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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 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) ___N____ 
B.   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 steps    2.2, 2.4, 3.2, 4.2, 4.3, 4.6-4.7, ev. 4.9
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  right setup (N2-atmosphere) for the catalytic reaction (step 4.4)

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 demonstrate that arylated olefins are smoothly formed by the cross-coupling of aryl bromides with olefins under mild reaction conditions in the presence of catalytic amounts of dichloro{bis[1,1’,1’’-(phosphinetriyl)tripiperidine]}palladium. (Intro)

This is accomplished by first preparing the aminophosphine based ligand 1,1’,1’’-(phosphine-triyl)tripiperidine in a one-step synthesis with cheap and commercially available starting materials. (P1, show top left “Ligand synthesis” graphic.  Show “PCl3 + 3 piperidine” followed by black arrow and “-3 piperidinium chloride”.  Then show “P(piperidinyl)3”.)

The second step involves formation of the active pre-catalyst 1 by coordination of two equivalents of the aminophosphine on the palladium center by mixing dichloro-1,5-cyclooctadienepalladium with a slight excess of 1,1’,1’’-(phosphinetriyl)tripiperidine. (P2, show “Catalyst synthesis” graphic.  Show “[(cod)Pd(Cl2)]” and structure 1.  Then make black arrow appear from left to right followed by “2 P(piperidinyl)3”, “1 min, 25 °C”, and “-cyclooctadiene”.)

Next, the cross-coupling reaction between styrene and 4-bromophenoxybenzene is carried out by a simple one-pot reaction containing the substrates, base, solvent, stabilizer and catalyst. (P3, Show top right “Exemplary Mizoroki-Heck reaction” graphic.  Show two left structures followed by black arrow and “0.05 mol% of 1”, “100 °C”, “K2CO3”, “NBu4Br”, and “NMP”.  Then show right structure.)

The final step is to purify the formed coupling product by column chromatography and to analyze and fully characterize the pure compound. (P4, show right structure of P3 and make 13C{1H} NMR spectrum appear behind it.)

Ultimately, the novel, highly active aminophosphine based palladium catalyst 1 is used to couple aryl bromides with olefinic substrates using a Mizoroki-Heck reaction under much milder reaction conditions than typically required.  This uniformly applicable reaction allows shortened synthetic access to new organic molecules containing vinylbenzene units in very high yields, which are found in pharmaceutically active compounds. (P5, show “General applicability of 1 and importance of the Mizoroki-Heck reaction” graphic.)

Video Editor: Please use “51444_Frech_procedural narrative scheme.tiff” or “51444_Frech_procedural narrative scheme.pptx”

B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. C.M. Frech: The main advantage of this catalyst over existing systems is that this catalyst is simple and rapidly prepared from very cheap and commercial available starting materials in one step and combines high stability, universal applicability and excellent functional group tolerance with high reactivity under mild reaction conditions.   


Protocol (read by voice talent at JoVE):

2. Ligand Synthesis (1,1’,1’’-(Phosphinetriyl)tripiperidine) 
2.1. First, add 150 ml of dry diethyl ether and 5 mL of phosphorous trichloride to an oven-dried 500 ml round bottomed flask. After placing a stir bar in the flask, attach a 250 ml dropping funnel and cover it with a septum. Then, cool down the solution to 0°C by placing the flask in an ice bath. 
2.1.1. MED: Talent adds diethyl ether and phosphorous trichloride to round bottomed flask.
2.1.2. MED-over the shoulder: Talent attaches dropping funnel to top of flask and closes it with a septum.
2.1.3. MED: Talent places flask in an ice bath.
2.2. Mix 42.5 ml of piperidine with 100 ml of diethyl ether and transfer this solution to the dropping funnel.  Next, slowly add the solution via the dropping funnel into the stirring phosphorous trichloride solution (TEXT: Piperidine addition is accompanied by precipitation of piperidinium chloride).
2.2.1. MED-over the shoulder: Talent mixes piperidine and diethyl ether together.
2.2.2. MED: Talent transfers solution to dropping funnel with a syringe.
2.2.3. CU: Flask as talent slowly adds solution via the dropping funnel to observe the precipitation.
2.3. After complete addition, remove the ice bath and warm the reaction mixture to room temperature. In order to ensure full conversion, stir the solution for an additional 30 minutes.
2.3.1. MED: Talent removes ice bath from flask.
2.3.2. CU: Flask as solution is stirring.
2.4. Following this, filter the reaction mixture over a glass frit and collect the filtrate in a 500 ml round bottomed flask. In order to increase the yield of 1,1’,1’’-(phosphinetriyl)tripiperidine, wash the filter cake with an additional 100 ml of dry diethyl ether.	
2.4.1. MED-over the shoulder: Talent adds solution to glass frit that is attached to round bottomed flask.
2.4.2. MED: Talent adds additional diethyl ether to filter cake in glass frit.
2.5. Evaporate the filtrate on a rotary evaporator to obtain the pure ligand in >80% yield as an off-white oil, which solidifies with time. Check the product purity by proton-decoupled phosphorous NMR spectroscopy.	
2.5.1. MED-over the shoulder: Talent attaches flask to rotary evaporator and turns it on.
Added shots: 		2.5.2. 	CU: doing the settings 
2.5.3. 	MED: Turning of evaporator
2.5.2. MED: Talent walks up to NMR instrument and places NMR sample tube in it.
3. Catalyst Synthesis (Dichloro{bis[1,1’,1’’-(phosphinetriyl)tripiperidine]}palladium)
3.1. For the catalyst synthesis, add 100 mg of dichloro-1,5-cyclooctadienepalladium to a clean, oven-dried 50 ml round bottomed flask containing 5 ml of dry tetrahydrofuran. Add a stir bar, cover the flask with a septum and stir the suspension.
3.1.1. MED-over the shoulder: Talent adds palladium reagent to round bottomed flask containing tetrahydrofuran. {This shot was not filmed}
3.1.2. MED: Talent adds stir bar and covers flask with a septum. {This shot was not filmed.}
3.1.3. CU MED: Flask as talent turns on stir plate to observe suspension stirring.
Added shot: 		3.1.4. 	CU: Flask
3.2. Next, add 248 mg of 1,1’,1’’-(phosphinetriyl)tripiperidine to a clean, dry vial containing 10 mL of dry THF. After transferring the solution to a syringe, add it to the tetrahydrofuran suspension of dichloro-1,5-cyclooctadienepalladium. (TEXT: Suspension immediately turns into dark yellow solution, indicating reaction completion).
3.2.1. MED: Talent adds phosphine reagent to vial containing tetrahydrofuran. Talent takes up the phosphine by syringe.
3.2.2. CU: Flask containing palladium solution as talent adds phosphine solution to observe color change to dark yellow.
3.3. In order to remove the insoluble solids, pass the reaction mixture quickly through an oven-dried glass frit and collect the filtrate in a 25 ml round bottomed flask. Remove the volatiles under reduced pressure. When finished, wash the palladium complex three times with 5 ml of pentane.		
3.3.1. MED: Talent adds reaction mixture to glass frit that is attached to round bottomed flask.
3.3.2. MED-over the shoulder: Talent attaches flask to Schlenk line and opens vacuum valve.
Added shot: 		CU: Filter cake
3.3.3. MED: Talent adds pentane to flask containing palladium complex and swirls mixture.
3.4. Following this, remove the pentane. Dry the yellow powder under reduced pressure to quantitatively obtain analytically pure dichloro{bis[1,1’,1’’-(phosphinetriyl)tripiperidine]}palladium. Check the purity of the palladium complex by proton-decoupled phosphorous NMR spectroscopy.	
3.4.1. MED: Talent carefully pours removes pentane (by pipette) out of flask.
3.4.2. CU MED: Flask containing yellow powder as talent attaches it to Schlenk line and opens vacuum valve. 
3.4.3. SCREEN: Computer screen showing phosphorous NMR spectrum of product. {This shot was not filmed: In case you want a LAB MEDIA from this spectrum, please let me know}
4. Heck Reaction Catalyzed by Dichloro{bis[1,1’,1’’-(phosphinetriyl)tripiperidine]}palladium
4.1. At this point, add 37.15 mg of dichloro{bis[1,1’,1’’-(phosphinetriyl)tripiperidine]}palladium to an oven-dried 50 ml Schlenk flask. After covering the flask with a septum, evacuate it and backfill with nitrogen gas. Add 10 mL of dry and degassed tetrahydrofuran via syringe to the flask.	
4.1.1. CU: Schlenk flask as talent adds palladium reagent to it.
4.1.2. MED-over the shoulder: Talent briefly places the flask under vacuum and then opens the nitrogen valve on Schlenk line.
4.1.3. MED: Talent adds tetrahydrofuran to the flask.
4.2. Add 322.4 mg of tetrabutylammonium bromide and 2.77 g of potassium carbonate to a clean, oven-dried 50 ml round bottomed Schlenk flask. Using a syringe, add 20 mL of N-methyl-2-pyrrolidone to the flask. After adding a stir bar and covering the flask with a septum, evacuate and backfill the flask with nitrogen gas. 
4.2.1. MED-over the shoulder: Talent adds tetrabutylammonium bromide and potassium carbonate to round bottomed Schlenk flask.
Added shot: MED: Take up of N-methyl-2-pyrrolidone with a syringe
4.2.2. CU MED: Flask as talent adds N-methyl-2-pyrrolidone with a syringe.
4.2.3. MED: Talent briefly places the flask under vacuum and then opens the nitrogen valve on Schlenk line.
4.3. Next, add1.75 ml of 1-bromo-4-phenoxybenzene via syringe to the flask. 
4.3.1. CU MED: Add phenoxybenzene and styrene as talent adds N-methyl-2-pyrrolidone to it to flask with syringe and stir the mixture.
4.3.2. MED-over the shoulder: Talent transfers solution from vial adds styrene to flask with a syringe.
4.4. Attach a reflux condenser to the flask by applying a stream of nitrogen. Then, connect the reflux condenser to an oil bubbler and set a slight overpressure of nitrogen gas.	
Shots 4.4.1. and 4.4.2. were combined	
4.4.1. MED: Talent attaches reflux condenser to flask and then to Schlenk line. 
4.4.2. MED-over the shoulder: Talent attaches reflux condenser to oil bubbler and turns up nitrogen gas flow.
4.5. Heat the reaction solution to 100 °C and stir the solution for 5 minutes at this temperature. 
4.5.1. MED: Talent turns on temperature and stir controls.
4.6. Following this, add 1 ml of the catalyst solution to the reaction mixture via syringe and stir it vigorously for 3 hours. Check the product formation by GC/MS.
4.6.1. CU MED: Flask containing reaction mixture as talent adds catalyst solution to it and turns up the stir rate.
4.6.2. MED: Talent walks up to GC/MS instrument and places sample in it. {This shot was not filmed}
Add LAB MEDIA: GC/MS of product (different isomers). Figure 5 (Video Editor: Please show this figure for 2nd sentence).

4.7. Once the reaction is complete, remove the Schlenk flask from the oil bath and quench the reaction mixture with 50 mL of 1 M hydrochloric acid. Transfer the cooled reaction mixture to a 500 ml separation funnel and add 50 ml of ethyl acetate. 
4.7.1. MED-over the shoulder: Talent removes Schlenk flask from oil bath and adds 1 M hydrochloric acid to reaction mixture.
Added shots: 		4.7.2. 	MED: Talent transfers solution to funnel
			4.7.3. 	MED: Talent adds 1 M hydrochloric acid to reaction mixture
4.7.2. MED: Talent adds cooled reaction mixture to separation funnel and then adds ethyl acetate.
4.8. Separate the Heck product by extraction.  After repeating the extraction two more times, combine all organic phases in an Erlenmeyer flask. Add magnesium sulfate to the flask to soak up any last amount of water present in the solution.
4.8.1. MED-over the shoulder: Talent shakes the separatory funnel and vents it by turning the stopcock. {after watching the shot: is stopcock the correct expression here?}
4.8.2. 	MED: Talent opens the stopcock of the funnel and collects the organic layer into flask.
4.8.3. MED-over the shoulder: Talent adds magnesium sulfate to flask and swirls the solution.
4.9. Next, filter the combined organic layers over a paper filter into a round bottomed flask. Wash the filter cake with an additional 50 ml of ethyl acetate. Then, concentrate the solution on a rotary evaporator to obtain the crude coupling product.
4.9.1. MED: Talent adds combined organic layers to funnel containing paper filter attached to round bottomed flask.
4.9.2. CU: Filter cake in funnel as talent adds ethyl acetate to it.
4.9.3. MED-over the shoulder: Talent attaches flask to rotary evaporator and turns it on. {This shot was not filmed}
4.10. Separate the Heck product via column chromatography using a 5:1 mixture of hexane and diethyl ether as the eluent. After evaporating the solvent on a rotatory evaporator, check the product purity by proton and proton-decoupled carbon NMR spectroscopy.	
4.10.1. MED: Talent collects fractions containing Heck product from a previously prepared column.
4.10.2. MED-over the shoulder: Talent at NMR computer looks at proton or carbon NMR spectrum to check the product purity.
5. Results: Mizoroki-Heck Reaction Catalyzed by Dichloro{bis[1,1’,1’’-(phosphinetriyl)tripiperidine]}palladium
5.1. Shown here is a selection of recently prepared cross-coupling products that demonstrates the scope of this protocol. The coupling products are cleanly formed and typically obtained in excellent yields within reasonable reaction times. The E-isomer of the arylated olefins is often exclusively formed. Accordingly, dichloro{bis[1,1’,1’’-(phosphinetriyl)tripiperidine]}palladium is a cheap, easily accessible, and green catalyst. Although stable, it is a highly reactive Heck catalyst with high functional group tolerance, which efficiently and reliably operates at low catalyst loadings with an easily adaptable and robust reaction protocol. 
5.1.1. [bookmark: _GoBack]LAB MEDIA: Table 1 (Video Editor: Please show this table for 1st sentence).
5.1.2. LAB MEDIA: Figure 4 (Video Editor: Please show this figure for 2nd and 3rd sentences).
5.1.3. LAB MEDIA: Figure 3 (Video Editor: Please show compound 1 of this figure for last two sentences). 
5.2. Best results were achieved with N,N-dimethylformamide when electronically activated or non-activated aryl bromides were used to give compounds a2, a5, a6, a7, a13, a17, a18, b1, and h4. N-methyl-2-pyrrolidone, however, was found to be the solvent of choice when electronically deactivated and sterically hindered or heterocyclic aryl bromides were coupled with alkenes. Examples include the preparation of compounds a9, a12, a14, c3, d3, d4, e2, e3, f2, f4, g3, g4, h5, and h6. 
5.2.1. LAB MEDIA: Table 1 (Video Editor: Please highlight the corresponding structures when mentioned in voiceover).


6. Conclusion (said by authors on camera)

6.1. Miriam Oberholzer: After watching this video, you should have a good understanding of how to apply this uniformly applicable reaction protocol to perform a typical catalytic reaction in a Heck-type manner with Frech’s aminophosphine based palladium catalyst. 


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.

51444_CMFrech_Table1.tif

51444_CMFrech_Figure4.tif 

51444_CMFrech_Figure3.tif

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.
 2012, Journal of Visualized Experiments

