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23
24  ABSTRACT:
25 The design and synthesis of a synthetic system that aims for the direct visualization of a
26  synthetic rotary motor at the single molecule level on surfaces are demonstrated. This work
27  requires careful design, considerable synthetic effort, and proper analysis. The rotary motion of
28  the molecular motor in solution is shown by *H NMR and UV-vis absorption spectroscopy
29  techniques. In addition, the method to graft the motor onto an amine-coated quartz is
30 described. This method helps to gain more insight into molecular machines.
31
32 INTRODUCTION:
33 Inliving organisms, there are abundant molecular motors functioning to sustain daily life. They
34  are able to perform various tasks such as fuel production, transport, mobility, etc.!. Drawing
35 from the inspiration of these fascinating examples in Nature, scientists have developed a series
36  of artificial molecular motors over the last several decades to convert different types of energy
37 into controlled motion at the molecular level?1°, The Nobel Prize in Chemistry in 2016 was
38 awarded to three pioneers in this field. Ben Feringa, one of the laureates, has developed the
39 light-driven molecular motor that is able to undergo continuous unidirectional rotary motion.
40
41 However, at a molecular level, Brownian motion, also known as the random motion due to
42  molecular collisions and vibrations, is usually the major obstacle for further application of these
43  molecular motors. Brownian motion can disrupt any directed motion. Confining the molecular
44  motors on surfaces may be one of the options to overcome this problem. By doing so, the
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relative rotation of one part of the molecule with respect to the other is converted to the
absolute rotation of the rotor relative to the surfacell. In addition, use of the single molecular
imaging technique may help visualize the motion. Therefore, the results obtained by this work
will help to gain more insight into the synthetic molecular motor.

The pioneering work of Yoshida and Kinosita (Figure 2a)?!3 has served as the inspiration for
the design in the current work, shown in Figure 2b. The lower half of a light-driven molecular
motor is attached to a surface to serve as the stator. The rotor part is functionalized with a rigid
arm and fluorescent label. When applying two different irradiation wavelengths to the system,
one will trigger the rotation of the motor, while the other will excite the fluorescent tag. In
principle, the rotary motion of the rotor part triggers the rotation of the fluorescent group.
Therefore, the rotation of the fluorescent tag can be followed by defocused wide-field
fluorescence microscopy. This method provides, for the first time, a method to convert the
relative rotation of a molecular motor into absolute rotation, and therefore a way to visualize
the rotation of a synthetic motor.

This article provides details on the design, total synthesis, and solution isomerization studies of
a molecular motor that is used for single molecular imaging. The molecular structure is shown
in Figure 3. In addition, the method to attach molecular motors on quartz surface is described.

PROTOCOL:

NOTE: Organic synthesis is the major core of this project. Figure 1 shows the key steps and how
to obtain the target molecule.

1. Preparation of 1b
NOTE: Solvents were purchased in analytical grade.
1.1.  Synthesis of ketone (3)

NOTE: At first, a five-member ring ketone 2 with an iodo group is functionalized because it is
more reactive. This reaction is carried out under argon atmosphere.

1.1.1. In a sealed tube (100 mL) containing 2 (640 mg, 2.3 mmol), Cul (219 mg, 1.1 mmol), and
Nal (3.44 g, 23 mmol), add 1,4-dioxane (50 mL) and N,N’-dimethyl ethylenediamine (202 mg,
2.3 mmol).

1.1.2. Set the reaction temperature to 140 °C and stir for 24 h.
1.1.3. Cool the mixture to room temperature (RT), remove the solvent in vacuo, and purify the

remaining material by flash chromatography: SiO (40 g); eluent: pentane:EtOAc = 10:1 (total =
550 mL). The product should be obtained as a yellow, sticky oil (642 mg, 91%).
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1.2.  Synthesis of motor 5

NOTE: Use the Barton-Kellogg reaction to form the central double bond. This reaction is carried
out under argon.

1.2.1. Ina 50 mL round-bottom flask, add Lawesson’s reagent (415 mg, 1.1 mmol), ketone 3
(219 mg, 0.68 mmol), and toluene (10 mL).

1.2.2. Heat the mixture at reflux for 2 h and subsequently evaporate the solvent.
1.2.3. Purify the residue by flash column: SiO; (24 g), eluent: pentane:ethyl acetate = 30:1
(total = 155 mL) to obtain the corresponding thioketone, which is subsequently redissolved in

20 mL of THF to yield a blue solution.

1.2.4. Add a THF solution (20 mL) of diazo compound 4 (476 mg, 1.37 mmol) to the blue
solution, and stir the newly mixed solution at 50 °C overnight.

NOTE: This is the most crucial step of the entire synthesis. The diazo compound and thioketone
solution must be fresh and should be made prior to the reaction.

1.2.5. Evaporate the solvent and purify the residue by chromatography: SiO; (24 g), eluent:
pentane:CH,Cl; = 10:1 (total = 220 mL) to yield motor 5 (250 mg, 50%) as a red solid.

1.3.  Synthesis of motor 6

NOTE: When the central double bond is formed, replace the iodo group by an acetylene moiety.
1.3.1. To a 20 mL Schlenk tube, add 3 (165 mg, 0.26 mmol), Pd(PPhs).Cl; (2.5 mole %), Cul (5
mole %). Then, add THF (10 mL) and (i-Pr)2NH (2 mL) that should be bubbled with argon for 10

min before.

1.3.2. Stir the mixture at RT for 10 min. Then, add triisopropylsilyl acetylene (42 mg, 0.27
mmol).

1.3.3. Stir the mixture for 15 h, then pour it into an aqueous saturated NH4Cl solution (25 mL).

1.3.4. Extract the mixture with CH,Cl, (3 x 20 mL). Further wash the combined organic layers
with saturated brine and dry (NazSOa).

1.3.5. Remove the solvent and purify the residue by flash chromatography: SiO, (12 g), eluent:
pentane:CH,Cl; = 10:1 (220 mL) to yield 8 as a brown oil (171 mg, 99%).

1.4.  Synthesis of motor 8
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NOTE: This reaction is carried out under argon.

1.4.1. Stir a mixture of 6 (161 mg, 0.24 mmol), pinacol ester 7 (240 mg, 0.71 mmol), K3PO4 (300
mg, 1.44 mmol), and Pd(PPh3)s (98 mg, 0.096 mmol) in 1,4-dioxane (20 mL) at 90 °Cin a 50 mL
Schlenk tube for 16 h.

1.4.2. Cool the mixture to RT, dilute it with ethyl acetate (30 mL), and perform the filtration
with a glass filter.

1.4.3. Remove the solvent. Purify the residue by flash column chromatography: SiO; (12 g),
eluent: pentane: CH,Cl,= 1:6 (total = 122 mL) to yield ester 8 as a brown oil (156 mg, 56%).

1.5.  Synthesis of motor 9

1.5.1. Add TBAF (0.1 mL) to a solution of 8 (120 mg, 0.13 mmol) in THF (10 mL) in a 20 mL
Schlenk tube at 0 °C.

1.5.2. Stir the mixture at 0 °C for 1 h, then pour it into an aqueous saturated NH4Cl solution (20
mL).

1.5.3. After extraction with CHCIs (3 x 10 mL), wash the combined organic layers with
saturated brine and dry (Na;S0Oa).

1.5.4. Remove the solvent and purify the residue by flash chromatography: SiO, (12 g), eluent:
pentane:ethyl acetate = 1:3 (124 mL) to yield 9 as a dark red oil (116 mg, 95%).

1.6.  Synthesis of motor 12

NOTE: This reaction is carried out under argon.

1.6.1. To a 20 mL Schlenk tube, add motor 9 (75 mg, 0.10 mmol), PBI 11 (68 mg, 0.10 mmol)
Pd(PPhs)2Clz (2.5 mol%), Cul (5 mol%). Then, add THF (10 mL) and (i-Pr)2NH (2 mL) that should
be bubbled with argon for 10 min before.

1.6.2. Stir the mixture overnight and pour it into an aqueous saturated NH4Cl solution.

1.6.3. After extraction with CHCIs (3 x 20 mL), wash the combined organic layers with
saturated brine and dry (Na,S0a4).

1.6.4. Remove the solvent and purify the residue by flash chromatography: SiO, (12 g), eluent:
CHCI5 (100 mL) to yield motor 12 as a dark red solid (66 mg, 57%).

1.7. Synthesis of motor 1b
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NOTE: When the ester compound is obtained, hydrolyze it to make the final target molecule.

1.7.1. Dissolve the ester 12 (90 mg, 0.038 mmol) in THF (5 mL), MeOH (5 mL), and NaOHaq))
(2 M, 5mL)in a 50 mL flask and heat the mixture to 75 °C for 16 h.

1.7.2. Cool the mixture to RT and add 5 mL of water. Remove the THF and MeOH by rotary
evaporation.

1.7.3. Titrate the mixture with HCl(aq) (1 M) until reaching a pH of 1 to form a brown
precipitate. Filtrate the mixture and wash the brown solid with cold water (10 mL) and dry in
vacuo. This brown solid is the target molecule 1b (55 mg, 85%).

2. Preparation of motor functionalized monolayer MS-1b

2.1. Clean quartz slides by immersing them in a piranha solution (3:7 ratio of 30% H,0; in
H,S04) at 90 °C for 1 h. Rinse copiously with doubly distilled water 3x, then rinse with MeOH.
Dry the slides under a stream of N, before surface modification.

2.2.  Silanize the piranha-cleaned quartz slides by immersing in a 1 mM solution of
3-aminopropyl(diethoxy)methylsilane in freshly distilled toluene at RT for 12 h. Rinse copiously
with toluene and MeOH.

2.3.  Sonicate the quartz first in toluene, then in MeOH, and dry them under a stream of
argon.

2.4. Immerse the amine-coated slides in DMF solution of 1b (104 M) at RT for 12 h.

2.5.  Wash the slides with DMF, water, and MeOH, then dry them under a stream of argon.
After drying, the slides are ready for use.

REPRESENTATIVE RESULTS:

Irradiation of the molecular motor is performed with UV light (Amax = 365 nm). Upon irradiation,
a photo-induced E-Z isomerization around the central double bond occurs. During this process,
the molecule is transformed from a stable to an unstable isomer. A thermally activated helix
inversion step then follows to release the strain of the whole molecule. This results in the
original stable state. 'H NMR spectroscopy is then employed to evaluate the rotary process
(Figure 4a). A solution of the sample is prepared in an NMR tube, then a lamp of UV-light (Amax =
365 nm) is placed next to the tube. After 2 h of irradiation, distinct changes can be found in the
'H NMR spectrum. These changes indicate the generation of a new isomer that is considered to
be unstable-1b (Figure 4b). It is seen in the 'H NMR spectroscopy that H, shifts from 2.9 ppm
(doublet) to 3.3 ppm (double doublet). The signal at 1.4 ppm can be assigned as the absorption
of the methyl group, and it downfield shifts from 1.4 ppm to 1.6 ppm. When the sample is kept
overnight at room temperature in the dark, the original spectrum can be recovered (Figure 4a).
It indicates the process of the thermal helix inversion that converts unstable-1b to stable-1b.



221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264

In order to study the rotary motion of motor 1b on surfaces, the surface-attached motor
assemblies MS-1b (MS = motor on surfaces) are prepared. The quartz slides are first
functionalized with amine. After this step, the quartz is immersed in a DMF solution (10 M) of
1b at RT overnight. The resultant quartz is rinsed with DMF, water, and MeOH. The prepared
quartz slides are then submitted for UV/vis studies. A UV/vis absorption spectrum of MS-1b
(solid line) is shown in Figure 5b. As seen in the spectrum, the major absorption band and
absorption profile are similar to that observed in solution (Figure 5a). It also shows the
characteristic absorptions for motor (420 nm) and PBI (456 nm, 490 nm, 524 nm). These peaks
suggest the successful attachment of motor 1b to the amine-coated surfaces. In addition, the
quartz slide is irradiated for 15 min, and spectral changes are observed similar to that of the
solution, indicating generation of the unstable MS-1b.

FIGURE AND TABLE LEGENDS:

Figure 1: Synthetic scheme towards the preparation of target molecule 1b. The scheme shows
the reagents, solvents, and reaction conditions that are used in each step.

Figure 2: (a) Schematic illustration of the structure of FoF1-ATPase grafted on a surface for
visualization of unidirectional rotation (reproduced with permission??). (b) Conceptual design of
a synthetic surface-bound light-driven molecular motor for single molecule imaging.

Figure 3: Structure of a surface-bound molecular motor 1b, bearing a rigid long arm between
the motor core and PBI label.

Figure 4: Aliphatic region of the 'H-NMR spectra of motor 1b (CD.Cl;, -20 °C, c = 103 M) (a)
stable-1b, before irradiation (365 nm). (b) Photo stationary state mixture after irradiation.

Figure 5: UV/vis absorption spectra. UV/vis absorption spectra of (a) motor 1b (CHxCl,, 0 °C),
stable isomer (solid line) and unstable isomer (dashed line) at PSS. (b) MS-1b (quartz, 4 °C)
before (solid line) and after (dashed line) irradiation.

DISCUSSION:

This project involves a significant amount of synthetic work; therefore, the most critical step is
organic synthesis towards the final molecule. Among the total synthesis, the Barton-Kellogg
reaction is the key step, since it is the reaction in which the central double bond of the
molecular motor is formed. Currently, several methods have been used to form these types of
structures. Here, diazo-thioketone coupling is used, and the upper and lower halves have been
prepared as the diazo and thioketone compounds, respectively. Thioketone and diazo
compounds are usually not stable under air; therefore, the reaction requires fast operating
under a strictly inert atmosphere.

Existing methods to confine molecular motors on the surfaces are mostly based on bipodal
systems. However, the isomerization processes of previously designed bipodal motors were
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obstructed due to intermolecular interactions. In addition, some of the bipodal examples
requires further activation prior to attachment. The current method accomplishes this in a
tetrapodal manner, which provides robust attachment of the motor on surfaces with sufficient
isolated space.

A limitation of this method is the choice of fluorescent tag. Only dyes with specific wavelengths
are allowed, as the rotation of motor is triggered by the 365 nm wavelength and thus should
not be overlapped. In addition, the synthetic route employed in the described protocol towards
the target molecule requires several steps in which harsh conditions are needed for completion
of the reaction. In the future, a more facile synthetic design is probably needed if a more
advanced molecule for single molecular imaging is required.

In conclusion, the design and synthesis of a highly functionalized light-driven molecular motor is
described for the first time. Some details of the synthetic effort are discussed, as well.
Furthermore, methods to graft the motor onto a quartz slide surface are demonstrated, and
the sample can be further tested for visualization of single molecular motion?4.
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Name of Material/ Equipment
NMR spectrometer
Reagent for organic reactions
Silica gel
Solvent
UV lamp
UV-vis absorption spectrophotometer

Company
Varian
Sigma
Merck
Acros
ENB
JASCO

Click here to access/download;Table of Materials;JoVE_Materials-R1.xIs

Catalog Number
AMX400
analytical grade
230-400 mesh ASTM
spectrophotometric grade
280C
V-630

Comments/Description
for proton nmr study
reagent for organic reactiol
Flash chromatography
Flash chromatography
for UV-vis irradation
UV-vis measurment

*


http://www.editorialmanager.com/jove/download.aspx?id=933411&guid=ae2d8845-89f0-4641-b541-7dc11c75ce15&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=933411&guid=ae2d8845-89f0-4641-b541-7dc11c75ce15&scheme=1

1S



Author Liée%se Agreement (ALA)

Click here to access/download;Author License Agreement
(ALA);author-JiawenChen.pdf

jove

VISUALIZED EXPERIMENTS

ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article: |
Sywtnegig ol Studies rfl,rjbb—o(fiwm Mole cudar Maotors angwfu&

Author(s): T HoT T frocwe\ny Limaging
Tawen C/\\M, Jerome Vo hon Rew \:Qﬁwjﬂ.

ltem 1: The Author elects to have the Materials be made available (as
http://www.jove.com/publish) via:

I:IStandard Access

described at

@ Open Access

Iltem 2: Please select one of the following items:
The Author is NOT a United States government employee.

|:|The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

I:IThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video of the Article, and in which the Author may or may not
License Agreement, the following terms shall have the appear.
following meanings: “Agreement” means this Article and 2. Background. The Author, who is the author of the

Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion
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Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.

For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9s Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JOVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR

Name:
Tiawen Chaw
Department:
Chewistvy
Institution: -
Civatifh Tt | Uwerity of (vromdnfe
Title:
Signature: %h /AM/ Date: a1 8 (o, f)/x/
Y L/ g

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Fax the document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Response to comments of editor and reviewers

Manuscript ID: JoVE58750

Editor
Editorial comments:
Changes to be made by the Author(s):

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no
spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the
submitted revision may be present in the published version. There are missing articles.

Line 60: We can it rotor?

2. Unfortunately, there are a few sections of the manuscript that show overlap with previously
published work. Though there may be a limited number of ways to describe a technique, please use
original language throughout the manuscript. Please see lines: 58-64, 204-207, 210-213, 214-226,

3. Please revise the table of the essential supplies, reagents, and equipment. The table should include
the name, company, and catalog number of all relevant materials in separate columns in an xIs/xlsx
file. Please sort the Materials Table alphabetically by the name of the material.

4. Please complete the attached Author License Agreement (ALA) with open access selected. Please
then scan and upload the signed ALA with the manuscript files to your Editorial Manager account.

5. Please shorten the title. | would suggest removing “Synthesis and Studies of”

6. Please remove the embedded figure(s) from the manuscript. All figures should be uploaded
separately to your Editorial Manager account. Each figure must be accompanied by a title and a
description after the Representative Results of the manuscript text.

7. Please upload Scheme 1 as Figure 1.

8. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).

9. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e.,
how is the step performed? Alternatively, add references to published material specifying how to
perform the protocol action.

10. 1.1.1: How large of a tube? Please specify the size/volumes of the equipment used.

11. Please provide more details on the flash chromatography. What column sizes and solvent
volumes are used?

12. 1.3.3: How much NHA4Cl is used?

13. Please provide all volume and concentrations used throughout.


http://www.editorialmanager.com/jove/download.aspx?id=933412&guid=e670bc83-a77b-4379-912d-659f6d0417f1&scheme=1
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14. Please provide the composition of brine.
15. 1.4.2: Filter how?
16. 1.6.1: This is unclear. What is dry and degassed?

17. Please obtain explicit copyright permission to reuse any figures from a previous publication.
Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial
policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial
Manager account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has
been modified from [citation].”

18. As we are a methods journal, please revise the Discussion to explicitly cover the following in
detail in 3-6 paragraphs with citations:

a) Critical steps within the protocol

b) Any modifications and troubleshooting of the technique
c) Any limitations of the technique

d) The significance with respect to existing methods

e) Any future applications of the technique

19. Please ensure that the references appear as the following: [Lastname, F.l., LastName, F.I.,
LastName, F.I. Article Title. Source. Volume (Issue), FirstPage — LastPage (YEAR).] For more than 6
authors, list only the first author then et al.

20. Please use at least 10 publications as references.

Reviewers' comments:

Reviewer #1:
Manuscript Summary:

The manuscript "Design, Synthesis and Isomerization Studies of Light-driven Molecular Motors for
Single Molecular Imaging" finished by Jiawen Chen et al is well prepared. It privides a protocol to
design and and synthesis a synthetic system which aims at the direct visualization of a synthetic



rotary motor at the single molecule level on surfaces. In my opinion, this manuscript should certainly
be published in JoVE.

Reviewer #2:
Manuscript Summary:

The authors describe the synthetic details of visualized light-driven molecular motor and the method
to graft the motor to quartz surface. The title and abstract are appropriate; the discussion is
adequate; the equipment listed are needed; all the critical steps are highlighted. However, some
steps are not clearly explained and some appropriate controls should be suggested as listed below. |
suggest this method article could be accepted after the minor modification addressing the following
comments.

Major Concerns:

It's well known that some reagents like Lawesson's reagent and metal catalysts are sensitive to
oxygen and the reactions may be affected by air, so the atmosphere of organic reactions should be
clarified in the protocol section, otherwise it probably leads to the failure of replication.

Minor Concerns:
1. The resource and purity of the chemicals including solvents should be provided.

2. Line 105, authors state that purification by flash column yields a "blue solution of the
corresponding thioketone", which is very confusing. In common understanding pure product (liquid
or solid) not a solution should be obtained after column. Considering the solution is used in a crucial
step of the whole synthesis, detailed explanation of the solution should be given, e.g., the solvent,
concentration.

3. Typos:

a. line 170, "motob" should be "motor";

b. line 215, "Figure 4a" should be "Figure 3a";
c. line 220, "Figure 5b" should be "Figure 4b" ;
d. line 222, "Figure 5a" should be "Figure 4a";

e. line 262, does the superscript "8" indicate a reference or a note? There is no corresponding
description in the following text.
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