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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 1.3 and 1.4, 2.1, 3.1 and 3.2, 3.5
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?   No difficult procedure


1. Introduction (Schematic Overview and Interview)

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

Procedural Narrative:
The overall goal of this procedure is to synthesize multinuclear platinum anticancer complexes based on the structural characteristics of the drugs picoplatin and BBR3464. (Intro)

This is accomplished by first synthesizing bispyridine bridging ligands through the conjugation of isonicotinic acid and a diaminoalkane using an amide coupling reaction. (P1, show top left two compounds followed by black arrow and compound to the right of the arrow. Then make “Amide coupling” label appear above black arrow.)

The second step is to recrystallize the ligand from hot water. (P2, show right compound from P1 and “Purification by recrystallisation” beaker. Make compound move into beaker and disappear into the solution followed by the appearance of the red “Platinum coordination” compound. Then make the red platinum compound move out of the beaker.)

Next, the  ligand is coordinated to platinum by reaction with trans-diamminedichloroplatinum(II) (pronounced trans-diamminedichloroplatinum two). (P3, show red platinum compound from P2 and make “Platinum coordination” label appear under it. Then make the compound split into two identical structures and make one of the Cl ligands on each compound disappear. Then make the compound to the left of the bottom right black arrow appear (without red structures) and move the two red platinum compounds onto it so it looks like the compound to the left of the bottom right black arrow.)

The final step is purification of the metal complexes by fractional precipitation from water using acetone. (P4, show last compound from P3 and “Purification by fractional precipitation” beaker. Make compound move into beaker and disappear. Then make “Purification by fractional precipitation” label appear under beaker.)

Ultimately, success of amide coupling and platinum coordination is observed most definitely using proton nuclear magnetic resonance spectroscopy. (P5, show Figure 3.)

[image: ]


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Nial Wheate: The implications of this technique extend toward therapy or diagnosis of cancer, through the combinations of particular characteristics of different drugs.  
1.2. Michael Apps: Generally, individuals new to this research area will struggle with the chemical characterisation, particularly how the proton nuclear magnetic resonance ligand peaks are affected with respect to their chemical shift and shape by platinum coordination.

[bookmark: _GoBack]
Protocol (read by voice talent at JoVE):
2. Synthesis of the N,N’-(alkane-1,n-diyl)diisonicotinamide 
2.1. First, dry a three-neck round bottom flask in an oven at 100 °C for 1 h to ensure that all moisture is removed. Once the flask has cooled to room temperature, add 0.5 moles of solid isonicotinic acid, in this case 1,10-diaminoalkane, along with a magnetic stirring bar (TEXT: If diaminoalkane ligand is liquid at room temperature, it is added at a later step).      
2.1.1. WID: Talent places three-neck round bottom flask in oven.
2.1.2. MED-over the shoulder: Talent adds solid isonicotinic acid and magnetic stirring bar to flask.
2.2. Cap the necks of the flask with rubber septa and replace the air in the flask with nitrogen through the use of a nitrogen filled balloon (TEXT: A continuous nitrogen stream can also be used).      
2.2.1. MED: Talent caps flask with rubber septa and inserts a needle attached to nitrogen filled balloon into one of the septa.
2.3. Using a hypodermic needle and syringe, add 4-8 mL of anhydrous dimethylsulfoxide to dissolve the solids. If the solids don’t dissolve easily, then heat the solution gently under a stream of running hot water. 
2.3.1. MED-over the shoulder: Talent adds anhydrous dimethylsulfoxide to flask containing isonicotinic acid.
2.3.2. CU: Flask as talent gently warms the contents under a stream of hot water from the tap.
2.4. Next, add 7 mole equivalents of triethylamine to the flask (TEXT: If diaminoalkane is a liquid at room temperature, add 0.5 moles of it at this step). Add 1 mole of 1-propylphosphonic anhydride and stir the reaction mixture for 5-12 hours at room temperature.      
2.4.1. MED: Talent adds triethylamine to the flask.
2.4.2. MED-over the shoulder: Talent adds 1-propylphosphonic anhydride to flask and turns on stir control on magnetic stirring hotplate.
3. Purification of the Ligands
3.1. For bispyridine ligands made using diaminoalkane ligands with 10 or more methylene groups, wait for the product to precipitate from solution as the reaction progresses (TEXT: See text protocol for precipitation procedures for bispyridine ligands made using diaminooctane and diaminoalkanes with 2-6 methylene groups).   
3.1.1. CU: Flask as product precipitates from solution.
3.2. Following this, collect each bispyridine ligand by vacuum filtration using a Buchner funnel and flask. After transferring the ligand to a beaker, recrystallize the crude material using approximately 400-500 mL of boiling water per 200 mg of ligand (TEXT: More water is needed for longer bispyridine ligands due to their reduced water solubility).     
3.2.1. MED: Talent pours reaction mixture containing solid product in Buchner funnel attached to flask.
3.2.2. MED-over the shoulder: Talent adds water to beaker containing crude ligand and stirring bar, places it on magnetic stirring hotplate, and turns the stir and heat functions on.
3.3. Once the ligand has completely dissolved, add potassium hydroxide to the cooled solution to ensure that the compounds are free bases upon recrystallization. Then, place the solution in the refrigerator to maximize recrystallization.      
3.3.1. MED: Talent adds a few pellets of the potassium hydroxide to the solution and swirls it to dissolve them.
3.3.2. MED-over the shoulder: Talent places beaker containing ligand solution in refrigerator.
4. Synthesis and Purification of the Dinuclear Platinum Complexes
4.1. At this point, add transplatin and water to a beaker (TEXT: 150 mL of water per 200 mg of transplatin). Heat the solution to 70-80 °C to fully dissolve the transplatin and produce a clearly strong yellow colored solution. 
4.1.1. MED: Talent adds transplatin and then water to a beaker.
4.1.2. CU: Flask containing transplatin solution as it is being heated on magnetic stirring hotplate to observe the strong yellow colored solution.
4.2. Add 0.5 moles of the bispyridine ligand and stir the solution at temperature until the ligand dissolves to afford a clear solution. After the solution is nearly colorless, turn off the heat, and stir at room temperature overnight.       
4.2.1. MED-over the shoulder: Talent adds bispyridine ligand to flask.
4.2.2. CU: Flask as solution is stirring to observe the clear solution.
4.2.3. MED: Talent turns off heat and observes solution stirring on magnetic stirring hotplate.
4.3. Once the reaction is complete, remove the solvent by rotary evaporation to yield a yellow colored powder.
4.3.1. MED-over the shoulder: Talent attaches flask to rotary evaporator and turns it on. 
4.4. Following this, purify the platinum complex by dissolving it in a minimum amount of 50 °C water (TEXT: If remaining yellow or white colored solids are present, filter these off).     
4.4.1. MED: Talent adds minimum amount of water to crude platinum complex and swirls the flask to dissolve the material.
4.5. Add acetone to the solution until a white precipitate is formed, which appears to be a polymeric form of the metal complex and represents up to 10% of the reaction product. Add an additional 20-30 mL of acetone until no more precipitate is observed.
4.5.1. CU: Flask containing platinum complex solution as talent adds acetone to observe formation of white precipitate.
4.5.2. MED: Talent adds acetone to flask until precipitate formation is no longer observed.
4.6. Remove this precipitate by filtering the contents through 0.2 μm nylon filter paper under vacuum. After transferring the solution to a round bottom flask, concentrate it by rotary evaporation, which will yield a pure product. (TEXT: If necessary, additional acetone precipitation steps can be performed until complex is pure).      
4.6.1. MED-over the shoulder: Talent pours solution containing precipitate in Buchner funnel attached to flask.
4.6.2. MED: Talent attaches flask to rotary evaporator and turns it on.
5. Results: Characterization of Bispyridine Ligands and Dinuclear Platinum Complexes
5.1. The bispyridine ligands and their respective dinuclear platinum complexes are characterized by proton, carbon and platinum NMR and electrospray ionization mass spectroscopy. In particular, proton NMR shows resonances that can definitively demonstrate successful amide coupling and platinum coordination. 
5.1.1. LAB MEDIA: Tables 1 and 2 (Table_1and2_51740.docx) (Video Editor: Highlight Ligand and Metal Complex tables when mentioned in first sentence.)
5.2. As the diaminoalkane chain length increases many of the methylene resonances become equivalent, and fewer peaks are observed. Due to symmetry in N,N′-(octane-1,8-diyl)bis(isonicotinamide), five aliphatic resonances would be expected but the four inner methylene peaks are magnetically equivalent and appear as one resonance around 1.2 ppm.
5.2.1. LAB MEDIA: Figure 2 (Figure 2.eps) (Video Editor: Highlight or point to He peak for second sentence. Alternatively, show the whole spectrum first and zoom into 1-2 ppm region for second sentence with an arrow pointing to He peak.)
5.3. The amine proton resonance of the uncoupled diaminoalkane chain is located in the aliphatic region and moves significantly downfield upon coupling to the carboxylic acid. The subsequent amide proton resonance is seen around 8.7 ppm as a relatively broad triplet.
5.3.1. LAB MEDIA: Figure 2 (Figure 2.eps) (Video Editor: Show bottom spectrum only and point to right region of spectrum, 1-4 ppm, for first sentence as this represents the aliphatic region of the spectrum. Highlight or point to Ha peak and make inset appear for second sentence.)
5.4. Platinum group coordination to the bispyridine ligands is observed through a downfield shift of the Ha resonances and an upfield shift of the Hb resonances. Further confirmation of coordination is the observance of platinum coupling on the doublet resonance for the Ha protons. 
5.4.1. LAB MEDIA: Figure 3 (Figure 3.eps) (Video Editor: Show bottom spectrum only and draw square around Ha and Hb peaks for first sentence. Alternatively, highlight these peaks when mentioned in first sentence. Then make inset appear followed by “platinum coupling” label for second sentence. Zoom into inset for second sentence if you’d like to show the platinum coupling in more detail.)
5.5. Platinum group coordination to the bispyridine ligand can also be observed using platinum NMR. The dinuclear platinum complexes show a resonance around -2300 ppm due to the ammino and chlorido coordination state.   
5.5.1. LAB MEDIA: Figure 4 (Figure 4.eps) (Video Editor: Point to peak at -2300 ppm for second sentence.)

6. Conclusion (said by authors on camera)
6.1. Nial Wheate: Following this procedure, other amide coupling reactions can be used to generate a large family of bispyridine ligands which can then be used to synthesize not only dinuclear, but trinuclear, platinum anticancer complexes.
       

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. 

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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