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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? NO
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? YES 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps. Step 2.2, 2.3, 2.8, 2.9, 3.6, 3.7
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  
The generation of diiodomethyllithium by deprotonation of diiodomethane. Success is ensured by preparing fresh base prior to use, and maintaining the reaction temperature at −78 °C.

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 prepare and purify an N-tosyl iodoaziridine (pronounce iodo-aziridine). (Intro)

This is accomplished by first generating diiodomethyllithium (pronounce di-iodo-methyl-lithium), by deprotonation of diiodomethane at low temperature, and reacting with an imine. (P1, show left diiodo compound then make first black arrow and “LiHMDS” appear followed by diiodomethyllithium. Then make another arrow appear from center of the diiodomethyllithium structure (where three lines meet from the line linking the point where the three lines meet to the Li – see attached scanned guide) to the compound over the second black arrow.  Specifically, make the arrow point to the point where the lines connected to “R” and “NTs” meet. Then make another arrow appear from double lines to “NTs” in the same compound. Then make the black arrow to the right of diiodomethyllithium appear followed by third “–NTs” compound.  For clarity, please see second graphic under schematic graphic below, which shows the placement of the arrows. In addition please see scanned guide to arrows)

The second step is to rapidly warm the reaction mixture to promote cyclization of the diiodide intermediate to the desired iodoaziridine product. (P2, show “-NTs” compound from P1 and make “warming” appear underneath it. Then make an arrow appear from the “-“ (minus) sign next to “NTs” to the point where the two lines connected to the I’s meet.  Then make another arrow appear from that point to one of the I’s and then make that I disappear to form the fourth cyclic compound. For clarity, please see second graphic under the schematic graphic below,  scanned hand drawn arrows which shows the placement of the arrows, as these are slightly different to the below graphic)

Next, the stability of the iodoaziridine product to various stationary phases used for chromatography is assessed to determine the most appropriate for purification. (P3, show crude mixture round bottom flask followed by black arrow with “+internal standard” and “+stationary phase”. Then make Erlenmeyer flask to the right of the arrow appear followed by second black arrow with “stir”, “then filtration” and funnel.) 

The final step is to purify the iodoaziridine and perform proton NMR analysis. (P4, show P3 and make 1H NMR analysis image appear.)

Ultimately, this screen of stationary phases for chromatography is used to show that basic alumina modified to activity IV is most appropriate for the purification of the iodoaziridine. (P5, show Figure 2 and highlight “Basic Alumina (act. IV)” row.)

Schematic Graphic

[image: C:\Users\Tom\Dropbox\PhD work\Experimental\N-Ts aziridines\JoVE paper\paper\december 2013\final docs\final docs 2\51633_procedural_narrative.tif]











Graphic to Clarify P1 and P2 Arrow Animation

[image: ]
please see scanned version for slight but important differences: arrow 1 in P1 should come form the line that meets Li; the lower arrow in P2 should go to the lower I atom, starting from the line meeting that atom.



B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Tom Boultwood: We first had the idea for this method when we found that the new iodoaziridine products were unstable to silica gel chromatography, and we required an alternative purification.
1.2. Dominic P. Affron: From here we designed a procedure to assess the stability of our iodoaziridine to a range of stationary phases for chromatography, which can also be applied to other potentially sensitive compounds.
1.3. **Dr James A. Bull: Demonstrating the procedure will be Tom and Dom who are both PhD students in my research group.
1.3.1. Interview style: Author saying the above 
1.3.2. 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. Preparation of Iodoaziridines with Diiodomethyllithium
2.1. First, flame dry a 100 mL round bottom flask containing a stir bar and fitted with a septum under a stream of argon. After allowing the flask to cool to room temperature, add 5.7 mL of anhydrous tetrahydrofuran and 2.7 mL of anhydrous diethyl ether via syringe, and 315 μL of freshly distilled hexamethyldisilazane via a microsyringe.
2.1.1. MED: Talent moves a flame quickly over the surface of a round bottom flask under argon atmosphere.
2.1.2. MED-over the shoulder: Talent adds tetrahydrofuran and diethyl ether to flask with syringes.
2.1.3. CU: Flask as talent adds hexamethyldisilazane to it with a microsyringe.
2.2. Place the flask in a suitably sized dewar that will allow it to be well submerged.  After stirring is initiated, add dry ice and acetone to the dewar to cool the solution to -78 C. Then, cover the dewar with aluminium foil to minimize exposure of the reaction vessel to light.  
2.2.1. MED-over the shoulder: Talent places flask in a suitably sized dewar.
2.2.2. CU: Flask in dewar as talent adds dry ice and acetone to make -78 C cooling bath.
2.2.3. MED: Talent covers dewar containing the flask with aluminum foil.
2.3. Following this, add 0.6 mL of 2.5 M n-butyllithium in hexanes dropwise via syringe over 2 to 3 minutes. 
2.3.1. MED-over the shoulder: Talent adds n-butyllithium solution dropwise to flask with a syringe.  
2.4. After allowing the mixture to stir at −78 C for 30 minutes to form the lithium hexamethyldisilazane solution, add 1 mL of anhydrous tetrahydrofuran to a flame-dried 10 mL round bottom flask via syringe. Then, add 135 μL of diiodomethane via a microsyringe and gently swirl the flask to ensure the solution is well mixed.
2.4.1. CU: Round bottom flask as talent adds tetrahydrofuran to it with a syringe.
2.4.2. MED: Talent adds diiodomethane to the flask with a microsyringe and swirls the flask with his/her hand.
2.5. Next, add the diiodomethane solution dropwise over 2 minutes to the solution of lithium hexamethyldisilazane at −78 C.
2.5.1. MED-over the shoulder: Talent adds diiodomethane solution dropwise to flask containing lithium bis(trimethylsilyl)amide with a syringe.
2.6. While allowing the solution to stir for 20 minutes, weigh out 135 mg of the imine (TEXT: N-[(E)-4-methylphenylmethylidene]-4-methylbenzenesulfonamide is used in this experiment), into another flame-dried 10 mL round bottom flask and dissolve it in 2.0 mL of anhydrous tetrahydrofuran.
2.6.1. MED: Talent adds imine to round bottom flask.
2.6.2. CU: Flask containing imine as talent adds tetrahydrofuran to it with a syringe.
2.7. After the 20 minutes of deprotonation time, add the imine solution dropwise to the diiodomethyllithium solution over 5 minutes at −78 C.
2.7.1. MED-over the shoulder: Talent adds imine solution dropwise to flask containing diiodomethyllithium solution with a syringe.  
2.8. Immediately after the dropwise addition is complete, lift the reaction vessel out of the dry ice bath, re-cover the flask with aluminium foil and transfer it to an ice/water bath at 0 C. Stir the solution for 15 minutes at 0 C (TEXT: Solution should be orange in color).
2.8.1. MED: Talent lifts the flask out of the dewar containing the dry ice bath and recovers it with aluminum foil.
2.8.2. MED-over the shoulder: Talent turns on stir function of stir plate. Videographer: If possible (if it is alright to briefly remove some of the aluminum foil to show the solution stirring), change this shot to a CU shot of the flask while stirring to show the orange colored solution.       [Comment: the filmed material was closer to that of the voice over, no specific shot of turning on the stirring as this is already on] 
2.9. Following this, quench the reaction by adding 30 mL of saturated aqueous sodium bicarbonate solution. Transfer the mixture to a separating funnel and add 30 mL of dichloromethane. Shake the mixture, vent the funnel, and remove the lower organic layer. 
2.9.1. MED: Talent adds saturated aqueous sodium bicarbonate solution to reaction in flask.
2.9.2. MED-over the shoulder: Talent pours solution into separating funnel and adds dichloromethane.
2.9.3. MED: Talent shakes the separatory funnel and vents it by turning the stopcock.
2.9.4. MED-over the shoulder: Talent opens the stopcock of the funnel and collects the organic layer into a flask.
2.10. After repeating the extraction two times, add sodium sulfate to the combined organic layers to remove any water present in the solution. Then filter off the sodium sulfate under vacuum filtration using a glass funnel with cotton plug, collecting the filtrate in a 250 mL round bottom flask. 
2.10.1. CU: Flask containing combined organic layers as talent adds sodium sulfate to it.
2.10.2. MED-over the shoulder: Talent pours solution into glass funnel that contains a cotton plug.
2.11. Remove the solvent under reduced pressure on a rotary evaporator to afford an impure sample of the desired iodoaziridine product.
2.11.1. MED: Talent attaches flask to rotary evaporator and turns it on.
3. Assessment of Product Stability to Stationary Phases for Chromatography
3.1. At this point, dissolve the crude aziridine sample in 16 mL of dichloromethane and add 28 mg of 1,3,5-trimethoxybenzene as an internal standard. Ensure this is fully dissolved by gently swirling the flask. 
3.1.1. CU: Flask containing crude aziridine sample as talent adds dichloromethane and 1,3,5-trimethoxybenzene.
3.1.2. MED-over the shoulder: Talent gently swirls flask by hand.
3.2. Remove a 2 mL aliquot from this mixture and transfer it to another round bottom flask.  Then, remove the solvent under reduced pressure. When finished, analyze the sample by proton NMR spectroscopy. 
3.2.1. MED: Talent removes an aliquot from the mixture and transfers it to another flask.
3.2.2. MED-over the shoulder: Talent attaches flask to rotary evaporator and turns it on.
3.2.3. MED: MED: Talent walks up to NMR instrument and places NMR sample tube in it. [Comment: we have an additional shot of preparing the NMR sample as we were not sure we would be able to film the NMR instrument, however we were able to get this shot as well.]
3.3. Following NMR analysis, open the recorded proton NMR spectrum using standard NMR processing software such as Mestrenova. Right-click on the spectrum and choose “integration”. Then, choose “manual” to provide the integration tool. 
3.3.1. SCREEN: Computer screen as talent opens the NMR spectrum in Mestrenova.
3.3.2. SCREEN: Computer screen as talent right-clicks on spectrum and selects the “integration” option.
3.3.3. SCREEN: Computer screen as talent selects the “manual” option.
3.4. Click and drag to cover the width of the peaks at 6.08 ppm and 4.87 ppm to integrate the signals of the internal standard and the aziridine CHI signal, respectively. Right-click on the integral for the peak at 6.08 ppm, select “edit integral” and change the “normalized” value to 3.0.
3.4.1. SCREEN: Computer screen as talent integrates the appropriate peaks in the NMR spectrum.
3.4.2. SCREEN: Computer screen as talent right-clicks on the appropriate peak, selects “edit integral” and changes the “normalized” value.
3.5. Next, use the updated integral value for the aziridine CHI signal to determine the yield of the iodoaziridine (TEXT: Yield of iodoaziridine = 100  (integral of product peak)  (moles of internal standard) / moles starting material).
3.5.1. CU: Laboratory notebook as talent determines and records the yield of the iodoaziridine.
3.6. Once the NMR analysis is complete, mix 25 g of the following stationary phases (TEXT: silica, silica + 1% NEt3, neutral alumina, basic alumina activity I, basic alumina activity IV and Florisil) with 50 mL of 5% Ethyl acetate/hexane in six separate 250 mL conical flasks containing stir bars. In another conical flask prepare a 50 mL solution of 5% Ethyl acetate/hexane to be used as a control.  Then, stir the slurries on a magnetic stir plate. 
3.6.1. MED-over the shoulder: Talent adds each stationary phase and Ethyl acetate/hexane solution to separate conical flasks and manually mixes each slurry.  Shot of the different stationary phases (25g of each) in conical flasks
3.6.2. MED: Talent adds Ethyl acetate/hexane solution to conical flask of silica example and swirl by hand to mix.
3.6.3. CU: switch on magnetic stirrer - Conical flask as the slurries example silica slurry stirs on magnetic stir plate.
3.7. Add 2 mL aliquots of the iodoaziridine/internal standard solution to each of the conical flasks at room temperature. Then, stir the slurry mixtures for 30 min (TEXT: Stir time represents duration the compound may be exposed to stationary phase during flash column chromatography procedure).
3.7.1. MED-over the shoulder: Talent adds iodoaziridine/internal standard solution to each conical flask.
3.7.2. MED: Talent turns on stir control of stir plate containing conical flasks.
3.8. After 30 minutes, filter each of the slurry mixtures under vacuum using a sintered funnel, collecting each filtrate in a 250 mL round bottom flask. Wash the residue in the sintered funnel twice with 30 mL of dichloromethane. 
3.8.1. CU: One of the sintered funnels as talent adds one of the slurries into it.
3.8.2. MED-over the shoulder: Talent adds dichloromethane to residue in the sintered funnel. Then washes for a second time 
3.9. Remove the solvent from the resulting samples using a rotary evaporator. Following this, analyze the samples by proton NMR spectroscopy to calculate the amount of iodoaziridine recovered in each case as described previously. Record the yields in the laboratory notebook.
3.9.1. CU: Flask on rotary evaporator as solvent is being removed.
3.9.2. SCREEN: Computer screen showing NMR spectrum of one of the samples with appropriate peaks integrated.
3.9.3. MED: Talent records yields of each stationary phase experiment in his/her laboratory notebook.
3.10. Compare the yields of iodoaziridine obtained from each stationary phase tested with that obtained previously to determine the sample giving the highest yield (TEXT: Highest yield indicates optimal stationary phase for chromatography. Basic alumina activity IV was best in this example).      
3.10.1. CU: Laboratory notebook showing the iodoaziridine yields obtained from each stationary phase experiment as talent compares them.
4. Deactivation of Basic Alumina and Purification of the Iodoaziridine
4.1. Next, repeat the previously described synthesis to generate the crude iodoaziridine mixture.
4.1.1. CU: Flask containing crude iodoaziridine mixture. 
4.2. To generate basic alumina activity IV, add 100 g of basic alumina activity I to a 500 mL round bottom flask and then add 10 mL of water to the flask. 
4.2.1. MED: Talent adds basic alumina activity I to round bottom flask followed by water.
4.3. After fitting the flask with a glass stopper, shake it vigorously until no lumps are visible, indicating even spreading of water throughout the alumina (TEXT: CAUTION: Flask may get hot and result in a build up of pressure. Release any pressure build up frequently).
4.3.1. MED-over the shoulder: Talent shakes flask vigorously.
4.3.2. CU: Flask containing alumina mixture to show even distribution of water throughout the alumina. 
4.4. Once the alumina has cooled to room temperature, purify the crude iodoaziridine by column chromatography using the basic alumina activity IV as the stationary phase. Elute with hexane, grading to 5% Ethyl acetate/hexane. 
4.4.1. MED: Talent adds alumina mixture to column followed by crude iodoaziridine.
4.4.2. MED-over the shoulder: Talent collects fractions containing product from column.
4.5. Combine the product-containing fractions in a round bottom flask and remove the solvent using a rotary evaporator to obtain the pure iodoaziridine. 
4.5.1. MED: Talent combines product-containing fractions in round bottom flask. 
4.5.2. MED-over the shoulder: Talent attaches flask to rotary evaporator and turns it on.
5. Results: Diastereoselective Synthesis and Characterization of Iodoaziridines 
5.1. Prior to purification, a 59% yield of iodoaziridine was calculated by proton NMR. However, this iodoaziridine was challenging to purify and underwent significant decomposition on silica. Purification on basic alumina activity IV afforded the product in 48% yield. 
5.1.1. LAB MEDIA: Figure 1 (iodoaziridines jove-figure1.tif) (Video Editor: Make “Calculated yield  (by 1H NMR): 59%” appear for 1st sentence. Make “Isolated yield: 48%” appear for last sentence.)
5.2. Proton NMR analysis gave a series of yields for the stationary phases, with respect to the internal standard. Basic alumina activity IV afforded the highest yield of 53%, which is closest to the NMR yield. Therefore, basic alumina activity IV was chosen for the N-tosyl iodoaziridine purification. 
5.2.1. LAB MEDIA: Figure 2 (iodoaziridines jove-figure2.tif) (Video Editor: Highlight “Yields calculated by 1H NMR with respect to internal standard” box for 1st sentence. Highlight “Basic alumina (act. IV)” row for 2nd sentence. If possible, bring the basic alumina row to the front and gray out all other stationary phases for last sentence.)
5.3. A wide selection of iodoaziridines can be accessed in high yield. Both alkyl and aromatic N-tosyl imines are compatible with the reaction, including sterically demanding tert-butyl and ortho-tolyl examples. 
5.3.1. LAB MEDIA: Figure 3 (iodoaziridines jove-figure3.tif) (Video Editor: In Selected Scope, point to first and last compounds or draw a square around them when “tert-butyl” and “ortho-tolyl” are mentioned in last sentence.) 
5.4. The reaction is proposed to occur by deprotonation followed by nucleophilic addition to give the amino gem-diiodide intermediate. Subsequent warming induces a highly diastereoselective cyclization favoring the cis-iodoaziridine due to subtle steric interactions in the cyclization transition state.
5.4.1. LAB MEDIA: Figure 4 (Iodoaziridines jove-figure4.tif) (Video Editor: Show first two reactions for 1st sentence; show first deprotonation reaction then second addition reaction. Make 3rd “warming” reaction appear for 2nd sentence. Make “Preferred cyclization conformation” box appear for last sentence).
5.5. During reaction optimization, temperature control and timing were essential to the reaction outcome. Quenching the reaction without warming afforded the N-tosyl iodoaziridine and the amino gem-diiodide. However, the products undergo degradation under the reaction conditions, which is avoided by warming the reaction and reducing the reaction times. 
5.5.1. LAB MEDIA: Figure 5 (iodoaziridines jove-figure5.tif) (Video Editor: Highlight top reaction for 2nd sentence. Highlight middle and bottom reactions for last sentence).

6. Conclusion (said by authors on camera)
6.1. Dominic P. Affron: After watching this video, you should have a good understanding of how to synthesize the iodoaziridine product and assess its stability to a wide range of stationary phases for purification by chromatography. 
6.2. Tom Boultwood: Don't forget that working with n-butyllithium can be extremely hazardous, and precautions, such as working under an inert atmosphere and safely quenching excess reagent, should always be taken while performing this procedure.

       

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 –  51633_Procedural_narrative.tif

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.
 2012, Journal of Visualized Experiments
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