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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) ___N___ 
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. To understand the simplicity and convenience of this protocol, steps 2.1 to 2.4 are the most educational ones.    
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? If there is any, I would say, it’s the proper and successful column-chromatography. 

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 provide an operationally simple and catalytic reaction to access unsymmetrical pinacol products. This access is realized by a new cross-pinacol methodology which is based upon a retropinacol / cross-pinacol coupling sequence.  (Intro)

This is accomplished by reaction of aldehydes or ketones with tetraphenyl-1,2-ethanediol in the presence of a catalytic system of titanium(IV) (pronounced titanium four) alkoxides and trialkylchlorosilanes. This reaction is carried out at room temperature and is complete after approximately 12 h. (P1, show left two compounds, then black arrow and reaction conditions, and finally right two compounds). 

Ultimately, high yields within acceptable reaction times are observed. Further, a catalytic performance becomes possible that extremely simplifies the purification of the products. (P2, show Table 2).













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

Authors: The purpose of this section is to introduce you to the viewers, but we want to move quickly to the protocol, so we limit each person to one statement each. Since the statements are short, I’ve selected two for Ulf below, but please feel free to switch the statements if you’d prefer different ones. 
 
1.1. Ulf Scheffler: The main advantage of this technique over existing methods to synthesize unsymmetrical 1,2-diols, like delayed addition of one reactant, excess of one reactant or the precomplexation of one reactant, is that these manipulations are not necessary to obtain unsymmetrical pinacol products in high yields.   
1.2. Ulf Scheffler: This method can help answer key questions in the field of stereoselective C-C bond formation, such as the asymmetric pinacol cross coupling.  
1.3. Ulf Scheffler: Though this method can provide mechanistic insight into cross-pinacol coupling of aldehydes or ketones with tetraphenyl-1,2-ethanediol, it can also be applied or extended to other substrates, such as substituted tartrates, which we have shown previously.
1.4. Ulf Scheffler: We first had the idea for this method, when we investigated asymmetric versions of the Aldol-Tishchenko reaction.
1.4.1. **Rainer Mahrwald: Demonstrating the procedure will be Ulf Scheffler, a post doc from my laboratory.  
1.4.2. Interview style: Author saying the above 
1.4.3. 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. Preparation of Titanium(IV) Tert-butoxide/Triethylchlorosilane solution and Pinacol-reaction of Tetraphenyl-1,2-ethanediol with 2-Ethylbutyraldehyde
2.1. First, dissolve 400 mg of titanium(IV) tert-butoxide in 10.0 mL of dry dichloromethane in a 25 mL flask with continuous stirring. Add 150 mg of triethylchlorosilane to this solution via a syringe at room temperature.  
2.1.1. MED: Talent adds dichloromethane to flask containing stirring titanium reagent.
2.1.2. CU: Stirring titanium solution in flask as talent adds triethylchlorosilane via syringe.
2.2. Following this, add 3.0 mL of dry dichloromethane to 366 mg of tetraphenyl-1,2-ethanediol and 300 mg of freshly distilled 2-ethylbutyraldehyde in a 10 mL snap-cap vial. Then, add 0.5 mL of the titanium(IV) tert-butoxide/triethylchlorosilane solution to the mixture via a syringe and stir at ambient temperature.	
2.2.1. MED-over the shoulder: Talent adds dichloromethane to snap-cap vial containing ethanediol and ethylbutyraldehyde.
2.2.2. MED: Talent adds titanium solution to mixture via syringe and turns on stir plate.
2.3. After approximately 12 hours, confirm the reaction is complete by thin layer chromatography using a 9 to 1 ratio of hexane to acetone as the eluent (TEXT: End of reaction is reached when tetraphenyl-1,2-ethanediol can no longer be detected by TLC). 
2.3.1. MED-over the shoulder: Talent spots plate with reaction mixture and places it in TLC container containing hexane/acetone solution.
2.3.2. Added shot CU: and places it in TLC container containing hexane/acetone solution.
2.3.3. Added shot MED-os: Talent markes plate using UV lamp
(possible Text: The byproduct benzophenone is detectable under UV-light.)
2.3.4. Added shot CU: Talent puts plate in solution
(possible Text: For development of the TLC-plate a cerium(IV)-molybdophosphate solution is applied.)
2.3.5. Added shot CU: Plate as spots appear

2.4. Next, dilute the resulting reaction mixture in 50 mL of dichloromethane and transfer it to a separatory funnel. Wash the diluted reaction mixture successively with 20 mL of saturated aqueous ammonium chloride and 20 mL of sodium hydrogen carbonate solution.
2.4.1. MED: Talent adds dichloromethane to reaction mixture and adds resulting solution to separatory funnel.
2.4.2. MED-over the shoulder WIDE: Talent adds appropriate reagent to funnel, closes and shakes the separatory funnel, and then vents it by turning the stopcock.
2.5. Collect the organic layer into an Erlenmeyer flask and add dry magnesium sulfate. Dry the organic layer by stirring the suspension.	
2.5.1. MED: Talent opens the stopcock of the funnel and collects the organic layer in flask. 
2.5.2. CU: Flask containing organic layer as talent adds magnesium sulfate to it.
2.5.3. MED-over the shoulder: Talent places flask on stir plate and turns it on.
2.6. When finished, filter the suspension using a fluted paper filter and collect the filtrate into an Erlenmeyer flask. Remove the dichloromethane from the filtrate in vacuo at 40°C using a rotary evaporator.	
2.6.1. MED: Talent pours suspension onto fluted paper filter.
2.6.2. CU: Flask as solution drips into it from paper filter.
2.6.3. MED: Talent attaches flask to rotary evaporator and turns it on.
2.7. Following rotary evaporation, purify the remaining residue by flash column chromatography through a column of silica gel with a gradient of hexane and acetone (TEXT: Gradient: 19:1 to 16:4 hexane:acetone) to acquire 280 mg of 3-ethyl-1,1-diphenylpentane-1,2-diol.
2.7.1. MED-over the shoulder CU: Talent adds residue to column and then collects fractions from column.	 
2.8. Confirm the identity of the 1,2-diol by proton nuclear magnetic resonance spectroscopy using deuterated chloroform as the solvent (TEXT: See text protocol for spectral data).
2.8.1. MED: Talent walks up to NMR instrument and places NMR sample tube in it.
3. Pinacol-reaction of Tetraphenyl-1,2-ethanediol with Diethyl Ketone
3.1. Following this, dissolve 366 mg of tetraphenyl-1,2-ethanediol and 345 mg of diethyl ketone in 3.0 mL of dry dichloromethane. Then, add 1.0 mL of the titanium(IV) tert-butoxide/triethylchlorosilane solution.
3.1.1. CU MED: Flask containing ethanediol and diethyl ketone as talent adds dichloromethane to it.
3.1.2. MED-over the shoulder: Talent adds titanium solution to reaction mixture.
3.2. After stirring the mixture for 96 hours, confirm the reaction is complete by thin layer chromatography using a 9 to 1 ratio of hexane to acetone as the eluent (TEXT: End of reaction is reached when tetraphenyl-1,2-ethanediol can no longer be detected by TLC). + ULF SCHEFFLER: “ADD SPOKEN TEXT HERE”
3.2.1. CU: TLC plate as talent spots it with reaction mixture.
3.2.2. Added shot CU: Plate as spots appear.
3.2.3. Added shot CU Talent speaks to camera
3.2.4. Added shot ECU of solution changing color
3.3. At this point, dilute the resulting reaction mixture in 50 mL of dichloromethane. After transferring the diluted reaction mixture to a separatory funnel, wash it successively with 20 mL of saturated aqueous ammonium chloride and 20 mL of sodium carbonate solution.
3.3.1. MED-over the shoulder: Talent adds dichloromethane to reaction mixture.
3.3.2. MED-os: Talent shakes the separatory funnel and vents it by turning the stopcock.
3.4. Once the organic layer has been removed from the separatory funnel, dry it by stirring over dry magnesium sulfate. Filter the suspension using a fluted paper filter to collect the filtrates. Then, remove the dichloromethane from the filtrate in vacuo at 40°C using a rotary evaporator.  
3.4.1. MED: Talent adds magnesium sulfate to flask, places it on stir plate and turns stir plate on.
3.4.2. MED-over the shoulder CU: Talent pours suspension onto fluted paper filter.
3.4.3. CU: Flask on rotary evaporator as dichloromethane is being removed. use 2nd half of 2.6.3.
3.5. Purify the remaining residue by flash column chromatography through a column of silica gel with a gradient of hexane and acetone (TEXT: Gradient: 19:1 to 16:4 hexane:acetone) to acquire 250 mg of 2-ethyl-1,1-diphenylbutane-1,2-diol.
3.5.1. MED: Talent adds collects fractions containing product from a previously prepared column.	
3.6. Finally, confirm the identity of the product by proton nuclear magnetic resonance spectroscopy using deuterated chloroform as the solvent (TEXT: See text protocol for spectral data).
3.6.1. SCREEN LAB MEDIA: Computer screen showing proton NMR spectrum of product.

4. Results: Synthesis of 1,2-Unsymmetrical Diols via Retropinacol / Cross-pinacol Coupling 
4.1. In reactions of tetraphenyl-1,2-ethanediol 1 and acetone in the presence of catalytic amounts of titanium(IV) alkoxides, the formation of 2-methyl-1.1-diphenylpropane-1,2-diol 4a and benzophenone 3 was observed. The corresponding symmetrical 1,2-diol formed by a competitive pinacol coupling of acetone was not detected. However, to obtain quantitative conversions, extremely long and unacceptable reaction times were required under these conditions. A considerable increase in reaction rate was observed by the addition of trialkylchlorosilanes. Overall high yields within acceptable reaction times were observed. Further, a catalytic performance becomes possible that extremely simplifies the purification of the products. 
4.1.1. LAB MEDIA: Scheme 1 (Video Editor: Please highlight structures 4a and 3 when mentioned in 1st sentence).
4.2. Best results were achieved using 5 to 10 mole percent of triethylchlorosilane as well as titanium(IV) tert-butoxide. By means of this catalyst combination, undesired competitive reactions were avoided. Schlenk-conditions were not required, but it was necessary to properly seal the reaction tube. The catalytic species was inactivated by exposure to air but could easily be regenerated afterwards by flushing with an inert atmosphere. Also, the order of addition of reactants and reagents was unsubstantial. Use of α-unbranched aldehydes resulted in a partial formation of the corresponding acetals. In most other cases the diols were isolated in excellent yields. 
4.2.1. LAB MEDIA: Table 1 (Video Editor: In the table, please highlight the rows containing 2a, 2b, and 2p for 6th sentence).
4.3. The use of ketones extended the product scope of this method. A minor increase of catalyst loading was required to afford the corresponding 1,2-diols 4a-s in good to quantitative yields. Again, symmetrical diols were not formed under these reaction conditions. 
4.3.1. LAB MEDIA: Table 2


5. Conclusion (said by authors on camera)
5.1. Ulf Scheffler: Once mastered, this technique can be done within 12 hours if it is performed properly.
5.2. Ulf Scheffler: After its development, this technique paved the way for researchers in the field of asymmetric cross pinacol coupling to explore scope and limitation in the synthesis of chiral 1,2-diols.
5.3. Ulf Scheffler: After watching this video, you should have a good understanding of how simple it is to synthesize 1,2-diols.
[bookmark: _GoBack]       

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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