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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) N/A  

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.) 2.2, 2.4, 2.6
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.) For a novice, the extraction step 2.6 might be the most challenging. To ensure success, the separatory funnel should be gently shaken several times (~3), with pauses to vent in between. The two layers must then be allowed to fully separate before removing the bottom aqueous layer.
E.  Will the filming need to take place in multiple locations? (Y/N) Y If yes, how far apart are the locations? Down the hall to use the rotary evaporator and the NMR spectrometer
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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)
1.1. Erin Kolonko: The overall goal of this experiment is to provide a greener methodology for a common esterification reaction, which could serve useful for ester synthesis in academic and industrial applications.
1.2. Erin Kolonko: Our method can be used for efficient and mild synthesis of esters by coupling carboxylic acids with primary or secondary alcohols or phenols.
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Erin Kolonko: The main advantage of this technique is that it eliminates the use of hazardous chlorinated or amide reaction solvents and minimizes solvent waste during purification without sacrificing reaction rate or product purity.
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. **Erin Kolonko: Demonstrating the procedure will be Andrew Lutjen and Mackenzie Quirk, undergraduate researchers from my laboratory.
1.1.1. Interview style: Author saying the above 

1.1.2. 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. Carbodiimide Coupling Reaction for Primary Alcohols and Extraction Workup
2.1. First, combine trans-cinnamic acid, DMAP (pronounce: DEE-map), and EDC (pronounce: E-D-C) in a 50 milliliter round bottom flask [1-MED-TXT]. Add 15 milliliters of acetonitrile and 98 microliters of 3-methoxybenzyl alcohol to the mixture along with a magnetic stir bar [2-MED-over the shoulder].
2.1.1. Talent adds reagents to round bottom flask. TEXT: 151 mg (E)-cinnamic acid, 312 mg DMAP, 244 mg EDC.
2.1.2. Talent adds acetonitrile, 3-methoxybenzyl alcohol and stir bar to flask. Show 3-methoxybenzyl alcohol container label in frame if possible. 
2.2. Clamp the flask in a 40 degrees Celsius water bath and stir the reaction [1-MED]. Monitor the reaction by TLC using ethyl acetate and hexanes [2-MED-over the shoulder-TXT].
2.2.1. Talent places flask in water bath on hot plate and turns on the stirring. 
2.2.2. Talent removes TLC plate from chamber containing ethyl acetate and hexanes and visualizes the spots on the plate with the UV lamp. TEXT: 1:3 EtOAc:hexanes. Author Note: TLC shows the reaction is complete.
2.3. Once the reaction is complete, remove the acetonitrile under reduced pressure using a rotary evaporator to obtain a crude solid [1-MED]. 
2.3.1. Talent attaches round bottom flask containing reaction mixture to rotary evaporator and turns on evaporator.
2.4. To the residue, add 20 milliliters each of diethyl ether and 1 molar hydrochloric acid [1-MED-over the shoulder-TXT]. Swirl the flask to dissolve the residue into the solvent layers [2-MED].

2.4.1. Talent adds diethyl ether and HCl to round bottom flask containing residue. TEXT: EtOAc can be used but may cause emulsions. 

2.4.2. Talent swirls the flask and checks that the residue is dissolved in solution. 
2.5. Next, pour the solution into a separatory funnel [1-MED-over the shoulder]. Rinse the evaporating flask with 5 milliliters of diethyl ether and add the rinse to the separatory funnel [2-MED].

2.5.1. Talent transfers solution into separatory funnel.
2.5.2. Talent adds diethyl ether to flask, swirls the flask, and transfers rinse to separatory funnel.
2.6. Gently shake the separatory funnel to extract the product into the ether layer, venting periodically [1-MED-over the shoulder]. Allow the layers to separate, and then remove the aqueous layer by draining it out from the bottom of the funnel into an Erlenmeyer flask [2-MED].
2.6.1. Talent shakes separatory funnel and opens the stopcock to vent. 

2.6.2. Talent sets separatory funnel down to allow the layers to separate and opens stopcock to drain bottom aqueous layer into a flask.
3. Washing Procedure

3.1. To the organic layer remaining in the separatory funnel, add 20 milliliters of 1 molar hydrochloric acid and gently shake the separatory flask, venting periodically [1-MED]. Allow the layers to separate, and then remove the aqueous layer by draining it out from the bottom of the funnel into an Erlenmeyer flask [2-MED-over the shoulder].
3.1.1. Talent adds HCl, shakes separatory funnel and opens the stopcock to vent. Videographer: Please get multiple useable takes, shot will be repeated later. 

3.1.2. Talent sets separatory funnel down to allow the layers to separate and opens stopcock to drain bottom aqueous layer into a flask.
3.2. Repeat the washing procedure with saturated sodium bicarbonate and saturated sodium chloride [1-MED-TXT]. 

3.2.1. Talent adds saturated sodium bicarbonate, shakes separatory funnel and opens the stopcock to vent. Show one wash only. TEXT: 2 x 20 mL NaHCO3, 20 mL NaCl. 
3.3. After completing the washing steps, transfer the organic layer from the separatory funnel into a clean Erlenmeyer flask [1-MED-over the shoulder-TXT]. Dry the layer with magnesium sulfate [2-MED]. Then, gravity filter the solution through filter paper into a massed evaporation flask [3-MED-over the shoulder].  
3.3.1. Talent pours the organic layer into Erlenmeyer flask.

3.3.2. Talent adds magnesium sulfate to Erlenmeyer flask containing organic layer and manually swirls the flask.

3.3.3. Talent pours the contents of the Erlenmeyer flask through the filter paper into the evaporating flask.
3.4. Following this, remove the diethyl ether solvent under reduced pressure using a rotary evaporator [1-MED-over the shoulder].
3.4.1. Talent attaches evaporation flask containing filtered solution to rotary evaporator and turns on evaporator. Author note: Multiple shots taken of 2.3.1. to use here.
3.5. Analyze a sample of the product by proton and carbon NMR spectroscopy in deuterated chloroform and by mass spectrometry [1-MED]. 
3.5.1. Talent places previously prepared NMR sample into NMR spectrometer and starts the measurement on the computer. 
4. Carbodiimide Coupling Reaction for Secondary and Electron-deficient Alcohols

4.1. In a 50 milliliter round bottom flask, combine trans-cinnamic acid, DMAP (pronounce: DEE-map), and EDC (pronounce: E-D-C) [1-MED-over the shoulder-TXT]. Add 15 milliliters of acetonitrile and 157 milligrams of diphenylmethanol to the mixture along with a magnetic stir bar [2-MED].
4.1.1. Talent adds reagents to round bottom flask. TEXT: 151 mg (E)-cinnamic acid, 312 mg DMAP, 244 mg EDC.

4.1.2. Talent adds acetonitrile, diphenylmethanol and stir bar to flask. Show diphenylmethanol container label in frame if possible. 
4.2. Clamp the flask and stir the reaction at room temperature for 24 hours [1-MED-over the shoulder-TXT]. Insert an air condenser into the flask neck to minimize solvent evaporation [2-MED].  
4.2.1. Talent places flask on stir plate and turns on the stirring. TEXT: Protocol modification: increased reaction time.
4.2.2. Talent inserts air condenser into flask neck.
4.3. Once the reaction is complete, follow the extraction workup and washing procedure as previously described [1].  
4.3.1. Use shot 3.1.1.
5. Carbodiimide Coupling Reaction for Long-Chain or Hydrophobic Carboxylic Acids

5.1. In a 50 milliliter round bottom flask, combine decanoic acid, DMAP, and EDC [1-MED-TXT]. Add 15 milliliters of acetonitrile and 157 milligrams of diphenylmethanol to the mixture along with a magnetic stir bar [2-MED-over the shoulder-TXT].
5.1.1. Talent adds reagents to round bottom flask. TEXT: 146 mg decanoic acid, 312 mg DMAP, 244 mg EDC.

5.1.2. Talent adds acetonitrile, diphenylmethanol and stir bar to flask. Show diphenylmethanol container label in frame if possible. TEXT: Protocol modification: 1:1 molar ratio of acid and alcohol. 
5.2. Clamp the flask and stir the reaction at room temperature for 24 hours [1-MED]. Insert an air condenser into the flask neck to minimize solvent evaporation [2-MED-over the shoulder-TXT]. 
5.2.1. Talent places flask on stir plate and turns on the stirring.

5.2.2. Talent inserts air condenser into flask neck. TEXT: 1( alcohol: stir at 40 (C for 1 h in water bath.
5.3. Once the reaction is complete, follow the extraction workup and washing procedure as previously described [1].  
5.3.1. Use shot 3.1.1.
6. Results: Characterization of Esters Formed from the Greener Steglich Esterification
6.1. Using the modified Steglich esterification reaction, 3-methoxybenzyl cinnamate was obtained in 90 percent yield without the need for column chromatography, as confirmed by proton and carbon NMR spectroscopy [1-LM]. 
6.1.1. 58803fig2.eps: Highlight figure A at mention of “proton” and figure B at mention of “carbon”.
6.2. Compounds 9 to 17 were synthesized using a similar protocol with yields of 77 to 90 percent [1-LM]. All compounds were analyzed by NMR spectroscopy and high-resolution mass spectrometry and found to be of similar purity to 3-methoxybenzyl cinnamate by NMR analysis [2-LM]. 
6.2.1. 58803fig3.eps: Highlight compounds 9-17.

6.2.2. 58803Table 1.eps: If not possible to show entire table, show as many compounds as possible. Highlight 1H NMR and 13C NMR columns at mention of “NMR spectroscopy” and HRMS column at mention of “high-resolution mass spectrometry”. 
6.3. Slight changes to the protocol for primary alcohols were made to obtain optimal yields and purity for compounds 12 to 17 [1-LM]. Secondary alcohol reactions were run for longer to allow the reaction to go to completion [2-LM]. In the decanoic acid reactions for ester compounds 12 and 17 [3-LM], using 1.2 equivalents of carboxylic acid to 1 equivalent of alcohol for both primary and secondary alcohols yielded esters with a decanoic acid impurity [4-LM]. 
6.3.1. 58803fig3.eps: Highlight compounds 12-17.

6.3.2. 58803fig3.eps: Highlight compounds 13-16.

6.3.3. Added shot: 58803fig3.eps: Highlight compounds 12 and 17.

6.3.4. 58803fig4.eps: Highlight inset and blue arrow in spectrum of figure A at mention of “a decanoic acid impurity”.
6.4. The impurity issue was solved by using a 1 to 1 molar ratio of decanoic acid to alcohol, with a slightly longer reaction time [1-LM]. These conditions yielded pure ester products indicated by a loss of the impurity signal at 2.35 ppm in the proton NMR spectrum [2-LM]. 
6.4.1. 58803fig4.eps
6.4.2. 58803fig4.eps: Highlight inset in spectrum of figure B.

7. Conclusion (said by authors on camera)

7.1. Erin Kolonko: As with any organic synthesis method, Safety Data Sheets for chemicals should be consulted and proper personal protective equipment and facilities should always be used while performing this procedure. Thank you for watching and good luck with your experiments!
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.  

6-1-1_58803fig2.eps – proton (Fig 2A) and carbon (Fig 2B) NMR spectra of ester product
6-2-1_58803fig3.eps – list of ester products; highlight 9-17
6-2-1_58803Table1.eps – characterization table for esters
6-3-1_58803fig3.eps – list of ester products; highlight 12-17
6-3-2_58803fig3.eps – list of ester products; highlight 13-16
6-3-3_58803fig3.eps – list of ester products; highlight 12 and 17

6-3-4_58803fig4.eps – Fig A: proton NMR spectrum showing decanoic ester impurity
6-4-1_58803fig4.eps – Fig B: proton NMR spectrum showing no impurity with 1:1 ratio of reagents
6-4-2_58803fig4.eps – Fig B: highlight of inset
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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