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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.) _____2.4, 3.3 - 3.9, 4.2 - 4.5__________
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 – 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 experiment is to prepare the bromide salt of a stable phosphorus(I) (pronounced “ phosphorus one”) cation which can serve as a convenient synthetic source of P(1+) (pronounced “phosphorus one plus”) ions. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Charles L.B. Macdonald: The precursors prepared using this method have been used for the preparation of many types of phosphorus-containing molecules with applications in inorganic chemistry, organic chemistry, and catalysis.
1.2. C.L.B.M: The main advantages of this technique are that the synthesis is convenient and high-yielding from commercially-available reagents; and the resultant precursor molecule is air- and moisture-stable.   
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** CLBM: Demonstrating the synthesis of P(I) bromide (pronounced “Pee one bromide”) will be Max, an undergrad student from my laboratory.
1.3.1. Interview style: Author saying the above 
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
1.4. ** CLBM: Demonstrating the synthesis of [MeNHCMe2P][BPh4] (pronounced “bis-carbene phosphorus one tetraphenylborate") will be Justin, a Ph.D student from my laboratory.
1.4.1. Interview style: Author saying the above 
1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
1.5. CLBM: Demonstrating the synthesis of a multifunctional zwitterionic phosphino-triphosphenium molecule will be Steph, a Ph.D student from my laboratory. 
1.5.1. Interview style: Author saying the above 
1.5.2. 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. Synthesis of [dppeP][Br]
2.1. To begin this procedure, dissolve 1.00 g of dppe (pronounced “Dee Pee Pee E”) in the DCM under inert gas [3-MED-over the shoulder-TXT]. Prepare reagents as outlined in the text protocol [1-WIDE/MED]. Then, add 40 mL of anhydrous, degassed dichloromethane to a 250 mL Schlenk flask equipped with a rubber septum [2-MED-TXT] [3-MED-over the shoulder-TXT].
2.1.3. Talent adds 1 g of dppe to the Schlenk flask TEXT: dppe: 1,2-bis(diphenylphosphino)ethane.
2.1.1. Talent approaches bench with a flask of a reagent in hand.
2.1.2. Talent adds DCM to Schlenk flask, there should be a magnetic stir bar in the flask, TEXT: DCM: Dichloromethane.
2.1.3. Talent adds 1 g of dppe to the Schlenk flask, TEXT: dppe: 1,2-bis(diphenylphosphino)ethane. (Move above 2.1.3)
2.2. Using a syringe, add 2.53 mL of dry, degassed cyclohexene [1-CU/MED]. Then, add 0.26 mL of phosphorus tribromide, dropwise with vigorous stirring [12-MED-over the shoulder]. The solution should immediately turn pale yellow, with white precipitate forming after 20 minutes [3-CU/MED].
2.2.1. Shot of syringe injecting degassed cyclohexane cyclohexene to the Schlenk flask.
2.2.2. Talent adds phosphorus tribromide dropwise to the Schlenk flask, with the magnetic stir bar on and stirring the solution.
2.2.3. Shot of the flask after the solution is yellow, capture the precipitate in the shot if possible.
2.3. Allow the reaction to stir overnight [1-MED]. After stirring is complete, filter the reaction mixture through a fritted flask, topped with a 1-inch thick Celite plug, to remove the precipitate [2-MED-over the shoulder]. Remove the DCM from the resulting solution under vacuum on a Schlenk line [3-MED/CU].
2.3.1. Talent sets a timer, and then Talent walks out of frame – make sure the flask, with the magnetic stir bar turned on, is visible in the shot.
2.3.2. Talent filters the reaction through the described fritted flask.
2.3.3. Talent, at the Shlenk line, draining the DCM from the solution in the Schlenk flask [CU- of filtering].
2.4. Then, add 75 mL of tetrahydrofuran while stirring vigorously to precipitate the product as a white solid [1-MED-over the shoulder-TXT]. Immediately after the precipitate forms, collect it via filtration with a fritted flask under an inert atmosphere [2-MED-TXT] [3].
2.4.1. Talent adds 75 mL of tetrahydrofuran to the Shlenk flask, the magnetic stir bar should be on and stirring TEXT: THF: Tetrahydrofuran.
2.4.2. Talent filters the solution with a fritted flask, make sure that the inert atmosphere setup is viable in frame, TEXT: Collect the solid immediately.
2.4.3. [Added Shot] Talent collects white precipitate in fritted flask 
3. Synthesis of [MeNHCMe2P][BPh4]
3.1. In a Schlenk flask, dissolve 0.5 g of P(I) bromide salt in 5 mL of DCM [1-MED-over the shoulder-TXT]. Stir the solution under nitrogen gas [2-MED]. Then, add 0.35 g of sodium tetraphenylborate in 5 mL of THF [3-MED].
3.1.1. Talent adds 5 mL of DCM 0.5 g of P(I) bromide to a new Schlenk flask containing 0.5 g of P(I) bromide to a new Schlenk flask 5 mL of DCM, there should be a magnetic stir bar in the flask, TEXT: [dppeP][Br]: P(I) bromide.
3.1.2. Talent turns on the magnetic stir bar, stirring the solution – ensure the nitrogen gas setup is visible in frame.
3.1.3. Talent adds a solution of 0.35 g of sodium tetraphenylborate in 5 mL of THF to the Schlenk flask.
3.2. Stir the reaction overnight [1-MED-over the shoulder]. After stirring is complete [1-MED], centrifuge the suspension to remove the resulting precipitate [2-MED]. Check that the precipitate has separated [3], and collect the solution by canula transferring to a Schlenk flask [4]. Then, remove the solvent under reduced pressure – yielding [dppeP][BPh4] (pronounce as dee pee pee ee – pee one, tetra-fenn-ill-bore ate”) [5-MED] as a white powder [36-MED].
3.2.1. Talent turns on a timer – make sure the flask, with the stir bar turned on, is visible in the shot transfers the mixture to a centrifuge tube via canula. [1-MED]
3.2.2. Talent places a centrifuge tube full of the solution into a centrifuge, and turns it on.
3.2.3. [Added Shot] Talent checks centrifuge tube to ensure precipitate has separated
3.2.4. [Added Shot] Talent collects solution by canula transferring to a Schlenk flask
3.2.5. [Added Shot] Talent, at a vacuum station with the solution in a small side-armed flask connected to a vacuum tube-removing the solvent under reduced pressure. (Formerly 3.2.3) 
3.2.6. Talent collects white precipitate in Schlenk flask at a vacuum station with the solution in a small side-armed flask connected to a vacuum tube – removing the solvent under reduced pressure. 
3.3. Load a 100 mL Schlenk flask with 0.200 g of methyl-carbene and a stir bar, under an inert atmosphere [1-MED-TXT]. Then, load a 100 mL round-bottomed flask with 0.603 g of [dppeP][BPh4], under an inert atmosphere [2-MED].
3.3.1. Talent adds 0.200 g of methyl-carbene and a stir bar to a 100 mL Schlenk flask, make sure the inert atmosphere setup is in the shot, TEXT: MeNHCMe: Methyl-carbene.
3.3.2. Talent adds 0.603 g [dppeP][BPh4] to a 100 mL round-bottomed flask, make sure the inert atmosphere set up is in frame.
3.4. Cannula transfer 20 mL of THF to the Schlenk flask [1-MED-over the shoulder]. Begin magnetic stirring [2-CU/MED].
3.4.1. Talent cannula transfers 20 mL of THF to the Schlenk flask.
3.4.2. Shot of the flask with the stir bar turned on and stirring.
3.5. Next, cannula transfer 20 mL of THF to the round-bottomed flask [1-MED] until the [dppeP][BPh4] has dissolved [2-CU/MED].
3.5.1. Talent cannula transfers 20 mL of THF to the round-bottomed flask.
3.5.2. Shot of the round-bottomed flask, at rest, after the [dppeP][BPh4] has dissolved.
3.6. Then, cannula transfer the solution of [dppeP][BPh4] in THF to the Schlenk flask [1-MED]. Allow the solution to stir for 1 hour [1-MED-TXT] [2-MED-over the shoulder].
3.6.1. Talent transfers the solution from the round-bottomed flask to the Schlenk flask, the stir bar in the Schlenk flask should still be on and stirring; TEXT: Stir 1 hr
3.6.2. Talent sets a timer. (Remove this step)
3.7. After stirring is complete, concentrate the yellow solution to one-third of its original volume under reduced pressure [1-MED]. Add 40 mL of diethyl ether to the Schlenk flask [2-MED-over the shoulder-TXT]. Allow this suspension to stir for 20 minutes [2-MED-over the shoulder-TXT] [3-MED].
3.7.1. Talent, with the Schlenk flask connected to a Schlenk line, concentrating the solution under reduced pressure.
3.7.2. Talent adds 40 mL of diethyl ether to the Schlenk flask; TEXT: Stir 20 min
3.7.3. Talent turns on the stir bar, and then sets a timer. (Remove step)
3.8. Then, place a sealed frit filter, attached to a 100 mL Schlenk flask, on the Schlenk line [1-MED]. Evacuate the flask using vacuum for 5 minutes [2-MED-over the shoulder]. Then, refill with nitrogen from the Schlenk line 3 times, to create an inert atmosphere [3-MED-TXT].
3.8.1. Talent attaches a sealed frit filter, attached to a 100 mL Schlenk flask, to the Schlenk line.
3.8.2. Talent evacuates the flask using vaccum.
3.8.3. Talent refilled the Schlenk flask with nitrogen, TEXT: Refill 3x with N2.
3.9. Next, cannula transfer the diethyl ether suspension into the apparatus, and filter the precipitate [1-MED-over the shoulder]. Wash the precipitate with 10 mL of diethyl ether 3 times [2-CU-TXT]. Then, dry the precipitate under reduced pressure for 2 hours [3-MED].
3.9.1. Talent cannula transfers the diethyl ether suspension into the apparatus composed of the sealed frit filter attached to the 100 mL Schlenk flask.
3.9.2. Close up shot of the precipitate as it is being washed, TEXT: Wash 3x.
3.9.3. Talent places the precipitate in a vacuum dryer under vacuum, and turns it on to dry the solid.
4. Synthesis of (Ph2P)C5H2(Ph2P)2P
4.1. Begin by adding 0.484 g of P(I) bromide to a 150 mL Schlenk flask in an inert atmosphere [1-MED]. Then, add 40 mL of dry, degassed THF [2-MED-over the shoulder]. Place the flask in a dry-ice/acetone bath, to cool the suspension to -78 °C [3-MED].
4.1.1. Talent adds 0.484 g of P(I) bromide to a 150 mL Schlenk flask, make sure the inert atmosphere setup is visible in the shot.
4.1.2. Talent adds 40 mL of THF to the Schlenk flask.
4.1.3. Talent places the Schlenk flask in a dry-ice/acetone bath.
4.2. While the suspension is cooling, prepare a solution of 0.625 g of potassium 1,2,4-tris(diphenylphosphino)cyclopentadiene in THF as outlined in the text protocol [1-MED]. Cannula transfer this solution, while stirring, to the Schlenk flask [2-MED].
4.2.1. Talent preparing a THF solution of 0.625 g [K][(Ph2P)3C5H2] in a round bottom flask. If this cannot be shot, instead capture the talent bringing a round-bottomed flask of the prepared solution to the bench.
4.2.2. Talent cannula transfers this solution to the Schlenk flask, make sure that the stir bar is turned on and visibly stirring.
4.3. After the transfer is complete, remove the Schlenk flask from the bath, and allow it to warm to room temperature [1-MED-over the shoulder]. Continue stirring for 2 hours, and a white precipitate will form [2-CU/MED].
4.3.1. Talent removes the Schlenk flask from the bath, and places it on a surface (like a hot plate) where the stir bar can still be used.
4.3.2. Shot of the flask with the stir bar on and stirring. Capture the precipitate in the shot, if it is visible during the stirring process.
4.4. Then, remove the precipitate by transferring the suspension to an air-free fritted filter equipped with a 150 mL Schlenk flask [1-MED]. Collect the yellow solution [2-CU].
4.4.1. Talent transfers the suspension to the described apparatus – an air-free fritted filter equipped with a 150 mL Schlenk flask.
4.4.2. Shot of the collected yellow solution.
4.5. Next, remove the THF under vacuum [1-MED]. Add an 80:20 mixture of diethyl ether to pentane to the resulting oil [2-MED-over the shoulder]. Stir for 20 minutes [3-CU].
4.5.1. Talent, at the vacuum station, removing the THF from the yellow solution.
4.5.2. Talent adds the diethyl ether/pentane mixture to the oil.
4.5.3. Shot of the solution being mixed – with a stir bar.
4.6. Then, filter the suspension through an air-free, fritted flask [1-MED] to collect the yellow precipitate [2-CU].
4.6.1. Talent filters the suspension through an air-free, fritted flask.
4.6.2. Shot of the collected yellow precipitate.
5. Results: Synthesis of Triphosphenium Bromide Salt
5.1. In this study, a stable salt containing a low valent phosphorus(I) source is synthesized by the addition of phosphorus tribromide to diphenylphosphinoethane, in the presence of excess cyclohexene [1-LM].
5.1.1. LAB MEDIA: 55021_Macdonald_Figure1.pdf: Show only the two upper-left images, of diphenylphosphinoethane and phosphorus tribromide forming [dppeP][Br]
5.2. In the samples, the bromide ion can be exchanged for a less reactive anion, such as tetraphenylborate [1-LM]. Addition of [dppeP][BPh4] to a solution containing two equivalents of the carbene, MeNHCMe (pronounce as Methyl-carbene), generates the yellow phosphamethine cyanine dye [MeNHCMe2P][BPh4] (pronounce as “bis-carbene phosphorus one tetraphenylborate") [2-LM].
5.2.1. LAB MEDIA: 55021_Macdonald_Figure1.pdf: Zoom out to show the entire figure, highlighting the [dppeP][BPh4] molecules when tetraphenylborate is mentioned in the VO.
5.2.2. LAB MEDIA: 55021_Macdonald_Figure1.pdf: Highlight the MeNHCMe and [MeNHCMe2P][BPh4] molecules when they are mentioned in the VO.
5.3. [bookmark: _GoBack]The reaction of potassium 1,2,4-tris(diphenylphosphino)cyclopentadiene in a 1:1 stoichometric ratio with [dppeP][Br] (pronounce as “dee pee pee ee – pee one – bromide) yields (Ph2P)C5H2(Ph2P)2P [1-LM].
5.3.1. LAB MEDIA: 55021_Macdonald_Figure1.pdf: Highlight the 1,2,4-tris(diphenylphosphino)cyclophentadiene and (Ph2P)C5H2(Ph2P)2P molecules when they are mentioned in the VO.
(Author Note to VO Talent Regarding 5.3 pronunciation: Pronounce (Ph2P)C5H2(Ph2P)2P as phosphino – triphosphenium zwitterion”  [please note: phosphino is pronounced “foss fee no,” and triphosphenium is pronounced “try foss fee knee um”]).
5.4. The representative results of the 31P NMR spectra for these compounds are seen here [1-LM]. [dppeP][Br] shows the presence of a triplet signal that is significantly shielded at -220 ppm, and a doublet signal at 50 ppm [2-LM]. The 31P NMR spectrum for [dppeP][BPh4] is seen to be nearly identical [3-LM].  
5.4.1. LAB MEDIA: 55021_Macdonald_Figure2.pdf: Show only Figure 2A
5.4.2. LAB MEDIA: 55021_Macdonald_Figure2.pdf: Still showing only Figure 2A, highlight the triplet and doublet signals when they are mentioned in the VO.
5.4.3. LAB MEDIA: 55021_Macdonald_Figure3.pdf: Show only Figure 3A
5.5. The 31P NMR spectrum for [MeNHCMe2P][BPh4] features a singlet signal at -111 ppm that is significantly shielded relative to typical phosphaalkenes, which is consistent with the phosphorus(I) assignment [1-LM].
5.5.1. LAB MEDIA: 55021_Macdonald_Figure5.pdf: Show only Figure 5A: Highlight the singlet at -111 ppm when mentioned in the VO.
5.6. The spectrum for (Ph2P)C5H2(Ph2P)2P reveals the presence of a triplet signal at -174 ppm [1-LM]. This is attributable to the dicoordinate phosphorus(I) center [2-LM]. The singlet at -16.9 ppm is the Ph2P (pronounce as diphenyl-phosphino”/dye fen ill foss fee no) fragment on the backbone, and the doublet signal is attributable to the two Ph2P groups that chelate the phosphorus(I) center [3-LM].
5.6.1. LAB MEDIA: 55021_Macdonald_Figure7.pdf: Show only Figure 7A, highlight the triplet signal at -174 ppm when mentioned in the VO.
5.6.2. LAB MEDIA: 55021_Macdonald_Figure7.pdf: Still showing only Figure 7A, remove the highlight.
5.6.3. LAB MEDIA: 55021_Macdonald_Figure7.pdf: Still showing only Figure 7A, highlight the singlet and doublet when they are mentioned in the VO.

6. Conclusion (said by authors on camera)
6.1. Justin Binder: Once mastered, the high yield syntheses of the phosphorus(I) bromide reagent and the compounds derived from it can be done within 24 hour period.
6.1.1. Interview style: Author saying the above.
6.2. Stephanie Kosnik: While attempting this procedure, it is important to remember that some of the starting materials are air and moisture sensitive so all of the reactions should be done using air- and moisture-free techniques.
6.2.1. Interview style: Author saying the above, TEXT: PBr3, carbene and [K][(Ph2P)3C5H2] are air/moisture sensitive.
(Authors: Please indicate the names of the person(s) speaking these lines.)

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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