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Authors, please fill out the brief questionnaire below.   

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: _______________N/A_______________
**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, 3.7, 4.1, 4.2, 5.3_______
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  
The most difficult aspect of this procedure is solvent selection for the microwave-assisted dehydrogenative dehydro-Diels-Alder reaction. Choosing an appropriate microwave irradiation solvent is often complicated because a variety of solvent characteristics need to be considered to ensure optimal heating. First and foremost, a successful reaction must be possible in a solvent that is compatible with microwave conditions. Factors such as boiling point, microwave absorption, polarity, and quantity of solvent in the microwave vial all affect heating and reaction outcome. The microwave-assisted dehydrogenative dehydro-Diels-Alder reaction is most often performed in 1,2-dichlorethane (DCE) as the solvent. DCE is a lower boiling solvent and a poor microwave absorber which frequently fails to attain the target temperature of the reaction. To ensure a successful cyclization, o-dichlorobenzene (DCB) can be used as an alternative solvent because it has a higher boiling point and is a better microwave absorber. However, DCB is a less attractive irradiation solvent because it is more difficult to remove. 

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:
The overall goal of the following experiment is to generate functionalized naphthalenes via a microwave-assisted dehydrogenative dehydro-Diels-Alder, or DDDA, reaction. (Intro)

This is achieved by microwave irradiation of styrenyl precursors to produce diverse naphthalene substrates. (P1)
Editors, please step through the flow chart in C1 of the schematic figure. – The upper left image goes into the tube, the tube goes into the microwave synthesizer, the lower right image emerges from the microwave synthesizer. Please keep the text labels (except “microwave vial” is not needed).

As a second step, a Buchwald-Hartwig palladium-catalyzed cross-coupling reaction of the naphthalenes with an amine is conducted.  This results in naphthalenes containing electron-donating and electron-withdrawing groups that function as solvatochromic fluorescent dyes and are structurally related to a commercially available dye, Prodan. (P2)  
Editors, please step through the flow chart in C2 of the schematic figure, correlating the end of the last sentence with the appearance of the new fluorescent dye.

Next, solutions of the dye are prepared in order to measure the selected photophysical properties of the new substrates.  This novel synthetic approach affords access to molecular architectures possessing desirable photophysical properties and attractive chemical properties. (P3)
Editors, please step through the flow chart in C3 of the schematic figure.

Results are obtained that show the intriguing solvatochromic behavior and large Stokes shifts of these dyes based on fluorescence emission spectroscopy in a variety of solvents.  The synthetic utility of the DDDA reaction is demonstrated by the synthesis of a number of naphthalene-containing fluorophores possessing tunable photophysical and chemical properties. (P4)
Editors, please show C4 of the schematic figure here. 


[image: ]
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Erica Benedetti:  The main advantage of this technique over existing methods, like conventional heating, is that microwave-assisted formation of desired products is achieved in shorter reaction times, higher yields, and milder reaction conditions.  In the case of the DDDA reaction, microwave irradiation leads to the formation of more pure products because of increased product selectivity. 
1.1.1. MED:  Erica speaks toward camera, interview style. (Take 2)
1.2. Laura Kocsis:  This method can help address key questions in the synthesis and development of aromatic substrates.  In particular, functionalized naphthalene compounds are valuable building blocks that can function as organic semiconductors in electronic devices, which includes organic light emitting diodes.  Their unique electronic properties also make these small molecules ideal for application to liquid crystalline displays. 
1.2.1. MED:  Laura speaks toward camera, interview style. (Take 5)
1.3. Dr. Kay Brummond:  Moreover, functionalized naphthalenes are prevalent in a number of natural products and pharmaceuticals.  They play an integral part in asymmetric catalysis, serving as the key chromophoric subunit of many popular synthetic dyes. 
1.3.1. MED:  Kay Brummond speaks toward camera, interview style. (Take 5)

Protocol (read by voice talent at JoVE):
2. Microwave-Assisted Dehydrogenative DA Reaction
2.1. To begin the microwave-assisted dehydrogenative DA reaction, prepare a 0.060 M para-chloro-styrene derivative solution as described in the text protocol.  This concentration is used because higher concentrations lead to the formation of undesired products.
2.1.1. MED:  Talent adds reagents to a 2 to 5 mL microwave irradiation vial equipped with stir-bar.  Continue action in next shot. (Take 1)
2.1.2. CU:  Microwave irradiation vial as talent adds reagents to it. (Take 1)
2.2. After placing the capped solution into the microwave synthesizer cavity, irradiate the solution at 180 °C for 200 min with stirring and with the fixed hold time on.  The pressure and temperature are monitored on the LED screen of the microwave.  
2.2.1. MED-over the shoulder:  Talent sets parameters on the microwave synthesizer cavity and starts irradiation. (Take 1)
2.2.2. CU:  LED screen on microwave as talent monitors the pressure and temperature. (Take 2)
2.3. When the reaction vial is removed from the microwave, the solution is golden in color.  Longer reaction times are not detrimental to the yield of the reaction.
2.3.1. MED-over the shoulder:  Talent removes the reaction vial from the microwave. (Take 1 or 2)
2.3.2. CU:  Solution in vial showing that it is golden in color. (Take 1)
2.4. Confirm the reaction is complete by thin layer chromatography, abbreviated TLC, employing 5% ethyl acetate/hexane as the eluent.  Visualize the TLC plate with UV light and potassium permanganate stain.
2.4.1. MED:  Talent places the spotted TLC plate into the TLC chamber. (Take 1)
2.4.2. CU:  TLC plate as talent visualizes under hand-held UV light. (Take 1)
2.5. Transfer the reaction to a scintillation vial using 1 mL of 1,2-dichloroethane to rinse the microwave reaction vial.  This results in approximately 3 mL of solution in the scintillation vial.
2.5.1. MED-over the shoulder:  Talent transfers the reaction to a scintillation vial. (Take 1)
2.5.2. CU:  Microwave reaction vial/scintillation vial as talent rinses the microwave reaction vial with 1 mL of 1,2-dichloroethane and transfers to the scintillation vial. (Take 1)
2.6. Concentrate the contents of the scintillation vial under reduced pressure at 40 °C using a rotary evaporator.  
2.6.1. MED:  Talent places the scintillation vial into a rotary evaporator, turns on, and leaves shot. (Take 1)
2.7. Evaporation of the solvent will require 5 to 10 min, and 45 mg of a crude brown oil will be obtained.  Purify the crude oil and confirm its identity by proton nuclear magnetic resonance spectroscopy.
2.7.1. MED-over the shoulder:  Talent removes the scintillation vial from the rotary evaporator following solvent evaporation. (Take 1)
2.7.2. CU or ECU:  Scintillation vial as talent displays to camera, showing that a crude brown oil results. (Take 1)
3. Palladium-catalyzed Cross-coupling Reaction
3.1. Begin the cross-coupling reaction with addition of 3 mg of RuPhos palladacycle (see file “pronunciations.m4a” for correct pronunciation) to an oven-dried 0.5 to 2 mL Biotage microwave irradiation vial equipped with a stir bar, and cap the vial. 
3.1.1. MED:  Talent adds 3 mg of RuPhos palladacycle to the microwave irradiation vial with stir bar. (Take 2)
3.1.2. CU:  Microwave irradiation vial as talent caps it. (Take 1)
3.2. Pierce the septum of the cap with a small gauge needle.  Using a nitrogen tank connected to a manifold with an oil bubbler to control the nitrogen flow, connect the manifold to the needle.  Evacuate and refill the vial with nitrogen gas three times.
3.2.1. ECU:  Cap of vial as talent pierces it with a small gauge needle. (Take 1)
3.2.2. MED:  Scan the nitrogen valve connected to a manifold with oil bubbler and end shot with talent connecting the manifold to the needle.  (Take 2)
3.2.3. MED-over the shoulder:  Talent evacuates and refills the vial with nitrogen gas.  TEXT overlay:  evacuate and refill vial 3x with N2  (Take 2)
3.3. Once purging of the vial is complete, remove the needle.  The microwave irradiation vial will act as a sealed tube during the reaction, and the best results are obtained when minimal air is present in the reaction vessel.  Through the septum, add lithium bis(trimethylsilyl)amide (see file “pronunciations.m4a for correct pronunciation) via syringe with stirring.  The solution will turn red.
3.3.1. CU:  Reaction vessel as talent removes the needle from the septum. (Take 1)
3.3.2. CU:  Same shot of reaction vial as talent adds lithium bis(trimethylsilyl)amide via syringe with stirring and the reaction turns red. (Take 2)
3.4. After stirring for 2 to 10 min, add chloronaphthalene in 0.3 mL anhydrous tetrahydrofuran via syringe.  Additional THF can be used to fully dissolve the naphthalene.
3.4.1. MED-over the shoulder:  Talent adds chloronaphthalene in 0.3 mL anhydrous tetrahydrofuran via syringe. (Take 1)
3.5. Following 2 to 10 min of stirring, add dimethylamine as a solution via syringe and lower the reaction vessel into a preheated 85 °C oil bath. 
3.5.1. CU:  Reaction vessel as talent adds dimethylamine as a solution via syringe. (Take 1)
3.5.2. MED-over the shoulder:  Talent lowers the vessel into the oil bath. (Take 3)
3.6. Heat the reaction for 3 hours at 85 °C, or until the reaction is complete by TLC.  The reaction will be dark brown in color. 
3.6.1. CU:  Reaction vessel as it is heated in the oil bath.  TEXT overlay:  Heat 3 hrs @ 85 °C (Take 1)
3.6.2. CU:  Same shot of reaction vessel after 3 hrs of heating as talent removes it from the oil bath.  The dark brown color should be visible. (Take 1)
3.7. For TLC, utilize 20% ethyl acetate/hexanes as the eluent, and visualize the resulting plate with UV light and potassium permanganate stain.
3.7.1. MED-over the shoulder:  Talent pulls the TLC plate out of the TLC chamber once finished. (Take 1)
3.7.2. CU:  TLC plate as talent visualizes under hand-held UV light. (Take 1)
3.8. After cooling the reaction to room temperature, remove the vial cap, and quench the reaction with saturated aqueous ammonium chloride solution. 
3.8.1. MED:  Talent removes the vial cap from the reaction vial. (Take 1)
3.8.2. CU:  Reaction vial as talent adds saturated aqueous ammonium chloride solution. (Take 1)
3.9. Using a 60 mL separatory funnel, separate the aqueous layer from the organic layer.  Extract the aqueous layer three times with 12 mL of ethyl acetate.  Combine the organic layers in the separatory funnel and wash once with 15 mL of brine.
3.9.1. MED-over the shoulder:  Talent transfers the reaction solution to a 60 mL separatory funnel. (Take 1)
3.9.2. CU:  Separatory funnel as talent adds 12 mL of ethyl acetate to the solution.  TEXT overlay:  Extract aqueous layer 3x (Take 1)
3.9.3. MED:  Talent adds 15 mL of brine to the combined organic layers. (Take 1)
3.10. Dry the combined organic layers over sodium sulfate for 10 min, and then remove the sodium sulfate by gravity filtration. 
3.10.1. MED-over the shoulder:  Talent combines the organic layers and sodium sulfate. (Take 1)
3.10.2. [bookmark: _GoBack]CU:  Solution as talent pours over a filter into a 100 mL round-bottomed flask to remove the sodium sulfate by gravity filtration. (Take 1)
3.11. Using a rotary evaporator, concentrate the resulting solution under reduced pressure at 30 °C for 5 to 10 min to evaporate the solvent. 
3.11.1. MED:  Talent places the sample onto the rotary evaporator, turns on, and leaves shot. (Take 1)
3.12. Purify the resulting crude brown oil product by silica gel column chromatography with a 1.5 cm chromatography column and 5% ethyl acetate/hexanes as eluent.  
3.12.1. MED-over the shoulder:  Talent applies the brown oil to a 1.5 cm silica gel column.  Include labeled container of 5% ethyl acetate/hexanes in the shot. (Take 1)
3.13. The dye will be obtained as 27 mg of a yellow solid.  Confirm the identity of the product by proton NMR spectroscopy as described in the text protocol.  
3.13.1. CU or ECU:  ~27 mg of a yellow solid as talent displays to camera. (Take 1)
4. Preparation of Dye Solution for Photophysical Studies
4.1. Transfer 1 mg of the dye into a clean, dry 10 mL volumetric flask and dilute to volume with dichloromethane, or DCM, to obtain a 0.4 x 10-3 M stock solution of the dye.
4.1.1. MED:  Talent transfers the dye into a clean, dry 10 mL volumetric flask (Take 2)
4.1.2. CU or ECU:  Flask as talent dilutes with DCM. (Take 2)
4.2. Transfer 253 μL of the stock solution to a second 10 mL volumetric flask and dilute to volume with DCM to prepare a 1 x 10-5 M solution of the dye. 
4.2.1. MED-over the shoulder:  Talent transfers 253 μL of the stock solution to a second 10 mL volumetric flask. (Take 4)
4.2.2. CU or ECU:  2nd flask as talent dilutes with DCM. (Take 1)
4.3. This solution will be used to collect both UV-Vis data, as described in the text protocol, and fluorescence data, as demonstrated in this video.
4.3.1. MED-over the shoulder:  Talent labels flask with name and concentration.  (Take 1)
5. Fluorescence Emission Spectroscopy
5.1. To perform fluorescence emission spectroscopy, fill a quartz fluorometer cell with the 1 x 10-5 M dye solution and place it into the spectrofluorometer.  Avoid skin contact with the optical surfaces of the cell.
5.1.1. CU:  Quartz fluorometer cell as talent fills it with dye. (Take ?)
5.1.2. MED-over the shoulder:  Talent places into spectrofluorometer. (Take 2) 
5.2. Set the instrumental parameters including an excitation wavelength at 334 nm, slit width of 2, acquisition rate of 0.1 nm/s, and acquisition range from 390 to 750 nm.  A 390 nm cut-on filter is needed to remove scattered light from the emission source.
5.2.1. MED-over the shoulder:  Talent pulls up program to set the instrumental parameters. (Take 1)
5.2.2. SCREEN:  Screen capture movie as talent sets the excitation wavelength to 334 nm, slit width of 2, acquisition rate of 0.1 nm/s, and acquisition range from 390 to 750 nm
5.3. Collect the fluorescence emission spectrum of the sample.  The fluorescence emission maximum is observed at 510 nm.
5.3.1. SCREEN:  Screen capture movie as an emission spectrum with max at 510 nm appears on screen.
5.4. Use Excel or Origin software to plot and analyze the collected data.
5.4.1. MED-over the shoulder:  Talent plots the collected data using excel or origin. (Take 1)
6. Results: Synthesis and Photophysical Analysis of Functionalized Naphthalenes/Solvatochromic Fluorescent Dyes  
6.1. Microwave irradiation of styrenyl derivatives at 180 °C results in complete cyclopenta[b]naphthalene (see file “pronunciations.m4a for correct pronunciation) formation in as little as 30 min and in high to quantitative yields.
6.1.1. LAB MEDIA:  Figure 1
6.2. No dihydronaphthalene byproduct is observed, and by proton NMR spectroscopy the products appear pure without the need for additional purification after irradiation.   
6.2.1. LAB MEDIA:  Figure 5.  
6.3. Various changes to the naphthalene framework are well tolerated utilizing these thermal conditions, including variations to the tether and the substitution pattern of the naphthalene ring, incorporation of an array of electrophiles, and also altering the location of the electrophile to create fused cyclopentanone products. 
6.3.1. LAB MEDIA:  Figure 1.  Editors, as “including variations to the tether and the substitution pattern of the naphthalene ring” is narrated, please highlight and zoom into the top row (that is not boxed out).  Then, highlight and zoom into the second row as “incorporation of an array of electrophiles” is narrated.  Finally, highlight and zoom into the bottom row as “altering the location of the electrophile to create fused cyclopentanone products” is narrated.
6.4. The synthesis of fluorophores follows a two-step protocol of a microwave-assisted dehydrogenative dehydro-DA reaction followed by a palladium-catalyzed cross-coupling reaction.  As a representative example, a para-chloro-substituted styrene is cyclized under the aforementioned conditions, and then subjected to palladium-catalyzed cross-coupling conditions to produce the desired fluorescent dye.
6.4.1. LAB MEDIA:  Figure 2.  Editors, please zoom into the left-most compound as “a para-chloro-substituted styrene is cyclized under the aforementioned conditions” is narrated.  Then slide over to the middle compound as “and then subjected to palladium-catalyzed cross-coupling conditions” is narrated.  Finally, slide over to the right-most figure as “to produce the desired fluorescent dye” is narrated.  
6.5. The photophysical properties of the dye are studied in various solvents of differing polarity, which result in a color change due to solvent polarity in a process called solvatochromism.   
6.5.1. LAB MEDIA:  Figure 3
6.5.2. LAB MEDIA:  Figure 4
Editors, please start with a 2-panel screen showing both figure 3 and figure 4.  Then zoom into figure 3 before transitioning to the next point.
6.6. Fluorescence emission spectroscopy reveals that the fluorescent dye exhibits remarkable solvatochromic behavior.  This figure shows the fluorescent dye solubilized in toluene, 1,4-dioxane, DCM, and dimethyl sulfoxide, and observed under longwave UV light.
6.6.1. LAB MEDIA:  Figure 3.  Editors, please box out or highlight each cuvette of liquid from left to right as each of the four chemicals are narrated in the last sentence.  
6.7. Fluorescence emission spectra of the new fluorescent dye in cyclohexane, toluene, 1,4-dioxane, THF, DCM, chloroform, acetonitrile, DMSO, and ethanol reveal a bathochromic shift from cyclohexane to ethanol as great as 112 nm.  These results are also improved from those reported for a commonly used, commercially available solvatochromic dye, Prodan.
6.7.1. LAB MEDIA:  Figure 4.  Editors, starting with the purple spectrum (the 2nd spectrum from the left side), highlight each of the spectra from left to right as each of the 9 chemicals are narrated.  Then as “a bathochromic shift from cyclohexane to ethanol as great as 112 nm” is narrated, animate the addition of a horizontal line from the purple spectrum (the 2nd spectrum from the left side) to the right-most green spectrum at the top of the spectrum peaks. 


INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
        uninjected control at 48 hours post fertilization looks normal, as expected 
        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
                     containing the first of two EGF-like repeats, exhibit brain edema.
	        -LAB MEDIA: 0123_PIname_Figure2.tif	

5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
        the heads of the uninjected controls look normal 
        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     
                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj



7. Conclusion (said by authors on camera)
7.1. Laura Kocsis:  After its development, this technique will pave the way for researchers in the field of organic synthesis to prepare solvatochromic dyes that can be applied to biosensing and imaging.  The future of molecular imaging depends on the design, synthesis, and development of new reporter molecules for living systems.  
7.1.1. MED:  Laura speaks toward camera, interview style. (Take 2)
7.2. Laura Kocsis:  However, access to fluorescent compounds with desired photophysical properties and sensitivity remains limited.  Our ability to rationally design and tune the properties of these newly synthesized fluorophores is made possible by the synthetic versatility of the DDDA reaction. 
7.2.1. CU:  Laura speaks toward camera, interview style. (Take 1 or 3)
7.3. Erica Benedetti: After watching this video, you should have a good understanding of how to safely perform a microwave-assisted reaction to synthesize functionalized naphthalenes, which can be transformed in one step to solvatochromic dyes from readily available styrenyl precursors.  (Take 2)     
7.3.1. MED:  Erica speaks toward camera, interview style.

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.

schematic

6.1, 6.3 – Figure 1 – structure of diverse naphthalene derivatives

6.4 – Figure 2 – overall reaction scheme showing conditions for formation of naphthalene then dye

6.5, 6.6 – Figure 3 – picture of one solvatochromic dye in different solvents

6.5, 6.7 – Figure 4 – fluorescence emission spectra of one dye in different solvents

6.2 – Figure 5 – 1H NMR of chlorinated naphthalene derivative


Screen Capture Videos:
50511_Brummond_SCREEN_5.2.2:  Screen capture movie as talent sets the excitation wavelength to 334 nm, slit width of 2, acquisition rate of 0.1 nm/s, and acquisition range from 390 to 750 nm
50511_Brummond_SCREEN_5.3.1:  Screen capture movie as an emission spectrum with max at 510 nm appears on screen.


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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