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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: ______________________________
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__2.1-2.3, 3.1-3.5, 4.1-4.5___________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _____Keep the reaction vessel under argon_________________________

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 produce a 0.1 M solution of samarium diiodide in tetrahydrofuran and use it in the synthesis of the Samarium Barbier reaction with different additives. (Intro)

This is accomplished by first preparing samarium diiodide by simply mixing samarium metal with iodine crystals in tetrahydrofuran under argon. (P1)
Editors, please use the animation on slide 2 of “4323_Flowers_JoveIntro.pptx” for P1.

The second step is to introduce the additive to the solution of samarium diiodide.  In this case the effect of HMPA or Ni(acac)2 (pronounced “Nickel ack-ack”) as additives in the samarium Barbier reaction is observed. (P2)
Editors, please use the illustration on slide 4 of “4323_Flowers_JoveIntro.pptx” for P2.  Also, add in TEXT:  hexamethylphosphoramide (HMPA) to replace the HMPA alone.

Next, the substrates, an alkyl halide and ketone, are added to the reaction flask, and stirred for 5 to 15 minutes. (P3)
Editors, please use the illustration on slide 5 of “4323_Flowers_JoveIntro.pptx” for P3.

The final step is to quench and work up the reaction to obtain the final alcohol product. (P4)
Editors, please use the illustration on slide 6 of “4323_Flowers_JoveIntro.pptx” for P4.

Ultimately, using a kinetic analysis, it was determined how the mechanism of the samarium Barbier reaction is altered with the inclusion of the different additives. (P5)
Editors, please use the illustration on slide 7 of “4323_Flowers_JoveIntro.pptx” for P5.

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).   

File: 4323_Flowers_JoveIntro.pptx





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

1.1. Dhandapani:  This method can provide insight into some of the common issues while preparing solutions of samarium diiodide.  Once the synthesis of samarium diiodide is mastered, it can be employed in wide array of other samarium-mediated reductions.
1.1.1. MED:  Dhandapani speaks toward camera.
1.2. Kim:  Visual demonstration of this method is useful as samarium diiodide is sensitive to oxygen, and for this reason we typically carry out the reactions  in a glovebox.  However here we will show you that it can be carried out just as easily on the benchtop under an argon atmosphere.
1.2.1. MED:  Kim speaks toward camera.    
1.3. ** Robert:  Along with graduate student Kim Choquette, demonstrating the procedure will be Sada, a post doc from my laboratory. 
1.3.1. MED:  Robert speaks toward camera.
1.3.2. MED:  Sada looks up from work area and acknowledges camera.

Protocol (read by voice talent at JoVE):
2. Synthesis of 0.1 M Samarium Diiodide 
2.1. To begin, flame dry a 50 mL round bottomed flask and flush it with argon.  Add a stir bar and cover the flask with a septum.  Weigh out 0.2 g of samarium metal and add to the flask, again flushing the flask with argon.  
2.1.1. MED:  Talent flame dries a 50 mL round bottomed flask and flush it with argon.
2.1.2. CU:  Flask as talent adds a stir bar and covers with a septum.
2.1.3. MED-over the shoulder:  Talent pours 0.2g of samarium metal into the flask and flushes the flask with argon.
2.2. Next, add 10 mL of dry, thoroughly degassed tetrahydrofuran, or THF, followed by 0.254 g of iodine crystals.  Add a balloon filled with argon through the septum; this keeps a positive pressure of Argon atmosphere on the reaction.
2.2.1. CU:  Flask as talent adds 10 mL of THF from a labeled container and 0.254 g of iodine crystals from weigh boat. 
2.2.2. MED:  Talent adds a balloon filled with argon through the septum.  Match action in next shot.
2.2.3. CU:  Septum as talent adds a argon-filled balloon through it.
2.3. Stir the solution vigorously at room temperature for over 12 hours.  As samarium diiodide is generated the solution passes through a variety of color changes; orange followed by yellow which eventually turns into blue.  
2.3.1. MED:  Talent turns the solution on to stir.
2.3.2. CU:  Flask of samarium diiodide solution stirring as an orange solution.  
2.3.3. CU:  Flask of samarium diiodide solution stirring as a yellow solution.  Editors, please transition from the previous shot, which is identical except for the color of solution.  Try to correlate the transition with the narration of “followed by yellow.”   Note to videographer and authors:  The yellow solution appears after 45 minutes of stirring.  Authors, please have a separate identical solution prepared and have the videographer film it when it turns yellow.  Then, film the solution again 15 minutes later when it turns green for next shot.  Videographer – these shot should be identical to 2.3.2.  
2.4. The final navy blue color is an indication that samarium (II) has formed.  In order to ensure full conversion, stir the solution for at least 12 hours before using samarium diiodide in synthesis. 
2.4.1. CU:  Flask of samarium diiodide solution stirring as a blue solution.  Editors, please transition from the previous shot, which is identical except for the color of solution.    Authors, please have the final navy blue solution prepared.  Bring in the following TEXT overlay as last sentence is narrated:  Stir at least 12 hrs .  
2.4.2. Direct to camera address
Dhandapani: Although the generation of SmI2 is straight forward, here are some common issues that we would like to address. 
1) Prolonged exposure of Sm metal to air can lead to oxidized outer layer, and SmI2 generated from this can be of inferior quality. To overcome this, grind the metal with mortar and pestal preferably under argon to expose clean metal surface. 
2) Ensure that the THF solvent is thoroughly degassed and dry. 
3) Argon is preferred inert atmosphere over Nitrogen. 
4) When we make a large batch of SmI2 we keep the SmI2 stirring continuously to keep it stable.
5)  We would also like to refer a recent work from our collaborator Prof. David Procter from The University of Manchester, regarding various aspects of generation of SmI2 published recently in Journal of Organic Chemistry.

3. Samarium Barbier Reaction— hexamethylphosphoramide (HMPA) addition
3.1. To make the samarium diiodide-HMPA complex, take 10 mL of the freshly prepared samarium diiodide under argon and add 1.75 mL of HMPA through a syringe, drop wise, under argon.  A deep purple color forms. 
3.1.1. MED:  (Freshly prepared solution was used, as in the narrative)
3.1.2. CU:  10 mL of freshly prepares samarium diiodide as talent adds 1.75 mL of HMPA through a syringe, drop wise, under argon until a deep purple color forms.  TEXT overlay:  10 equiv. HMPA, 0.01 mol
3.2. Separately in a clean, dry vial under argon, prepare the substrate solution by adding 110 μL iodododecane, 48 μL 3-pentanone and 2 mL of dried THF.
3.2.1. MED-over the shoulder/MED:  Multiple takes of a clean, dry vial under argon as talent pipettes 110 μL iodododecane, 48 μL 3-pentanone and 2 mL of dried THF from labeled containers into the vial.  Shot will be reused once. 
3.3. Then, add the substrate solution dropwise to the samarium diiodide-HMPA complex.  Within five minutes of stirring, the purple color will start to look cloudy, indicating the end of the reaction.  
3.3.1. CU:  Samarium diiodide-HMPA solution as talent adds the substrate solution dropwise.
3.3.2. CU:  Stirring samarium diiodide-HMPA solution as the solution begins to look cloudy.  TEXT overlay:  Within 5 min of stirring
3.4. After the reaction is complete, expose the solution to air to quench it.  Upon stirring the color further changes to grayish white.  
3.4.1. MED-over the shoulder:  Talent exposes the solution to air.
3.4.2. CU:  Stirring samarium diiodide-HMPA solution as the solution turns grayish white.
3.5. The reaction is then worked up by washing with 10 mL of saturated aqueous ammonium chloride.  Add the solution to a separatory funnel and add 5 mL of diethylether.  After vigorous shaking, remove top organic layer, and add more diethyl ether.  After extracting the aqueous layer two more times, combine all of the organic layers.
3.5.1. MED:  Talent pipettes 10 mL of saturated aqueous ammonium chloride into the samarium diiodide-HMPA solution.
3.5.2. MED-over the shoulder:  Talent pours the solution into a separatory funnel and pipettes 5 mL of diethyl ether in.
3.5.3. CU:  Separatory funnel after shaking/separation as talent removes the top layer and then pipettes more diethyl ether in. 
3.5.4. MED:  Talent combines the organic layers.  
3.6. Wash the organic layer with a 10 mL of saturated aqueous solution of sodium thiosulfate.  Remove the bottom aqueous layer, followed by wash with water, and then finally wash with brine.  
3.6.1. MED-over the shoulder:  Talent pipettes 10 mL of saturated aqueous solution of sodium thiosulfate into the organic layer.
3.6.2. CU:  Funnel as talent removes the bottom aqueous layer.  Editors, after action, please freeze this shot, fade and bring in the following text as water is narrated - TEXT:  Wash with water.  Then, as brine is narrated, bring in the following TEXT:  Wash with brine. 
3.7. Obtain the top organic layer and add magnesium sulfate to soak up any last amount of water present in solution.  Pass the solution through a plug of Florisil® in order to remove excess HMPA.  
3.7.1. MED:  Talent removes the top organic layer and adds magnesium sulfate to top organic layer.
3.7.2. CU:  Solution as talent passes through a plug of Florisil.
3.8. Concentrate the solution on a rotary evaporator to obtain the Barbier product.  The product can then be identified by GCMS and proton NMR.
3.8.1. MED/WIDE:  Multiple takes as talent places the sample into a rotary evaporator to obtain the Barbier product.  Shot will be reused once.
4. Samarium Barbier Reaction—Ni(acac)2 catalyst
4.1. Weigh out Nickel ack-ack and add to a clean, dry vial containing 3 mL of degassed THF, under argon.  Add the Nickel ack-ack solution through a syringe to 10 mL of a freshly prepared solution of 0.1 M samarium diiodide.
4.1.1. MED:  Talent adds weighed out Ni(acac)2 to a clean, dry vial containing 3 mL of degassed THF, under argon.  TEXT overlay:  Ni(acac)2:  1 mol%, 0.01 mmol, 0.0026 g
4.1.2. CU:  Syringe as talent adds Ni(acac)2 solution to 10 mL of the samarium diiodide solution.    
4.2. Separately in a clean, dry vial under argon, combine 110 μL iodododecane, 48 μL 3-pentanone, and 2 mL of dried THF to make the substrate solution.
4.2.1. Shot 3.2.1 – talent pipettes adds 110 μL iodododecane, 48 μL 3-pentanone, and 2 mL of dried THF to a clean dry vial.
4.3. Add the substrate solution dropwise, to the samarium diiodide-nickel mixture.
4.3.1. MED-over the shoulder:  Samarium diiodide-nickel mixture in flask as talent adds the substrate solution dropwise.  
4.4. Within fifteen minutes of stirring, the blue color will dissipate to form a green color indicating the end of the reaction.  
4.4.1. CU:  Flask stirring on the stir plate with blue colored solution in it.
4.4.2. CU:  Flask stirring on the stir plate after 15 min when a green color has formed.  Editors, please transition from the previous shot (possibly by fading), which is identical except for the color of solution.  Try to correlate the transition with the narration of “form a green.”   
4.5. After the reaction is complete, expose the solution to air to quench it; upon stirring the color further changes to yellow.  Work up the reaction by adding 3 mL of 0.1 M aqueous hydrochloric acid.  Add the solution to a separatory funnel and add 5 mL of diethylether.
4.5.1. MED:  Talent exposes the solution to air to quench it and leaves it to stir to further change yellow.
4.5.2. MED-over the shoulder:  Talent adds 3 mL of 0.1 M aqueous hydrochloric acid to the reaction.
4.5.3. CU:  Separatory funnel as talent adds the solution and adds 5 mL of diethylether.  Videographer, please hold this shot after addition of diethylether as a still of this shot will be re-used.  
4.6. Wash the organic layer using the protocol described previously with an aqueous solution of sodium thiosulphate; water; and brine; and then dry over magnesium sulfate.  Concentrate the solution on a rotary evaporator to obtain Barbier product.  The product can be identified by GCMS and proton NMR.
4.6.1. Shot 4.5.3 – Editors, transition into a still of the previous shot of the separatory funnel after addition of diethylether and fade.  Then either list the following text of flash on screen depending on what looks better.  Please bring in the following text as sodium thiosulfate is narrated - TEXT:  Wash with sodium thiosulfate.  Please bring in the following text as water is narrated - TEXT:  Wash with water.  Then, as brine is narrated, bring in the following TEXT:  Wash with brine.  Finally, as magnesium sulfate is narrated, bring in the following TEXT:  Dry over magnesium sulfate.
4.6.2. Shot 3.8.1 – Use Wide of talent placing the sample into the rotary evaporator.
5. Results: The Impact of Additives on the Mechanism of the Samarium Barbier Reaction 
5.1. Illustrated here is the samarium Barbier reaction.  With no additives the samarium-mediated reaction takes 72 hours; yielding 69% of the desired product with the remaining being starting materials.   With the addition of 10 or more equivalents of HMPA the reaction is nearly quantitative and complete within a few minutes.  With the addition of 1 mol% Nickel-ack-ack, the reaction is complete within 15 minutes, with a 97% yield.
5.1.1. LAB MEDIA:  4323 Fig 1.jpg.  Editors, please highlight “Sml2, THF” over the arrow as the second sentence is narrated.  Then highlight “HMPA (10 equiv.) as the 3rd sentence is narrated.  Finally, as the final sentence is narrated, highlight Ni(acac)2 (1mol%).
5.2. When HMPA is added to samarium diiodide, the cosolvent displaces the coordinated THF to form SmI2-(HMPA)4 (pronounced “Samarium-eye two, HMPA four”).  With the addition of even more HMPA, the iodide ions are displaced to the outer sphere.
5.2.1. LAB MEDIA:  4323 Fig 2.jpg.  Editors, please zoom into the left side of the reaction including the first reactant, reactant arrow and middle product as the 1st sentence is narrated.  Then, slide over to show the rest of the reaction as the 2nd sentence is narrated.
5.3. Mechanistic studies indicate that when HMPA is used in the samarium-Barbier reaction the cosolvent also interacts with the alkyl halide substrate forming a complex which elongates the carbon-halide bond, activating the species making it more susceptible to reduction by samarium.
5.3.1. LAB MEDIA:  4323 Fig 3.jpg.
5.4. Through this detailed understanding of the roles of HMPA, a mechanism for the samarium -Barbier reaction with HMPA was proposed
5.4.1. LAB MEDIA:  4323 Fig 4.jpg.
5.5. The alkyl halide-HMPA complex formed in a pre-equilibrium step is reduced by samarium-HMPA to form the radical in the rate determining step.  The radical undergoes further reduction to form an organosamarium species which couples with the carbonyl and upon protonation yields the final product.
5.5.1. LAB MEDIA:  4323 Fig 4.jpg.  Editors, please zoom into the top 2 reactions as the first sentence is narrated.  Then scroll down to the bottom 3 reactions as the 2nd sentence is narrated. 
5.6. In the case of Nickel-two additive, samarium diiodide initially reduces Nickel-two to Nickel-zero preferentially over reduction of either of the substrates.  Based on kinetic and mechanistic studies the following mechanism was proposed.  After reduction by samarium diiodide, the soluble Nickel-zero species inserts into the alkyl halide bond forming an organonickel species.  
5.6.1. LAB MEDIA:  4323 Fig 5.jpg.  Editors, please zoom into the left side of the figure for this point, including the curved reaction arrows.  The final product (R-Sm(III)) from the curved arrow can be highlighted upon narration of the last sentence.
5.7. Driven by the highly oxophilic nature of samarium three, transmetallation to form an organosamarium intermediate releases nickel-two back into the catalytic cycle.  The organosamarium then couples with the carbonyl, and upon protonation forms the desired tertiary alcohol.  
5.7.1. LAB MEDIA:  4323 Fig 5.jpg.  Editors, leaving off from previous point and staying zoomed in, after the 1st sentence is complete, scroll over to the rest of the reaction.
5.8. It was also observed that nickel-zero nanoparticles are formed through samarium-mediated reduction of nickel-two, however these particles were found to be inactive and the source of deactivation of the catalyst.  
5.8.1. LAB MEDIA:  4323 Fig 5.jpg.  Editors, please zoom back out to the whole figure and highlight “Ni(0) inactive nanoparticles.”

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



6. Conclusion (said by authors on camera)
6.1. [bookmark: _GoBack]Dhandapani:  Following this procedure, the same Barbier product is obtained in both cases.  However, in most instances, the choice of different additives can provide control over the rate of reduction and the chemo or stereoselectivity of the reaction.  
6.1.1. MED:  Dhandapani speaks toward camera.
6.2. Kim:  After watching this video, you should have a good understanding of how to produce SmI2 solutions, as well as the techniques for overcoming the common pitfalls.
6.2.1. MED:  Kim speaks toward camera.
       

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.

4323_Flowers_JoveIntro.pptx

4323 Fig 1.jpg

4323 Fig 2.jpg

4323 Fig 3.jpg – Authors, please re-upload this figure so that it is not corrupted.  

4323 Fig 4.jpg

4323 Fig 5.jpg


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.
 2011, Journal of Visualized Experiments
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