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[bookmark: BackToTop]A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N 
B.  Software: Does your protocol include detailed, step-by-step instructions involving computer-controlled instrumentation or other software? (Y/N) N
[bookmark: BackToQues]C.  Procedure Highlights: Of the steps to be filmed, which will viewers benefit most from seeing? Please list 4-6 steps from this script by their step numbers (e.g. 2.1).
Steps 2.1, 2.2, 2.3
D.  Critical Steps: What is the single most difficult aspect of this procedure? Please list 1-2 steps from this script and briefly describe how you ensure success.
Step 2.3
Step 2.3 is the most difficult since if the polymer resins are not properly washed and dried, the remaining reagents will affect the next steps. To ensure success, alternating wash/drain the resin with dichloromethane (to swell the resin) followed by methanol (to contract the resin) will ensure removal of excess reagents.
E.  Filming: Will filming need to take place in multiple locations? (Y/N) N

[bookmark: Introduction][bookmark: _Hlk513362273]1. Introduction (Opening Author Interviews)
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.
[bookmark: IntroStatements]A.  Required Interview Statements (Said by you on camera. Don’t forget to smile!)  
1.1. Kevin Huang: This solid-phase organic synthetic technique may find applications in the construction of a combinatorial library for synthesis of spirocyclic heterocycles, which can be tested for anti-cancer activities using bioassays.
1.2. Silas Griffin: Though this method can be used for the synthesis of spirocyclic compounds, it can also be applied to other small molecules, such as isoxazolines and isoxazoles.

[bookmark: Protocol]Protocol (Spoken by voice talent at JoVE.)
2. Synthesis of Spirocyclic Oximes (1-Oxa-7-azaspiro[4.4]nonane) Using a REM Linker and Intramolecular Silyl Nitronate-Olefin Cycloaddition
2.1. To begin the synthesis, add to a 25-mL solid-phase reaction vessel 1 g of REM (R-E-M) resin, [1-MED-TXT] 20 mL of dimethylformamide (dye-meth-ul-for-muh-mide /daɪˌmɛθ lˈfɔːr məˌmaɪd/), and 2.4 mL of furfurylamine (fur-fyoo-rill-uh-meen /ˌfər fjuːˈrɪl əˌmiːn/). Cap the vessel [2-MED] and agitate it for 24 hours on a shaker at room temperature to load the resin with furfurylamine. [3-MED-TXT]
2.1.1. Talent adds 1 g of REM resin to the reaction vessel. (TEXT: Monitor reaction progress by IR spectroscopy; See text for details)
2.1.2. With the 20 mL of DMF already having been added to the reaction vessel, talent adds 2.4 mL of furfurylamine to the reaction vessel and caps it.
2.1.3. Talent secures the reaction vessel on a shaker and starts the shaker so that the resin is thoroughly mixing with the liquid. (TEXT: All shaking at 450 rpm)
2.2. Then, drain the furfurylamine-bearing resin [1-MED] and agitate it for about 3 minutes in 5 mL of DMF (D-M-F) to wash it. [2-MED]
2.2.1. With a reaction vessel containing furfurylamine-bearing resin in 20 mL of DMF fixed over a waste container, talent opens the stopcocks (bottom stopcock and compressed air stopcock) to drain the resin.
2.2.2. Talent adds 5 mL of DMF to the now-drained resin, caps the vessel, and clamps it in the shaker as though about to start shaking it.
2.3. After that, wash the resin four times, alternating between 5 mL of dichloromethane (dye-klor-oh-meth-ain /daɪˌklɔːr oʊˈmɛθ eɪn/) to swell the resin and 5 mL of methanol to contract the resin. [1-MED-TXT] Then, thoroughly dry the resin with compressed air, [2-MED] which usually takes about 30 minutes. [3-CU]
2.3.1. Talent adds 5 mL of DCM to the resin, caps the vessel, clamps it in the shaker, and starts agitating the resin. Please have labeled containers of DCM and MeOH in the hood with the labels facing the camera. (TEXT: Washing sequence: 5 mL DCM, 5 mL MeOH, 5 mL DCM, 5 mL MeOH)
2.3.2. Talent opens the stopcocks to drain the last MeOH wash and leaves the stopcocks open so that the resin starts drying under compressed air.
2.3.3. 4-5 seconds of footage of a close-up view of thoroughly-dry resin in the reaction vessel.
2.4. [bookmark: _Hlk491257015]Next, in a well-ventilated fume hood, add 1.48 mL of triethylamine (try-eth-ul-uh-meen /ˌtraɪˈɛθ əl ə miːn/), 10 mL of anhydrous toluene (ann-high-druss tall-you-een /ænˈhaɪ drəs ˈtɒl juːˌiːn/), [1-MED] and 0.637 g of β-nitrostyrene (bey-tuh nigh-tro-sty-reen /ˌbeɪ təˌnaɪ troʊˈstaɪ riːn/) to the dry furfurylamine-bearing resin. [2-CU-TXT]
(Videographer Comment: For both 2.4.1 and 2.4.2, the talent adds all media in all takes) 
(Editor: Sounds like these shots might’ve been combined)
2.4.1. Talent draws up and adds 1.48 mL of TEA to a reaction vessel containing dry furfurylamine-bearing resin.
2.4.2. With the vessel now containing resin, TEA, and toluene, talent adds 0.637 g of β-nitrostyrene to the vessel. (TEXT: See text for β-nitrostyrene derivatives.)
2.5. Add 1 mL of trimethylsilyl (try-meth-ul-sigh-lill /traɪˌmɛθ əlˈsaɪ lɪl/) chloride to the reaction mixture [1-MED] and leave the vessel open until the mixture has finished releasing HCl (H-C-L) gas. [2-CU] Then, cap the vessel and agitate the mixture for 48 hours at room temperature to form the isoxazole (ice-ock-suh-zole /ˌaɪsˈɒk sə zoʊl/) intermediate. [3-MED]
2.5.1. Talent measures out 1 mL of TMSCl.
2.5.2. A closer view of the reaction mixture as talent adds the TMSCl and the HCl gas starts being released.
2.5.3. Talent secures the capped vessel in the shaker and starts the shaker.
2.6. After that, add 5 mL of methanol to quench the reaction. Shake the mixture for 3 minutes, [1-MED] and then let it soak for 2 minutes. [2-MED]
2.6.1. Talent adds 5 mL of MeOH to a reaction vessel containing the isoxazole-bearing resin in its reaction solution (i.e., a mixture that has already been shaken for 48 hours), caps the vessel, and clamps it in the shaker. (Videographer Comment: Don’t use take 1)
2.6.2. Talent turns off the shaker to let the resin sit in the MeOH-containing solution.
2.7. Then, drain the resin and wash it four times, alternating between 5 mL of DCM (D-C-M) and 5 mL of methanol. [1-MED] Thoroughly dry the washed resin with compressed air. [2-MED]
2.7.1. Talent opens the stopcocks to drain the resin, and then closes the stopcocks and adds 5 mL of DCM to the vessel. Please have both labeled DCM and MeOH containers visible in shot, if possible. Use 2.3.1 (Videographer Comment: Did not shoot. Use 2.3.1)
2.7.2. Talent drains the last MeOH wash and leaves the vessel open to compressed air to dry the resin. Use 2.3.2 (Videographer Comment: Did not shoot. Use 2.3.2)
2.8. Next, add 1 mL of anhydrous tetrahydrofuran (teh-truh-high-druh-fyooer-ann /ˌtɛ trəˌhaɪ drəˈfjʊər æn/) to the dry resin. [1-MED] Then, add 1.24 mL of a 1 M solution of tetra-n-butylammonium (teh-truh-N-byoot-ul-uh-moh-nyuhm /ˌtɛ trəˌɛn bjuːt əl əˈmoʊ njəm/) fluoride in THF (T-H-F) [2-MED] and agitate the mixture at room temperature for 12 hours to open the isoxazole ring. [3-MED]
2.8.1. Talent adds 1 mL of dry THF to a reaction vessel containing dry isoxazole-bearing resin. (Videographer Comment: Don’t use tk1. Tk2 includes 2.8.2)
2.8.2. Talent adds TBAF to the mixture.
2.8.3. Talent secures the capped vessel on the shaker and starts the shaker.
2.9. Afterwards, drain the resin and wash it with 5 mL of THF, [1-MED] followed by four washes alternating between 5 mL of DCM and 5 mL of methanol. [2-MED] Dry the resin thoroughly with compressed air. [3-MED]
2.9.1. With the liquid already having been drained from the reaction vessel, talent adds 5 mL of THF to the vessel, caps it, and clamps it in the shaker.
2.9.2. Talent measures out 5 mL of DCM and adds it to the drained resin. Please have the DCM and MeOH containers visible in shot, if possible. Use 2.3.1 (Videographer Comment: Did not shoot. Use 2.3.1)
2.9.3. Talent checks on the resin, which is dry and has compressed air flowing through it, and then closes the stopcocks. Use 2.3.2 (Videographer Comment: Did not shoot. Use 2.3.2)
2.10. Next, add 5 mL of DMF to the resin, followed by 1 mL of 1-bromooctane (one bro-mo-ock-tain /ˌbroʊ moʊˈɒk teɪn/). [1-MED-TXT] Agitate the mixture for 24 hours at room temperature to form the quaternary amine (kwa-ter-nair-ee uh-meen /ˈkwɑː tər nɛər iː əˈmiːn/). [2-MED]
2.10.1. Talent draws up 1 mL of 1-bromooctane and adds it to a vessel containing intermediate 4 and 5 mL of DMF. (TEXT: See text for alternative alkyl halides.)
2.10.2. 6-7 seconds of footage of the mixture being agitated on the shaker.
2.11. Then, drain the resin and wash it with 5 mL of DMF. [1-MED] Wash the resin four more times, alternating between DCM and methanol, and dry it with compressed air. [2-MED]
2.11.1. With the resin already having been drained into a waste container, talent adds 5 mL of DMF to the resin and caps the vessel. (Videographer Comment: Don’t use tk1)
2.11.2. Talent stops the shaker for the last MeOH wash, secures the reaction vessel over the waste container, and opens the stopcocks to start drying the resin with compressed air. Please have both the labeled DCM and MeOH containers visible in shot, if possible. Use 2.2.1 (Videographer Comment: Did not shoot. Use 2.2.1)
2.12. Next, add 3 mL of DCM to the dry resin, followed by 1.5 mL of TEA (T-E-A). [1-MED] Agitate the mixture for 24 hours to cleave the spirocyclic oxime (spy-ro-psy-klik ock-seem /ˌspaɪ rəˈsaɪ klɪk ˈɒk siːm/) from the polymer support. [2-WIDE] Then, collect the crude product in a vial or flask. [3-MED]
2.12.1. Talent measures out and adds 1.5 mL of TEA to a vessel containing intermediate 5 and 3 mL of DCM.
2.12.2. With a mixture being agitated on the shaker, talent approaches the shaker, turns it off, and removes the vessel from the shaker.
2.12.3. Talent opens the stopcocks and drains the product into a labeled vial.
2.13. Wash the resin four times, alternating between DCM and methanol, [1-MED] and collect the washes in the product vial. [2-CU] Remove volatiles from the product mixture on a rotary evaporator. [3-MED]
2.13.1. Talent secures a capped vessel with 5 mL of DCM on the shaker and starts the shaker. Please have both the labeled DCM and MeOH containers visible in shot, if possible.
2.13.2. Talent opens the stopcocks to drain the DCM wash into the labeled product vial.
2.13.3. Talent connects a flask of crude product mixture (including all four washes) to a rotovap and starts the rotovap.
2.14. Then, triturate (trih-chur-ate /ˈtrɪ tʃər eɪt/) the crude product with 0.5 mL of boiling methanol [1-MED] and carefully remove the liquid. [2-CU] Wash the resin twice with 5-mL portions of DCM and dry it with compressed air for reuse in subsequent experiments. [3-MED]
2.14.1. Talent adds 0.5 mL of boiling-hot MeOH to the solid crude product. 
2.14.2. Talent pipettes out the hot MeOH solution without disturbing the insoluble product. (Videographer Comment: Don’t use tk1)
2.14.3. [bookmark: _GoBack]With the resin already having been washed once (5 mL DCM in the waste container and stopcocks open), talent closes the stopcocks, opens the vessel, and adds another 5 mL of DCM. Use 2.14.2 (Videographer Comment: Did not shoot. 2.14.2)
3. Results: Synthesis of Spirocyclic Oximes
3.1. Spirocyclic oximes (ock-seems /ˈɒk siːms/) with various substituents (sub-stih-chu-ents /ˌsʌbˈstɪ tʃuː ənts/) were synthesized [1-LM] with excellent stereoselectivity (stair-ee-oh-suh-lek-tiv-ih-tee /ˌstɛr iː oʊ sə lɛkˈtɪv ɪ tiː/). [2-LM] The overall yields indicate an average of 80 to 88% yield for each synthetic step. [3-LM] The reaction progress up through the isoxazole ring opening can be monitored by IR spectroscopy (I-R spek-tross-kuh-pee /ˌspɛkˈtrɒs kə piː/). [4-LM]
3.1.1. Figure 1 and Table 2 (Figure1_JOVE_Revision.eps and JoVE_Revised_Table 2.xlsx) Video editor: Emphasize the box containing compound 6 in Figure 1, highlight the ‘R1’ and ‘R2’ in compound 6, and highlight the ‘R1’ and ‘R2’ columns in Table 2. (R1 and R2 are placeholders for the various substituents.) Add the caption ‘a: By 1H NMR; b: Based on REM resin loading’. Please retain this caption throughout showing Table 2 (3.1.1-3.1.3).
3.1.2. Figure 1 and Table 2 (Figure1_JOVE_Revision.eps and JoVE_Revised_Table 2.xlsx) Video editor: Please continue emphasizing the box containing compound 6 in Figure 1. Also, emphasize the ‘dr’ column in Table 2. (The ratios show the ‘selectivity’ of the production of one form over the other in the synthesis.)
3.1.3. Figure 1 and Table 2 (Figure1_JOVE_Revision.eps and JoVE_Revised_Table 2.xlsx) Video editor: Highlight the ‘yield (%)’ column in Table 2, which shows the overall yield for each of the products shown.
3.1.4. Figure 1 and Table 1 (Figure1_JOVE_Revision.eps and JoVE_Revised_Table 1.xlsx) Video editor: Emphasize structures 1, 2, 3, and 4 in Figure 1 and highlight the data rows in Table 1 corresponding to the ‘1’, ‘2’, ‘3’, and ‘4’ cells in the leftmost column of Table 1.
4. Conclusion (Said by you on camera. Don’t forget to smile!)
4.1. [bookmark: _Hlk513366547]Silas Griffin: Generally, individuals new to this method struggle with selecting an appropriate polymer support linker. It is essential for the linker to be robust to all reaction conditions during the synthesis.
4.2. Kevin Huang: While attempting this procedure, remember to wash and dry the resin before the next reaction step. Leftover reagents from the previous step will complicate the overall synthesis and will affect the yield and purity of the spirocyclic product.
[bookmark: ProvidedMedia]Video editor: Corresponding visuals are in step 2.3, with additional visuals in steps 2.7, 2.9, 2.11, and 2.13.

PROVIDED MEDIA
Authors: Name new or modified files with the scheme 01234_PIname_Figure1.tif, where 01234 is your JoVE video ID and PIname is the corresponding author’s surname. For example:

5.2 – 01234_PIname_Figure1.tif – dual color imaging of tumor angiogenesis at 40X
5.3 – 01234_PIname_Figure2.tif – dual color imaging of tumor angiogenesis at 100X

Minimum dimensions: 720 x 480 pixels
Minimum resolution: 300 dpi

Preferred image formats: .pdf, .tiff, .png, .eps, .ai, .psd
Preferred movie formats: .mov, .mp4, .avi

.mov or .mp4 files are strongly preferred for screen capture footage. Vector or layer-compatible formats (.svg, .ai, .eps, .pdf, .psd) are strongly preferred for complex figures and graphs.

To generate a vector (.pdf) file from a graph prepared in Excel or similar software, first, move the graph to its own sheet and click the tab to view the graph. Use ‘Save As’ to save this sheet as a standard .pdf.

Upload each file to your project folder: https://www.jove.com/account/file-uploader?src=17844988

Please list the provided files below and specify the step or steps where the files will be used. If a file is not based on an existing figure, please provide a short description.

· [bookmark: Text13]Step number(s) – File name - Description (if new figure)

[bookmark: GeneralPrep]GENERAL PREPARATION
It is critical for a smooth and organized shoot that your samples, reagents, instruments, glassware, and software are ready to go. This ensures that filming can quickly move from step to step.

Reagents, samples, and solutions should be prepared or collected and labeled before we arrive. Tubes, glassware, and plates should be clean, dry, and neatly labeled. 

Each shot will take about five minutes, as it takes a few minutes to set up between shots. You may need to prepare duplicate samples if a step that must be performed quickly is shown with more than one shot.

The filming process will be like a cooking show: if a step takes more than 5-10 minutes, you will continue the demonstration with the pre-made product of that step. Therefore, if your procedure has long incubation, reaction, heating, or calculation times, please prepare the products of those steps before we arrive. Please notify your script editor if the product of a long step is too unstable to be prepared in advance.

Individual shots may be filmed out of order to allow a longer process to finish. If your procedure has a long delay in the middle that cannot be skipped or continued from the previous step using a pre-made product, you may need to perform the process up through the delay in advance and film the second half of the process first. Please clearly mark any steps or specific shots that you wish to film out of order.

Please contact your script editor or see JoVE’s FAQ if you have general questions about filming. For detailed preparation instructions, please see the email that accompanied this script.
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