 
3.1. Add 2.00 grams of methyl 4-(hydroxyacetamido) benzoate, 311 milligrams of cesium carbonate, 3.63 grams of Togni reagent II, and a magnetic stir-bar into an oven-dried 250 milliliter round-bottom flask inside a glovebox [3.1.1 – MED].  This reaction can also be performed using Schlenk techniques outside the glovebox [3.1.2 – CU].
3.1.1. Talent works in a glovebox to add methyl 4-(hydroxyacetamido) benzoate, cesium carbonate, Togni reagent II, and a magnetic stir-bar into an oven-dried 250 milliliter round-bottom flask.  Use labeled containers.  Continue action in next shot.
3.1.2. Flask as talent continues to add the reagents.
3.2. Then, add 95.6 milliliters of dried and degassed chloroform to the reaction flask [3.2.1 – MED-over the shoulder – TXT].  Cap the flask with a septum and stir the reaction mixture at 23 degrees Celsius under nitrogen atmosphere either inside or outside the glovebox for 16 hours [3.2.2 – CU]. 
3.2.1. Talent adds the chloroform to the reaction flask.  TEXT Overlay: 0.100 M CHCl3
3.2.2. Flask as talent caps with septum and starts it stirring.
3.3. Filter the reaction mixture through a filter funnel to remove any solid residue before concentrating the filtrate in vacuo using a rotary evaporator [3.3.1 – MED].
3.3.1. Talent filters the sample through a filter funnel. 
3.4. Next, purify the crude product using flash column chromatography eluting with a mixture of hexane and dichloromethane [3.4.1 – MED – TXT] to afford 2.51 grams of methyl 4-((trifluoromethoxy)acetamido)benzoate (pronounced as “4-trahy flohr-oh muh-thok-see uh-see-tah-mee-doh ben-zoh-eyt”) [3.4.2 – CU – TXT].
3.4.1. Talent elutes the crude product using flash column chromatography.  TEXT Overlay: hexanes:CH2Cl2, 7:3 to 0:1 (v/v) 
3.4.2. Crude Pure product as talent displays to camera.  TEXT Overlay: 9.05 mmol, 95% yield
4. Synthesis of methyl 4-acetamido-3-(trifluoromethoxy)benzoate via trifluoromethoxy-migration
4.1. To synthesize the final product, add 2.51 grams of methyl 4-((trifluoromethoxy)acetamido)benzoate, a magnetic stir-bar, and 9.05 milliliters of anhydrous Nitromethane into a 50 milliliter pressure vessel [4.1.1 – CU].  Cap the vessel with a screw cap [4.1.2 – MED-over the shoulder].
4.1.1. Pressure vessel as talent adds the methyl 4-((trifluoromethoxy)acetamido)benzoate, a magnetic stir-bar, and anhydrous Nitromethane.  Use labeled containers.
4.1.2. Talent caps the vessel with a screw cap.
4.2. Stir the reaction mixture at 120 degrees Celsius behind the safety shield for 20 hours [4.2.1 – CU].  After cooling the reaction mixture to room temperature, transfer to a 100 milliliter round bottom flask [4.2.2 – MED].  Concentrate the reaction mixture in vacuo using a rotary evaporator [4.2.3 – CU].
4.2.1. Reaction mixture as it stirs behind the safety shield.
4.2.2. Talent transfers the reaction mixture to a 100 mL round bottom flask.
4.2.3. Rotary evaporator as it turns with the reaction mixture in it. 
4.3. Purify the crude product with flash column chromatography eluting with a mixture of hexanes and ethyl acetate to afford 2.13 grams of methyl 4-acetamido-3-(trifluoromethoxy)benzoate (pronounced as “4- uh-see-tah-mee-doh-3-trahy flohr-oh muh-thok-see ben-zoh-eyt”) [4.3.1 – MED – TXT].
4.3.1. Talent elutes the product from the column.  TEXT Overlay: 7.69 mmol, 85%
4.4. Characterize all the new compounds by proton, Carbon-13 nuclear magnetic resonance, or NMR, spectroscopy and high-resolution mass spectroscopy.  Use Fluorine-19 NMR spectroscopy to characterize compounds containing fluorine atoms [4.4.1 – MED-over the shoulder].
4.4.1. Talent analyzes NMR spectra on the computer.
5. Results: Synthesis of trifluoromethoxylated aniline derivates using Togni Reagent II: 
5.1. Representative results of Togni reagent II mediated intramolecular trifluoromethoxylation of arenes are shown here [5.1.1 – LM].  
5.1.1. 53789_Ngai_Table 1
5.2. This protocol is general and applicable to a wide array of aromatic compounds; the reaction tolerates a broad spectrum of functional groups [5.2.1 – LM].
5.2.1. 53789_Ngai_Table 1 – Editors, please zoom into the reaction across the top of the figure as this point is narrated.
5.3. In addition, high levels of ortho- over para-selectivity are observed, for example, substrates 3f, 3k, and 3L [5.3.1 – LM].
5.3.1. 53789_Ngai_Table 1 – Editors, either zoom out and then zoom back into the bottom left corner or staying zoomed in slide down to the bottom left corner.  Then highlight 3f, 3k and 3l as narrated. 
5.4. In the presence of two non-identical ortho positions, low levels of regiocontrol are obtained as in substrates 3d, 3e, 3k, and 3m [5.4.1 – LM]. 
5.4.1. 53789_Ngai_Table 1 – Editors, zoom back out so that 3d, 3e, 3k and 3m are in view and then highlight each of them as narrated. 
5.5. Furthermore, the reaction temperature for the trifluoromethoxy-migration step depends on the electronic nature of the arenes.  Generally, more electron deficient arenes require higher reaction temperature [5.5.1 – LM].
5.5.1. 53789_Ngai_Table 1 – Editors, please zoom into the last step of the reaction in the top right of the figure, and highlight the 80 ºC.
6. Conclusion (said by authors on camera)
6.1. Pengju Feng: After its development, this technique paved the way for researchers in the fields of chemistry and biology to explore trifluoromethoxylated arenes in the discovery and development of new functional molecules [6.1.1 – MED].
6.1.1. Pengju speaks toward the camera, interview style.
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.
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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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