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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)_________  

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: _____________________________________________

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.) _______2.1-2.4, 5.5-5.8___________________________________
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.) _______none of the steps are difficult____________________
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 procedure is to remove aldehydes and reactive ketones from mixtures by liquid-liquid extraction directly with saturated sodium bisulfite in a miscible solvent. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Cheyenne Brindle: This method can help purify mixtures into their individual components.  Specifically, this method can be used to separate compounds that contain aldehyde or ketone functional groups from other compounds [1-MED].
1.1.1. Cheyenne speaks towards the camera, interview style.
1.2. Cheyenne Brindle: The main advantage of this technique is that it is extremely easy to perform and gives very high separation and recovery rates [1-MED].   
1.2.1. Cheyenne speaks towards the camera, interview style.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Max Furigay:  Following unsuccessful attempts to remove leftover aldehyde reactant from the reaction-product using column chromatography, we specifically reacted the contaminant with bisulfite to form a charged adduct, which is removable by liquid-liquid extraction [1-MED].  
1.3.1. Max speaks towards the camera, interview style. (Videographer Comment: Both Max and Cheyenne read this line) (Editor: Since Cheyenne has two interview statements in the introduction, please use the take with Max as long as it looks/sounds okay)
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. Cheyenne Brindle: Demonstrating the procedure will be Maria Boucher, who is an undergraduate research student from my laboratory [1-MED]/[2-MED].  

1.4.1. Cheyenne speaks towards the camera, interview style.  Editors, please use 1.4.1 as the audio and 1.4.2 as the visual.  

1.4.2. Maria Boucher looks up from workbench or desk and acknowledges the camera.

Authors, I had to edit some of the statements to meet the 30 word maximum for these statements.
Protocol: (read by voice talent at JoVE)
2. Standard Protocol for the Separation of Aromatic Aldehydes from a Mixture 
2.1. The separation of aromatic aldehydes from a mixture is demonstrated here for the separation of benzyl butyrate from a 1 to 1 mixture with anisaldehyde (pronounced as “an-uh-sal-duh-hyd”) [1-LM].
2.1.1. 57639_Brindle_reaction1 – Editors, please highlight the first chemical in the reaction as “benzyl butyrate” is narrated and highlight the second chemical in the reaction as “anisaldehyde” is narrated.
2.2. Throughout this procedure, sodium bisulfite can generate sulfur dioxide gas, thus this protocol should be carried out with proper ventilation, such as in a fume hood [1-WIDE or MED].
2.2.1. Talent prepares the fume hood for preforming the reaction.
2.3. To begin, dissolve 175 microliters of anisaldehyde and 250 microliters of benzyl butyrate in 5 milliliters of methanol [1-MED-over the shoulder].  Transfer the solution to a separatory funnel [2-CU].  Add 1 milliliter of saturated aqueous sodium bisulfite [3-MED] and shake vigorously for approximately 30 seconds [3-MED] [2.3.3B].
2.3.1. Talent dissolves 175 microliters of anisaldehyde and 250 microliters of benzyl butyrate in 5 milliliters of methanol. Use labeled containers.
2.3.2. Separatory funnel as talent transfers the solution there.
2.3.3. Talent adds 1 mL of saturated aqueous sodium bisulfite and shakes the mixture vigorously.  Use labeled containers.
2.3.3B. [Added Shot]: Talent shakes the mixture vigorously.
2.4. Then, add 25 milliliters of deionized water and 25 milliliters of 10% ethyl acetate/hexanes and shake vigorously [1-MED-over the shoulder].  Separate the layers [2-CU].  Dry the organic layer with anhydrous magnesium sulfate [3-MED]. 
2.4.1. Talent adds 25 milliliters of deionized water and 25 mL of 10% ethyl acetate/hexanes and shakes the funnel vigorously.  Use labeled containers. 
2.4.2. Layers in the flask as talent separates them.
2.4.3. Talent adds anhydrous magnesium sulfate to the organic layer from a labeled container.
2.5. Filter the solution to remove magnesium sulfate [1-CU].  Then, concentrate the solution in vacuo using a rotary evaporator [2-MED-over the shoulder].
2.5.1. Talent filters the solution.
2.5.2. Talent attaches the flask to the rotary evaporator to concentrate it.
3. Separation of Aliphatic Aldehydes and Ketones from a Mixture 
3.1. The separation of aliphatic aldehydes and ketones from a mixture is demonstrated here through the separation of benzyl butyrate from a 1 to 1 mixture with benzylacetone [1-LM].
3.1.1. 57639_Brindle_reaction2 – Editors, please highlight the first chemical in the reaction as “benzyl butyrate” is narrated and highlight the second chemical in the reaction as “benzylacetone” is narrated.
3.2. Dissolve 213 microliters of benzylacetone and 250 microliters of benzyl butyrate in 10 milliliters of dimethylformamide [1-MED].  After transferring the solution to a separatory funnel, add 25 milliliters of saturated aqueous sodium bisulfite [2-CU].  Shake the solution vigorously for approximately 30 seconds [3-MED-over the shoulder].
3.2.1. Talent dissolves 213 microliters of benzylacetone and 250 microliters of benzyl butyrate in 10 milliliters of dimethylformamide.  Use labeled containers.
3.2.2. Separatory funnel containing the mixture as talent adds 25 mL of saturated aqueous sodium bisulfite.
3.2.3. Talent shakes the solution vigourously.
3.3. Then, add 25 milliliters of deionized water and 25 milliliters of 10% ethyl acetate/hexanes and shake vigorously [1-CU].
3.3.1. Solution as talent adds 25 milliliters of deionized water and 25 milliliters of 10% ethyl acetate/hexanes and shakes vigorously.  Use labeled containers.
3.4. Max Furigay:  If the bottom aqueous layer appears cloudy, add more water and shake the separatory funnel again.  If you still see a solid after separation, filter all of the material through celite to remove the solid before proceeding to the next step [1-MED].
3.4.1. Max speaks towards the camera, interview style.     
3.5. Next, separate the layers [1-CU].  Return the aqueous layer to the separatory funnel [2-MED-over the shoulder].  Add another 25 milliliters of 10% ethyl acetate/hexanes and shake vigorously [3-MED]. 
3.5.1. Solution as talent separates the layers.
3.5.2. Talent returns the aqueous layer to the separatory funnel.
3.5.3. Talent adds 25 milliliters of 10% ethyl acetate/hexanes and shakes vigorously.  Use labeled containers.
3.6. Drain the aqueous layer, leaving the organic layer in the separatory flask [1-CU].  Then, add the previous organic layer back to the separatory flask [2-MED]. 
3.6.1. Funnel as talent drains the aqueous layer, leaving the organic layer in the separatory flask.
3.6.2. Talent adds the previous organic layer back to the separatory flask.
3.7. Wash the combined organic layers three times with deionized water [1-CU-TXT].  Dry the organic layer with anhydrous magnesium sulfate [2-MED-over the shoulder].  After filtering the solution to remove magnesium sulfate, concentrate in vacuo using a rotary evaporator [3-CU].
3.7.1. Funnel as talent washes the combined orgain layers with deionized water.  TEXT Overlay: 10 mL for each wash
3.7.2. Talent dries the organic layer with anhydrous magnesium sulfate.
3.7.3. Talent attaches the flask holding the filterer solution to the rotary evaporator.
4. Separation of Aldehydes from a Mixture Containing an Alkene
4.1. The separation of aldehydes from a mixture containing an alkene is demonstrated here through the separation of benzyl butyrate from a 1 to 1 mixture with citronellal [1-LM].
4.1.1. 57639_Brindle_reaction3 – Editors, please highlight the first chemical in the reaction as “benzyl butyrate” is narrated and highlight the second chemical in the reaction as “citronellal” is narrated.
4.2. Dissolve 255 microliters of citronellal and 250 microliters of benzyl butyrate in 10 milliliters of dimethylformamide… [1-CU] and transfer the solution to a separatory funnel [2-MED-over the shoulder].  Then, add 25 milliliters of saturated aqueous sodium bisulfite and shake vigorously for approximately 30 seconds [3-MED].
4.2.1. Solutions as talent dissolves 255 microliters of citronellal and 250 microliters of benzyl butyrate in 10 milliliters of dimethylformamide.  Use labeled containers.
4.2.2. Talent transfers the solution to a separatory funnel.
4.2.3. Talent adds 25 milliliters of saturated aqueous sodium bisulfite and shakes vigorously.  Use labeled containers.
4.3. Add 25 milliliters of deionized water and 25 milliliters of hexanes and shake vigorously [1-MED-over the shoulder].
4.3.1. Talent adds 25 milliliters of deionized water and 25 milliliters of hexanes to the solution and shakes vigorously.  Use labeled containers. 
4.4. [1-CU] [2-MED] [3-CU] [4-MED-over the shoulder].
4.4.1. Separatory funnel as talent returns the aqueous layer there.
4.4.2. Talent adds 25 milliliters of hexanes and shakes the solution vigorously.
4.4.3. Separatory flask as talent drains the aqueous layer and leaves the organic layer there.
4.4.4. Talent adds the previous organic layer back to the separatory flask. 
4.5. [1-MED-TXT]. Dry the organic layer with anhydrous magnesium sulfate [2-CU].  Filter the solution to remove magnesium sulfate before concentrating in vacuo using a rotary evaporator [3-MED-over the shoulder].
4.5.1. Talent washes the combined organic layers with deionized water.  Use labeled containers. TEXT Overlay: 10 mL for each wash
4.5.2. Organic layer as talent dries with anyhydrous magnesium sulfate.  Use labeled containers.
4.5.3. Solution as talent filters it.
5. Re-isolation of Aldehydes from a Mixture
5.1. The re-isolation of aldehydes from a mixture is demonstrated here through the separation of piperonal from a 1 to 1 mixture with benzyl butyrate [1-LM].
5.1.1. 57639_Brindle_reaction4 – Editors, please highlight the second chemical in the reaction as “piperonal” is narrated and highlight the first chemical in the reaction as “benzyl butyrate” is narrated.
5.2. Dissolve 217 milligrams of piperonal and 250 microliters of benzyl butyrate in 5 milliliters of methanol and transfer the solution to a separatory funnel [1-MED].  Add 1 milliliter of saturated aqueous sodium bisulfite and shake vigorously for approximately 30 seconds [2-CU].
5.2.1. Talent dissolves 217 milligrams of piperonal and 250 microliters of benzyl butyrate in 5 milliliters of methanol and transfer the solution to a separatory funnel.
5.2.2. Solution as talent adds 1 milliliter of saturated aqueous sodium bisulfite from a labeled container and shakes vigorously.  Use labeled containers.
5.3. Then, add 25 milliliters of deionized water and 25 milliliters of 10% ethyl acetate/hexanes [1-MED-over the shoulder].  After shaking vigorously, separate the layers [2-ECU].  Return the aqueous layer back to the separatory funnel [3-MED]. 
5.3.1. Talent adds 25 mL of deionized water and 25 milliliters of 10% ethyl acetate/hexanes.  Use labeled containers.
5.3.2. Layer interface as talent separates the layers.
5.3.3. Talent returns the aqueous layer back to the separatory funnel.
5.4. Wash the aqueous layer once with 25 milliliters of 10% ethyl acetate/hexanes to remove the small amount of remaining benzyl butyrate [1-CU-TXT].
5.4.1. Solution as talent washes the aqueous layer once with 25 mL of 10% ethyl acetate/hexanes.  Use labeled containers.  TEXT Overlay: This step is optional
5.5. Then, add 25 milliliters of ethyl acetate, followed by 50% sodium hydroxide until a pH strip indicates that the pH is 12 [1-MED-over the shoulder].  Then, shake the solution vigorously [2-MED].
5.5.1. Talent adds 25 mL of ethyl acetate and then 50% sodium hydroxide until a pH strip indicates that the pH is 12.  Use labeled containers.  
5.5.2. Talent shakes the funnel vigorously.
5.6. Gas evolution has been observed during this step and can cause pressure build-up. Make sure to properly vent the separatory funnel [1-CU-TXT].  
5.6.1. Separatory funnel as talent ensures the vent is open.  TEXT Overlay: Scaling up will increase gas evolution 
5.7. Cheyenne Brindle: Piperonal, our example aldehyde, is not sensitive to base, but aldehydes with enolizable alpha hydrogens may be unstable to sodium hydroxide. Substituting saturated sodium phosphate tribasic for sodium hydroxide may mitigate unwanted side reactions caused by a strong base [1-MED].
5.7.1. Cheyenne speaks towards camera, interview style. (Videographer Comment: Both Max and Cheyenne did a take for this one) (Editor: Feel free to use whichever is best)
5.8. After separating the layers, return the aqueous layer to the separatory funnel [1-MED-over the shoulder].  Add 25 milliliters of ethyl acetate and shake vigorously [2-CU].
5.8.1. Talent returns the aqueous layer to the separatory funnel.
5.8.2. Solution as talent adds 25 mL of ethyl acetate and shakes vigorously.  Use labeled containers.
5.9. After separating the layers, combine the organic layer with the organic layer from the previous step before drying [1-CU-TXT].  Filter and concentrate the solution as before [2-MED].
5.9.1. Talent combines the organic layers.  TEXT Overlay: Dry with anhydrous magnesium sulfate
5.9.2. Talent places the filtered solution onto a rotary evaporator
6. Results: Representative 1H NMR Indicate Success of Separation
6.1. The success of this protocol can be judged by proton NMR [1-Title Card].
6.1.1. Title Card  
6.2. If the protocol is unsuccessful, the aldehyde or ketone will remain in the mixture, and can be detected by its characteristic signals in the NMR spectrum [1-LM].  Aldehydes have characteristic signals between 9 and 10 ppm, so the presence of a peak in this region indicates a failed separation [2-LM]. 
6.2.1. figure4.tiff
6.2.2. figure4.tiff – Editors, please highlight the peak labeled “a” at about 10 ppm as well as the statement “aldehyde peak visible.”
6.3. A successful separation will not have a peak in this region, and will only contain the peaks associated with the non-aldehyde component of the original mixture [1-LM]. 
6.3.1. figure5.tiff – Editors, please highlight the statement “no aldehyde peak visible.”
6.4. When using an alkene-containing mixture, side reactions with the alkene are sometimes observed. These can be detected by the appearance of peaks unassociated with either original component [1-LM].
6.4.1. figure6.tiff – Editors, please highlight the statement “significant impurity peaks” and the corresponding arrows.
6.5. This problem can be mitigated by using hexanes, a solvent with low sulfur-dioxide solubility, which is responsible for the unwanted side reactions [1-LM].  A successful separation will not contain peaks in the NMR unassociated with the original components [2-LM].
6.5.1. figure7.tiff
6.5.2. figure7.tiff – Editors, please highlight the statement “small impurity peaks.” 
6.6. When re-isolating the aldehyde, a small amount of the other component can be detected by proton NMR [1-LM].
6.6.1. figure8.tiff – Editors, please highlight the molecule labeled with red letters on the right side of the spectrum and the corresponding peaks labeled with red letters.
6.7. This component can be nearly entirely removed by performing the optional wash of the aqueous layer prior to reversing the bisulfite reaction [1-LM]. 
6.7.1. figure9.tiff
7. Conclusion (said by authors on camera)

7.1. Maria Boucher: Once mastered, this technique can be done in 15 minutes if it is performed properly [1-MED].
7.1.1. Maria speaks towards the camera, interview style.
7.2. Max Furigay:  This protocol is effective for aromatic and aliphatic aldehydes, including sterically-hindered neopentyl aldehydes.  Methyl and cyclic ketones can be removed, while sterically more hindered or conjugated ketones are unreactive [1-MED].
7.2.1. Max speaks towards the camera, interview style.
7.3. Cheyenne Brindle: Nearly all functional groups are tolerated in the protocol, including electrophilic functional groups such as epoxides or benzyl chlorides.  One exception is aliphatic amines, which undergo an acid/base reaction with bisulfite, and are therefore partially ionized during the protocol [1-MED].

7.3.1. Cheyenne speaks towards the camera, interview style.
Authors, the results section was over the 200 word limit.  Additionally, figures 1-3 have a lot of information for the viewers to absorb in the couple of seconds that they will be shown in the video, and are better suited for the text protocol.  However, I moved most of the omitted information to the conclusions so that we could still include it.  The conclusion section was a little short before, so I think adding the information here works well.
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.
57639_Brindle_reaction1
57639_Brindle_reaction2
57639_Brindle_reaction3
57639_Brindle_reaction4
figure4.tiff
figure5.tiff  
figure6.tiff  
figure7.tiff
figure8.tiff  
figure9.tiff
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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