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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)_________  
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.)
[bookmark: _Hlk514849886]_Steps 2.4., 2.5.2., 2.8.3. and 2.11.1.__________________________________

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.) _ Step 2.4._________________________

E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? ___________________________________________________


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!)  
Hidehisa Someya: This method can be expected to help drug discovery research because of the short process needed for the preparation of biologically-active disaccharide nucleosides as compared with traditional synthetic methods [1-MED].
Hidehisa speaks towards camera, interview style. 
[bookmark: _Hlk514862194]Taiki Itoh: The main advantage of this technique is that unprotected nucleosides can be applied for glycosylation without tedious protecting group manipulations to synthesize the disaccharide nucleosides [1-MED].
Taiki speaks towards camera, interview style.

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
Shin Aoki: Visual demonstration of this method represents useful information for successful glycosylation of unprotected nucleosides for researchers and students, not only in chemistry, but also in other research fields [1-MED].
Shin speaks towards camera, interview style.

Protocol: (read by voice talent at JoVE)

Narrators: For pronouncing the compound names, please use the format of “alpha” or “beta” followed by the number.  For example, β-22 is pronounced as beta-twenty-two.
Procedure for O-glycosylation Reactions
To begin, optimize the reaction conditions for the synthesis of compound α/β-12 (pronounced as “Alpha and beta twelve”) as described in the text protocol [1-LM-TXT].
57897_Aoki_AlphaBeta-12_synthesis – TEXT Overlay: See Text for Boronic Acid Alternatives  
Next, apply the optimized reaction conditions to the synthesis of β-22 to β-30, as well as for β-33 and α-34, using a similar procedure.  In this video, the synthesis of compound β-22 is demonstrated [1-LM-TXT].
57897_Aoki_ Beta22-Beta30_product – TEXT Overlay: See Text for Acceptor and Product Alternatives  
[bookmark: _Hlk514969107]Begin with the temporary protection of 2’, 3’-diol (pronounced as “two prime, three prime diol”) of ribonucleoside by dissolving 20.4 milligrams of adenosine-13 in 0.76 milliliters of anhydrous pyridine, in a 10 milliliter pear-shaped flask [1-MED].  Then, add 80.4 milligrams of galactosyl donor β-21 [2-CU].
Pear-shaped flask as talent adds 20.4 milligrams of adenosine-13 and 0.76 mL of anhydrous pyridine.  Use labeled containers. (Author Comment: Take 2)
Mixture as talent adds 80.4 milligrams of galactosyl donor β-21.  Use labeled containers.
[bookmark: _Hlk514937626]Now add 21.7 milligrams of 4-(trifluoromethyl)phenylboronic (pronounced as “four- trahy flohr-oh-meth-uh l fen-l bohr-on-ik”) acid 11c.  This boronic acid alternative is used because it gave α/β-12 in the highest chemical yield during optimization [1-MED-over the shoulder].
Talent adds 21.7 milligrams of 4-(trifluoromethyl)phenylboronic acid 11c to the mixture in the pear-shaped flask.  Use labeled containers. (Author Comment: Take 2)
[bookmark: _Hlk516408722]Evaporate the mixture dissolved in 0.76 milliliters of anhydrous pyridine using the rotary evaporator [1-CU].
Pear shaped flask as talent attaches it to the rotary evaporator and starts it rotating.
Then, co-evaporate the resulting reaction mixture with 0.76 milliliters of anhydrous pyridine twice, followed by 0.76 milliliters of anhydrous 1,4-dioxane… [1-MED], three times, at room temperature to approximately 40 degrees Celsius to remove any water [2-MED-over the shoulder].
[bookmark: _Hlk516408872]Talent adds 0.76 milliliters of anhydrous pyridine followed by the evaporation.  Then, talent adds 0.76 milliliters of anhydrous 1,4-dioxane to the mixture from labeled containers.
Added 2.6.1. Added scene of adding dioxane (Editor: Not sure if this is in 2.6.1 or if it is a separately slated shot. If it is a separately slated shot, it can be used during “…followed by 0.76 milliliters of anhydrous 1,4-dioxane…”)
Talent attaches the flask to the rotary evaporator and starts it rotating.
2.6.2 a.  [Added Shot]: Attaching ballon (Editor: Since the actions in 2.6.2a or 2.6.2b aren’t specifically mentioned in the VO, I think they can both be omitted for the time being)
2.6.2.b.  [Added Shot]: Turn on Argon
Dissolve the residue in 0.76 milliliters of anhydrous 1,4-dioxane… [1-CU] and stir the reaction mixture at its reflux temperature for 1 hour to form a boronic ester as a temporary protection [2-MED-over the shoulder].
Residue as talent dissolves it in 0.76 mL of anhydrous 1,4 dioxane.  Use labeled containers.
Talent stirs the reaction mixture and start a timer to count down from 1 hour. 
	2.7.2 a. [Added Shot]: Check tempurature 110° (reflux conditions) (Editor: This can be used after/along with 2.7.2 for the corresponding VO, if the shot looks good and fits well. Otherwise it can be omitted and just 2.7.2 can be used)
[bookmark: _Hlk514970532]Remove the solvent using a rotary evaporator followed by a vacuum pump [1-CU].
Flask on the rotary evaporator as it rotates.
[Added Shot]: Vacuum pump (Editor: If this shot looks good enough and there is time, it can be used when the vacuum pump is mentioned. Otherwise, omit it)
Meanwhile, in a 10 milliliter two-neck round-bottom flask with a septum attached to it, add 150 milligrams of 4 Angstrom molecular sieves powder [1-MED].
Talent adds 150 mg of 4 Angstrom molecular sieves powder.  Use labeled containers.
Heat the molecular sieves in a microwave under atmospheric pressure [1-CU].  Then, cool them under reduced pressure evacuated by a vacuum pump, three times [2-MED-over the shoulder].  After cooling, dry the sieves with a heat gun under reduced pressure while replacing the air with argon gas several times [3-CU].
Microwave as talent places the molecular sieves there to heat.
Talent leaves the sieves to cool under reduced pressure.
Heat gun as talent uses it to dry the molecular sieves under reduced pressure, replacing air with argon gas.
To perform the glycosylation, dissolve the residue resulting from vacuum decompression in 1.50 milliliters of anhydrous propionitrile… [1-MED-over the shoulder] and transfer this solution to a flask containing the molecular sieves [2-CU].
Talent dissolves the residue in 1.50 mL of anhydrous propionitrile from a labeled container. Adds 1 Ml then 0.5  (Author Comment: Use second try.)
Flask with molecular sieves as talent transfers the solution there.
Stir the reaction mixture at room temperature for 0.5 hours… [1-MED-over the shoulder], followed by cooling it to minus 40 degrees Celsius [2-CU].
Talent starts the reaction stirring and starts a timer to count down from 0.5 hours.
Mixture as talent leaves it to cool.
2.12.2a. [Added Shot]:  Measure -40° (Author Comment: Second take is better. Doesn’t stay at -40 degrees for long) (Editor: This shot can be used in place of 2.12.2a if it looks better)
[bookmark: _Hlk511833082]Now, add 117.6 milligrams of silver triflate [1-MED-over the shoulder] followed by 30.3 microliters of p-toluenesulfenyl (pronounced as “para-tol-yoo-een suhl-feh-nil”) chloride to the reaction mixture at the same temperature [1-MED-over the shoulder] [2.13.2]. 
Reaction mixture as talent adds 117.6 milligrams of silver triflate and 30.3 microliters of p-toluenesulfenyl chloride at minus 40 degrees Celsius.  Use labeled containers.
[Added Shot]: 30.3 microliters of p-toluenesulfenyl chloride at minus 40 degrees Celsius.
Stir the reaction mixture, at minus 40 degrees Celsius, for 1.5 hours [1-CU].  
Solution as talent starts it stirring is continuously stirred (Author Comment: The solution is yellow).  
[Added Shot]: Solution turns white/clear after 1.5 hours (Editor: If it works, we could transition to this shot at the end of this VO. However, if it doesn’t easily work, I’d omit this shot)
Next, check the reaction by thin-layer chromatography with 2 to 1, hexane to ethyl acetate, to check the glycosyl donors… [1-MED-TXT], and with 10 to 1, chloroform to methanol to check the glycosyl acceptors and products [2-CU-TXT].
Talent works to set up the TLC reaction with hexane to ethyl acetate.  TEXT Overlay (keep up for next point): See text for more on TLC analysis
TLC reaction as talent sets it up with chloroform and methanol.  TEXT Overlay: See text for more on TLC analysis
Quench the reaction mixture with 2.0 milliliters of saturated aqueous sodium bicarbonate [1-CU].  Then, dilute the reaction with 3.0 milliliters of chloroform [2-MED].  Now, remove the insoluble materials through Celite, and carefully wash the Celite with 30 milliliters chloroform [3-MED-over the shoulder].
Reaction mixture as talent quenches it with 2.0 mL of saturated aqueous sodium bicarbonate.  Use labeled containers.
Talent dilutes the reaction with 3.0 mL of chloroform.  Use labeled containers.
Talent runs reaction through Celite, and carefully washes the Celite with 30 milliliters chloroform
[bookmark: _Hlk511578978]Using a 100 milliliter separatory funnel, wash the filtrate with 30 milliliters of saturated aqueous sodium bicarbonate, three times [1-CU].  Then wash the filtrate with 30 milliliters of brine [2-MED]. 
100 mL separatory funnel as talent washes the filtrate with 30 milliliters of saturated aqueous sodium bicarbonate. Use labeled containers. (Author Comment: Reshot this at the end of the day.)
2.17.1a. [Added Shot]: talent drains chloroform (Editor: The authors seems to question if 2.17.1 is aqueous sodium bicarbonate or chloroform. They didn’t say which. Since they didn’t change the VO, I’d omit this shot and just use 2.17.1 for now)
Talent washes the filtrate with 30 mL of brine.  Use labeled containers. 
2.17.2b. [Added Shot]: talent drains brine (Editor: This can replace 2.17.2 if it looks better. Otherwise, omit it)
Dry the resulting organic layer with sodium sulfate [1-CU].  After filtering the insoluble materials [2.18.1a], concentrate the filtrate using a rotary evaporator [2-MED-over the shoulder].
Organic layer as talent adds sodium sulfate to it.
	2.18.1a. [Added Shot]: filtering 
Talent starts the filtrate turning on the rotary evaporator.
Purify the remaining residue by silica gel column chromatography with a chloroform/methanol gradient ranging from a 1 to 0 ratio, to a 30 to 1 ratio, to afford the β-22 [1-MED-TXT].  
Talent injects the sample onto the column and begins purification.  TEXT overlay (show as “to afford the β-22” is narrated): 27.4 mg, 42%, colorless solid (Author Comment: Take 2)
Continue synthesis of other compounds as detailed in the text protocol [1-WIDE].
Talent dissolves the chemicals for the next synthesis.
[bookmark: _Hlk516409113][bookmark: _Hlk499639565]NMR Studies of Cyclic Boronic Ester
[bookmark: _Hlk516410110]In 10 milliliter pear-shaped flask, dissolve 34.3 milligrams of uridine 10 and 40.0 milligrams of 4-(trifluoromethyl)phenylboronic acid 11c in 1.00 milliliter of anhydrous pyridine [1-MED].
Talent dissolves 34.3 milligrams of uridine 10 and 40.0 milligrams of 4-(trifluoromethyl)phenylboronic acid 11c in 1.00 milliliter of anhydrous pyridine.  Use labeled containers. (Author Comment: Add in this order uridine, pyridine then phenylboronic acid) (Editor: I’ve left the VO and shot description as-is for the time being)
Co-evaporate the reaction mixture with 1.00 milliliter of anhydrous pyridine, three times and then 1.00 milliliter of anhydrous 1,4-dioxane… [1-CU], three times, at room temperature to approximately 40 degrees Celsius to remove any water [2-MED-over the shoulder].
Evaporate the mixture dissolved in 1.00 milliliters of anhydrous pyridine using the rotary evaporator.  Then, Flask with mixture as talent adds 1.00 milliliter of anhydrous pyridine and 1.00 milliliter of anhydrous 1,4-dioxane from labeled containers. Use shot 2.6.1 and 2.6.1.a
Talent places the flask onto the rotary evaporator and starts it rotating. Use shot 2.6.2
Dissolve the residue in anhydrous 1.40 milliliters of 1,4-dioxane [1-MED-over the shoulder].  Then, stir the reaction mixture at its reflux temperature for 1 hour to form a boronic ester as a temporary protection [2-CU].
Talent dissolves the residue in anhydrous 1.40 milliliter of 1,4-dioxane.  Use labeled containers. Use 2.7.1
Flask as the reaction mixture refluxes. Use 2.7.2
Now, dispense the 0.14 milliliters of the reaction mixture to a 5 milliliter vial [1-MED].  Remove the solvent from the 5 milliliter vial using a rotary evaporator [2-MED-over the shoulder] followed by a vacuum pump [2-MED-over the shoulder] [3.4.2a].
Talent dispenses 0.14 milliliters of the reaction mixture to a 5 milliliter vial.
Talent places the vial onto the rotary evaporator and starts it rotating.
3.4.2a. [Added Shot]: pump
3.4.2b. [Added Shot]: pump CU
[bookmark: _Hlk511850614]Dissolve the resulting residue in 0.64 milliliters of Trideuteroacetonitrile (pronounced as “trahy doo-ter-oh as-i-toh-nahy-tril”) [1-ECU].
Residue in the vial as talent dissolves it in 0.64 milliliters of Trideuteroacetonitrile (Author Comment: This was slated as 3.61. It’s the first shot of the day. MVI_0659.MOV Please use this take, take 2)
Finally, measure proton, Boron-eleven, and Fluorine-nineteen NMR spectrum [3.6.3] using a quartz NMR tube at 25 degrees Celsius [1-CU] [3.6.4].
Quartz NMR tube as talent adds the analyte. (Author Comment: Broke this up into 4 shots) (Editor: I’ve listed the two shots that I think could cover the whole VO sufficiently. If these shots are too short or show one continuous action – more or less – feel free to use them all)
Adjusting tube
add to NMR
Working at computer
Tube Going down

Results: O-Glycosylations of Nucleosides Utilizing Temporary Protection of 2’,3’-Diol by Boronic Ester 
Reaction conditions for the glycosylation of uridine 10 with glycosyl donor α-9 were optimized [1-LM].  The condition as shown in entry 12 gave the disaccharide nucleoside α/β-12 in highest chemical yield [2-LM].
Figure 3
Figure 3 – Video editors, please emphasize the already highlighted row 12 by making it flash or glow.
Shown here are the results of the glycosylations of various nucleosides 10, and 13 through 20… [1-LM] with glycosyl donor β-21… [2-LM], that when used with optimized reaction conditions afford the corresponding disaccharide nucleosides β-22 through β-30… [3-LM] in the highest yields [4-LM].
Figure 4 – Video editors, please emphasize the column in each table (left and right) entitled “Acceptor” and includes the “Nucleobase” chemical structure, the number (13-20) and the part in parentheses under that.  Also simultaneously highlight the chemical structure labeled “Acceptor 10, 13-20” in the reaction at the top.
Figure 4 – Video editors, please emphasize the chemical structure labeled β-21 in the reaction at the top.
Figure 4 – Video editors, please emphasize the column in each table (left and right) entitled “Product” including the product name (β-22-30) and the part in parentheses under that.
Figure 4 – Video editors, please emphasize the column in each table (left and right) entitled “Yield (for 2 steps)” including the percentages.

(Author Comment: Could you add the result of NMR Studies of Cyclic Boronic Ester?
1H, 11B and 19F NMR spectra of the reaction mixture 36 prepared from uridine 10 and 4-(trifluoromethyl)phenylboronic acid 11c indicate the formation of  the cyclic boronic ester intermediate 37.)

[bookmark: _GoBack](Editor: I have not added this – the authors did not specify how they wanted it added, which parts were important, or what the VO should say. If they provide the VO to our style guidelines, it can probably be included because they’re well under the word limit. We can reach out to the scriptwriter if the authors insist, and the scriptwriter can script this result)
[image: C:\Users\hidehisa\Desktop\JoVE\JoVE20180610\Figure 5.tif]Figure 5. tif
Conclusion (said by authors on camera)
Hidehisa Someya: While attempting this procedure, it’s very important to obtain the anhydrous conditions using sufficiently dried flasks, molecular sieves and solvents to avoid the hydrolysis of boronic ester and glycosyl donor [1-MED]/[2-CU].
Hidehisa speaks towards camera, interview style.
Shot 2.10.3 can also be shown here.
Taiki Itoh: Application of temporary protection of hydroxyl groups by boronic ester will be useful for the synthesis of a variety of natural and artificial compounds, as well as disaccharide nucleosides [1-MED].
Taiki speaks towards 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, .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.  

Insert your media filenames here.
57897_Aoki_AlphaBeta-12_synthesis 

57897_Aoki_ Beta22-Beta30_product

Figure 3.tif (Optimization of reaction conditions)

Figure 4.tif (O-Glycosylations of various nucleosides)

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.
 2017, Journal of Visualized Experiments
image1.tiff
'H, "B and "°F NMR

B(OH),
1) Co-evaporation with
HO pyridine and 1,4-dioxane  Reaction mixture 36
including 37 — measurements
2) 1,4-dioxane, reflux, 1 h in CD3CN
CF3
HO OH
10 11c
Proposed structure of 37, 39 and 40
o
‘ NH F3C CF3 FsC CF3
o e Ol I T
° 578 508
0O.,.0 0.,.0
o\ /O | °N B 8
: g @
CF3 CF3
CF3
37 39 40
"H NMR spectra (400 MHz, TMS) 5
o
3
S NH
HO5 65y Ao
4O
3 2'
HO OH
10

Reaction mixture 36

"B NMR spectra (128 MHz, BF3°OFEt,)

11c

Reaction mixture 36

19F NMR spectra (376 MHz, TFA)

11c
s PR

11¢ and/or 40
39

Reaction mixture 36 \
A~

-62.5 -63.0 -63.5
5/ ppm




