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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: Carl Zeiss 495009-0007-000, Stereomicroscope Stemi 508 doc with Stand K LAB and Double Spot Illuminator K LED
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.) 2.2, 2.3, 3.1, 4.1
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.) 2.2, 3.1
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 methodology is to synthesize suitable x-ray monocrystals of 3,5-lutidine N-oxide dehydrate in shorter reaction time using inexpensive and easily accessible reagents to yield a novel solvated supramolecular structure. (Intro) 

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. María del Rosario Merino García: This method can help answer key questions in the synthetic organic and inorganic chemistry fields, such as how to synthesize novel aromatic compounds, heterocyclic compounds, and pyridine derivatives.  
1.2. María del Rosario Merino García: The main advantage of this technique is that it uses solvents and materials that are more accessible and generally found in any research laboratory.  

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. María del Rosario Nerino García: We first had the idea for this method, when we were in search of an optimal route to obtain 3,5-lutidine N-oxide as an intermediate of 2-amino-pyridine-3,5-dicarboxylic acid. 


Protocol: (read by voice talent at JoVE)
2. Reaction
2.1. First, place an open 100-milliliter round-bottom flask containing a magnetic stir bar on a magnetic stir plate in a fume hood [1-WIDE/MED]. Add 29.8 milliliters of glacial acetic acid [2-MED-over the shoulder-TXT], 5.82 milliliters of 3,5-dimethylpyridine, and 5 milliliters of 35 percent hydrogen peroxide to the flask [2-MED-over the shoulder-TXT] [2.1.2B]. Stir the reaction mixture at an inner temperature of 80 degrees Celsius for 5 hours [3-MED].  
2.1.1. *Film as written. (Videographer Comments: take 2 includes 2.1.2)
2.1.2. *Film as written. Talent adds 29.8 milliliters of glacial acetic acid TEXT: 29.8 mL acetic acid, 5.82 mL 3,5-dimethylpyridine, 5 mL 35% H2O2. (Editor: Feel free to use either 2.1.2 or 2.1.2B for this shot, or use both – whatever looks best. Since it’s just a series of addition actions, they don’t all need to be shown. Please keep the text overlay up for all of 2.1.2 and 2.1.2B, assuming both are used)
2.1.2B. [Added Shot]: Talent adds 5.82 milliliters of 3,5-dimethylpyridine, and 5 milliliters of 35 percent hydrogen peroxide to the flask
2.1.3. Talent places flask in an oil bath on top of the magnetic stir plate, and then turns on the stirring and heating functions of the magnetic stir plate.
2.2. After the reaction is complete, cool the flask to 24 degrees Celsius with ice [1-MED-over the shoulder]. Once cooled, connect the flask to a high vacuum distillation unit for 90 to 120 minutes to remove excess acetic acid [2-MED-TXT].
2.2.1. *Film as written.
2.2.1B. [Added Shot]: Additional shot of measuring temperature. (Editor: This shot does not need to be used, but can be cut in when temperature is mentioned if it looks better)
2.2.2. Talent connects the flask to the vacuum distillation unit and turns the unit on. TEXT: Flask should be cool prior to distillation.
2.3. Following this, add 10 milliliters of distilled water to the flask and concentrate the mixture to remove trace acetic acid [1-MED-over the shoulder-TXT].  
2.3.1. Talent removes the flask from the vacuum distillation system, adds distilled water to the flask, and reconnects the flask to the vacuum distillation system. TEXT: Repeat to ensure complete removal of acid.
3. Basicity Adjustment and Extraction 
3.1. Dissolve the isolated viscous and transparent product in 20 milliliters of distilled water [1-MED]. Then, use a potentiometer to adjust the pH to 10 with sodium carbonate [2-MED-over the shoulder]. 
3.1.1. *Film as written.
3.1.2. Talent immerses potentiometer in the product solution, checks the pH, and adds sodium carbonate to the solution.
3.1.3. [Added Shot]: Talent adds sodium carbonate to the solution. (Editor: This shot can either be used in place of, or along with, 3.1.2 – the overall action being described is roughly the same, but each shot shows a different part)
3.2. Next, carefully add the solution to a 250-milliliter separation funnel [1-MED]. Extract the solution 5 times with 250 milliliters of chloroform [2-MED-over the shoulder-TXT].
3.2.1. *Film as written.
3.2.2. Talent adds chloroform to separation funnel, closes and shakes the funnel, and then sets it down to allow the two layers to separate. Show as many extractions as possible. TEXT: Multiple extractions will improve yield. 
3.2.3. [Added Shot]: Talent shakes the funnel, and then sets it down to allow the two layers to separate. Show as many extractions as possible. (Editor: This shot can either be used in place of, or along with, 3.2.2 – the overall action being described is roughly the same, but each shot shows a different part)
3.2.4. [Added Shot]: (Videographer Comment: additional extractions, var. framing in T1B.) (Editor: These shots can be used in place of 3.2.2 or 3.2.3 if they look better)
3.3. Recover the product-containing organic layer and dry it over sodium sulfate for a maximum of 30 minutes [1-MED-TXT].
3.3.1. Talent collects the organic layer in a flask, the talent and adds sodium sulfate to it. TEXT: Handle CHCl3 with care in fume hood.  (Videographer Comment: Take 1B: was cut in action, due to battery change. Various takes/framing.)
3.4. After filtering off the sodium sulfate, remove the solvent under reduced pressure with a high vacuum distillation unit to afford of a very hygroscopic clear beige crystalline powder [1-MED-over the shoulder]. 
3.4.1. Talent connects flask containing the dried product-containing organic layer to the vacuum distillation unit and turns the unit on. (Videographer Comment: T1: various ‘shots’ or framing to show condensation.)
4. Crystallization Process and Analysis of 3,5-Lutidine N-oxide Dehydrate
4.1. Now, dissolve 4.3 grams of the crystalline powder in 50 milliliters of cold HPLC grade diethyl ether [1-MED]. Vacuum filter the solution to remove any trace of solid starting material or dust [2-MED-over the shoulder]. Then, pour the filtrate into a glass Petri dish and store at 4 degrees Celsius to slowly evaporate the solvent [3-MED].  
4.1.1. *Film as written.
4.1.2. [bookmark: _GoBack]*Film as written.
4.1.3. Talent pours filtrate in Petri dish and then places the dish in a refrigerator. (Videographer Comment: Bench where dish is poured and refrigerator are in separate locations – shot was divided) (Editor: I’m not sure if the shot was actually divided, since the videographer didn’t mark another shot number. If it was, please cut to show the actions as mentioned)
4.2. After 2 days, check that clear colorless crystals are obtained [1-MED-over the shoulder]. Then, measure the melting point, which should be in the range of 310 to 311 Kelvin [2-MED].
4.2.1. Talent removes Petri dish from the refrigerator and checks for crystals. (Videographer Comment: You don’t check crystals at the fridge…. Take 1A and 1B OK) (Editor: I’m not sure if the shot was actually divided, since the videographer didn’t mark another shot number. If it was, please cut to show the actions as mentioned)
4.2.2. Talent prepares the sample in a capillary tube and places it in the melting point apparatus for the measurement.
4.3. Next, isolate the 3,5-lutidine N-oxide dehydrate crystals by decantation for X-ray analysis [1-MED-over the shoulder-TXT]. 
4.3.1. Talent drains the solvent from the Petri dish. TEXT: Keep crystals in Et2O until use. 
4.4. Finally, dissolve 0.01 grams of the 3,5-lutidine N-oxide dehydrate crystals in 0.4 milliliters of deuterated chloroform for proton and carbon NMR analysis [1-MED].
4.4.1. Talent adds solid followed by deuterated chloroform to NMR tube and if necessary, shakes the tube to dissolve the solid.

5. Results: Characterization of 3,5-Lutidine N-Oxide Dehydrate
5.1. The signal at 2.28 ppm in the proton NMR spectrum of 3,5-lutidine N-oxide dehydrate corresponds to the six equivalent hydrogen atoms of the two methyl groups in the 3 and 5 positions [1-LM]. The signals at 7.9 ppm and 6.9 ppm represent protons c and a, respectively [2-LM]. These hydrogens are at a higher frequency than the methyl hydrogens because they are closer to the electron-withdrawing oxygen atom [3-LM].
5.1.1. Figures 1.tif: Highlight two CH3 groups in the structure (one is labeled “b”) and peak at 2.28 ppm. Make zoomed-in peak appear on the spectrum.
5.1.2. Figures 1.tif: Highlight protons labeled “c” and “a” when mentioned and make zoomed-in peaks appear on the spectrum.
5.1.3. Figures 1.tif
5.2. In the carbon spectrum of 3,5-lutidine N-oxide dehydrate, the signals for the carbons closer to the oxygen atom show frequency separation between their signals of 1,300 Hertz and 200 Hertz [1-LM]. The methyl carbons do not show any change [2-LM]. 
5.2.1. Figures 2.tif: Highlight carbons labeled “c” and “a” in the structure and peaks labeled “c” and “a” at mention of “the signals for the carbons closer to the oxygen atom show frequency separation between their signals of 1,300 Hertz and 200 Hertz”.
5.2.2. Figures 2.tif: Highlight two CH3 groups in the structure (one is labeled “d”) and peak labeled “d”.
5.3. The ORTEP (pronounced or-tep) diagram shows two molecules of water surrounding the asymmetric 3,5-lutidine N-oxide dehydrate, which are believed to stabilize the NO bond [1-LM]. There is a significant stabilizing pi-type ON back-donation, reflected in a calculated bond order higher than 1 and number of electron lone pairs on the oxygen atom lower than 36 [2-LM].  
5.3.1. Figures 4.tif: Highlight red O2 and O3 molecules at mention of “two molecules of water surrounding the asymmetric 3,5-lutidine N-oxide dehydrate” and highlight the N1-O1 portion of the 3,5-lutidine N-oxide dehydrate structure at mention of “stabilize the NO bond”.
5.3.2. Figures 4.tif


6. Conclusion (said by authors on camera)
6.1. María del Rosario Merino García: While attempting this procedure, it’s important to remember that this protocol uses solvents and materials that are easily obtainable and generally found in any research laboratory.
   

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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