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SUMMARY:

Herein, we report the synthesis and crystallization of 3,5-lutidine N-oxide dehydrate by a simple
protocol that differs from the classical synthesis of pyridine N-oxide. This protocol utilizes
different starting material and involves less reaction time to yield a new solvated supramolecular
structure, which crystallizes under slow evaporation.

ABSTRACT:

The synthesis of 3,5-lutidine N-oxide dehydrate, 1, was achieved in the synthesis route of 2-
amino-pyridine-3,5-dicarboxylic acid. Ochiai first used the methodology for non-substituted
pyridines in 1957 in a 12 h process, but no X-ray suitable crystals were obtained. The substituted
ring used in the methodology presented here clearly influenced the addition of water molecules
into the asymmetric unit, which confers a different nucleophilic strength in 1. The X-ray suitable
crystal compound 1 was possible due to the stabilization of the negative charge in the oxygen by
the presence of two water molecules where the hydrogen atoms donate positive charge into the
ring; such water molecules serve well to construct a supramolecular interaction. The hydrated
molecules may be possible for the alkaline system that is reached by adjusting the pH to 10.
Importantly, the double methyl substituted ring and a reaction time of 5 h, makes it a more
versatile method and with wider chemical applications for future ring insertions.

INTRODUCTION:

Nowadays, scientists around the globe have been investing resources into the development of
new synthetic routes for the functionalization of aromatic groups, which are known for low
reactivity front to addition reactions!3. Pyridine, where a nitrogen atom substitutes a carbon
atom, presents a similar chemical reactivity to analogue rings composed solely of carbon atoms?3,
and it usually undergoes a substitution mechanism rather than addition. N-oxides are distinctive
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by the presence of a donor bond between nitrogen and oxygen formed by the overlap of the
nonbonding electron pair on the nitrogen with an empty orbital on the oxygen atom?3.
Particularly, pyridine N-oxides are Lewis bases, because their N-O moiety may act as an electron
donor, and they may combine with Lewis acids forming the corresponding Lewis acid-base pairs.
This property has an essential chemical consequence, because it can increase the nucleophilicity
of the Lewis acids towards potential electrophiles and thus allow them to react under conditions
where normally the reaction would not occur. Probably the most frequent use of such
compounds is in various oxidation reactions where they act as oxidants®. Pyridine N-oxides and
many of their ring-functionalized derivatives are recurrent molecules of biologically active and
pharmacological agents>, and a clear spatial distribution by different spectroscopic tools has been
established for some of them®’. In research on attaching different groups to the pyridine ring,
scientists have tested various methodologies to produce an easy and conventional method, since
isoxazolines requires a catalytic amount of base such as DBU in boiling xylene to form 6-
substituted-2-aminopyridine N-oxides®®. A variety of pyridine derivatives were converted into
their corresponding N-oxides in the presence of a catalytic amount of manganese tetrakis(2,6-
diclorophenyl)porphyrin and ammonium acetate in CH,Cl,/CH3CN®°, Other pyridines are
oxidized to their oxides using H;0, in the presence of catalytic amounts of
methyltrioxorhenium®, or by the addition of excess dimethyldioxirane in CH>Cl> at 0 °C, which
leads to the corresponding N-oxides®'214, Bis(trimethylsilyl)peroxide in the presence of
trioxorhenium in CH2Clz has been used for the synthesis of pyridine N-oxides®!. The synthesis of
aminopyridine N-oxides involving acylation using Caro’s acid (peroxomonosulfuric acid) has also
been reported®. Nevertheless, the methodology reported here, and which uses part of the
methodology reported by Ochiai, provides very good results with the use of cheaper and
accessible reagents, H,0; and glacial acetic acid. This practice is more suitable for use in large
scale preparations that act on tertiary amines, it produces good vyields in a reaction that only
requires 30% hydrogen peroxide and glacial acetic acid in a temperature between 70-80 °C, and
it uses a purification process that is available in most synthesis laboratories like distillation,
without the use of catalyst or more expensive reagentsl. The literature reports that other
methodologies also frequently involve time frames from 10-24 h and temperatures above 100
°C 48, and the yield of well-formed crystals for X-ray analyses is rarely reported.

Reactively, various N-oxide derivates are used to adequately activate the lutidine ring, in either
a nucleophilic or electrophilic way. The nucleophilic or electrophilic factor is affected by the
substituents. With the pyridine ring being the electron-withdrawing groups, the main factor is
the nucleophilic characteristicl. The free N-oxide compounds are rarely isolated as suitable
crystals for X-ray analysis due to the delocalized charge in the aromatic ring. However, the
solvation factor is critical to stabilize the negative density of the oxygen?'>.

PROTOCOL:
1. Reaction

1.1.  Place in a fume hood an opened round 100 mL flask with 0.5 mol (29.8 mL) glacial acetic
acid and add 0.051 mol (5.82 mL) of 3,5-dimethylpyridine and 5 mL of H,0, (35%). Keep the



mixture reaction under constant magnetic stirring, at an inner temperature of 80 °C for 5 h.

1.2.  Afterthe reaction time, cool the flask to 24 °C with ice (do not expose the acetic acid gases
to the ice), and plug it to a high vacuum distillation unit for 90—120 min to remove excess acetic
acid.

Caution: Do not use hot material. Wait until the glassware reaches a manageable temperature.
This will also avoid vapors entering the top of the distillation unit.

1.3.  Add distilled water (10 mL) twice to ensure the removal of any trace of acetic acid and to
concentrate the mixture much as possible.

2. Basicity Adjustment and Extraction

2.1. Dissolve in bi-distillated water the isolated viscous and transparent product and use a
potentiometer to adjust the pH to 10 with pure solid Na,COs.

2.2.  Place carefully the solution in a 250 mL separation funnel and extract it 5 times with 250
mL of CHCIs; to improve the yield. Recover the organic layer and dry it over solid Na;SO4 for 30
min maximum, which will contain the product. If necessary, re-extract the aqueous phase with
the desired amount of CHCls.

Caution: CHCIl3 may cause drowsiness and dizziness; handle with care and inside a fume hood.

2.3. Remove the solvent under reduced pressure with a high vacuum distillation unit, until the
formation of a very hygroscopic clear beige crystalline powder (70%).

3. Crystallization Process
3.1. Dissolve 4.3 g of the crystalline powder in 50 mL of cold high performed liquid
chromatography (HPLC) grade diethyl ether. Vacuum filter the solution to remove any trace of

solid starting material or even dust. Pour the filtrate into a glass Petri dish, leaving it to slow
evaporate at 4 °Cin a laboratory fridge.

3.2. Ensure that after two days, clear colorless crystals are obtained. Then measure the
melting point, which should be in the range of 310-311 K.

4. Analysis of 3,5-Lutidine N-oxide Dehydrate
4.1. Remove the crystals that are formed, of prismatic shape and colorless, by decantation
from the flask’s walls for further X-ray analysis. If not immediately used, keep the crystals in

diethyl ether to avoid crystal hydration.

4.2. Dissolve 0.010 g of 3,5-lutidine N-oxide dehydrate in 0.4 mL of CDCls to perform NMR H*



and C*3 analysis to prove the effectiveness of the procedure.

REPRESENTATIVE RESULTS:

The protocol is essentially an extension of Ochiai’s technique!. However, lower temperature and
less time are applied. This simple method can be used to obtain a versatile ligand, which is a
substituted pyridine N-oxide derivate. To confirm the formation of 1, NMR *H and 3C analysis
are preferred to test the effectiveness of the procedure.

The chemical shift demonstrates the formation of 1. The signal at 2.28 ppm (parts per million)
corresponds to the six equivalent hydrogens of the two methyl groups in the 3 and 5 positions,
which perceive the magnetic field in less proportion than the permanent magnetic. There are
two sets of septuplets: one belongs to the proton in the ¢ position at 7.9, which doubles the size
of the other signal at 6.9 that belongs to the proton in the position a. Figure 1 shows the chemical
shifts provoked by the presence of the oxygen atom bonded to the nitrogen atom of the pyridine
ring. The oxygen atom is electro-withdrawing and the closer hydrogen atoms to the oxygen atom
(c and a) show displacement to a higher frequency than that for the methyl hydrogens (b).

The same process is plotted for the NMR 3C spectrum, Figure 2, where the signals for the closer
carbons to the oxygen atom (c and a) show frequency separation between their signals of Ac =
1,300 Hz and A; = 200 Hz. Once again, the methyl carbons do not show any change. The IR
spectrum can be used to see the success of the method as well.

The ORTEP diagram, Figure 4, demonstrates the presence of two molecules of water surrounding
the asymmetric molecule. These molecules are believed to stabilize the N—O bond. In similar
cases, it has been described for pyridine N-oxide and related aromatic oxides. There is a
significant stabilizing m-type O—N back-donation, reflected in a calculated bond order higher
than 1 and a number of electron lone pairs on the O atom lower than 3°.

FIGURE AND TABLE LEGENDS:

Figure 1. TMS referenced CDCl; 500 MHz NMR H spectrum of 1. The integrations and chemical
shifts of the three signals agree with three different types of hydrogen atoms present in lutine N-
oxide.

Figure 2. TMS referenced CDCl; 100 MHz NMR 3C spectrum of 1. Three signals are observed for
the five aromatic carbons and one for the two methyl groups.

Figure 3. IR spectrum of 1. The O-H bonds, above of 3,300 cm, are responsible for the
supramolecular structure formation and the crystal formation.

Figure 4. ORTEP diagram of 1 where two molecules of H.0 forms bridge hydrogen bonds with
lutidine’s oxygen, driving their hydrogen atoms toward the oxygen atom. This Figure has been

modified from Merino Garcia et al.1?

Figure 5. Pictures of suitable X-ray diffraction crystals of 1 in diethyl ether (top) and at open air



(bottom). One of these crystals was confirmed in the X-ray magnetometer and showed a
diffraction path of X-ray, which was traduced and refined by special computational programs in
a molecular and crystalline structure?428,

DISCUSSION:

The protocol presented here is a conventional method to link an oxygen atom to the nitrogen
atom of the 3,5-lutidine as a functionalization method of substrates. This technique is also well
established to yield X-ray suitable dehydrated crystals (Figure 5, pictures taken with a DSC-HX300
Cyber-shot Sony camera). As far as we are concerned, not many reports have described the
production of such crystals'®. Many compounds grow ideal crystals for X-ray analysis when they
are chelated by various metals’2%, Once the crystalline powder is formed, it is important to
extract it from their mother liquors using a Kitasato flask and a Buchner funnel. Using rubber
hoses, the Kitasato flask is connected to a vacuum line and on top of it the Buchner funnel is
placed with a filter paper. Once the vacuum has been turned on, the filter paper is moistened
with a small amount of solvent from which the product crystallized. This prevents the crystalline
powder from trickling into the Buchner funnel by the vacuum effect. After securing the filter
paper, the solution containing the crystalline powder is shaken to ensure that all the crystalline
powder is filtered, and none remains in the bottom of the flask. The solution is quickly poured
over the Buchner funnel. The crystalline powder obtained is left for about 10 min on the filter
paper, and then the vacuum is turned off and the crystalline powder is detached from the paper
and stored in an opaque glass vial, labeled with its code and kept at 4 °C until further analysis.
The filtrated liquid is poured into a glass Petri dish, leaving it to slowly evaporation at 4 °C to
improve the formation of adequate crystals for X-ray analysis.

It is important to notice that this protocol uses solvents and materials that are easily obtainable
and generally are found at any research laboratory. The pH adjustment by the addition of Na,COs3
and the consistent magnetic stirring are critical to the yield of the final product. However, it is
important to pay extra careful attention in all process steps, especially in the extraction stage
where no trace of starting material must be present to afford the formation of crystalline powder
and subsequently crystals. Thus, this extraction/purification stage can be monitored by either
NMR or IR spectroscopy to ensure the quality of the product.

To ensure the reproducibility of this protocol, NMR is an excellent tool. Even fine details are
visible in the spectrum. All signals are shown as insets in Figure 1. These insets depict clearly a
split, namely multiplicity, of all signals. For instance, the protons b (Jaip® ~ 0.75 Hz) show four
peaks at the crest of the signal, with a separation among them (Apeak-peak) queasy constant of ~
0.0075 ppm. The 0.0075 ppm may be transformed to energy using the following equation?!:

E = (Hmagnetometer)(Apeak—peak)
- 106

Equation 1

6
E(Hz) = (500x10 H?(0.0075ppm) — 0.75Hz
10° ppm




The transformation is recommended because the signals unfolding come from the dipolar spatial
interaction among the three hydrogens nuclei of the methyl group, and even though they are
further than the 4 single bonds with protons ¢ and a, they are able to perceive their dipolar
magnetic momentum interactions??. Additionally, the free sigma bonding rotation in the methyl
group allows the super hyperfine proton-proton interaction to be visible in the multiplicity of the
signal. The septuplets of protons a and c at 6.9 and 7.9 ppm, respectively are derived from the
same dipolar nature phenomenon. In these cases, protons a and c can differentiate the protons
in the methyl group for the same rotation dynamic. Last, as expected, the calculated Jqip for a, b,
and c have barely the same value, ~ 0.75 Hz. These quantities of the interactions confirm the
hydrogen nuclei spatial arrangement throughout the magnetic anisotropy.

On the other hand, the C,y symmetry of 1 makes equivalent carbons?3. The 13C spectrum, Figure
2, shows the typical signal for methyl groups attached to aromatic rings, carbons d at 18 ppm.
Moreover, a signal at 129 ppm is visible at this region due to the less electronegative element
influenced carbon a. At high frequencies the signal for the more exposed carbons nuclei to the
magnetic field are presented at 137 ppm?2.

The presented methodology is very useful for the synthesis of pyridine N-oxides, providing good
yields, in a reasonable time with soft reaction conditions and cheap and easy accessible reagents,
that do not require additional catalysts. These conditions can be used for the scientific and
educational community to obtain a broad range of pyridines N-oxides as precursors for other
molecules of interest. The suitable methodology gives the opportunity to acquire basic
experimental and conceptual tools in educational laboratories for students, proving a successful
synthesis of compounds and the happiness to see the formation of crystals. However, it is
important to emphasize that, like any chemical reaction, it is necessary to take all precautions
since generally the reagents used are dangerous.
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Name of material/Equipment Company Catalog number
3,5-lutidine Sigma-Aldrich L4206-500ML
Glacial acetic acid Fermont 3015
Hidrogen peroxide (35%) Sigma-Aldrich 349887-500ML
Na,CO; anhydrous Productos Quimicos Monterrey 1792
Na,SO, anhydrous Alfa reactivos 25051-C
CHCl, Fermont 6205
Ethyl eter Mercury Chemist QMEO0309

Distilled water

Comercializadora Quimica Poblana

not-existent
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ARTICLE AND VIDEO LICENSE AGREEMENT

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

9. 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 wuse, 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.

10. 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 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
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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.

11. 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 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
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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.

12. 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.

13. 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 required per submission.
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Syntheses, crystallization and spectroscopic characterization of 3,5-lutidine N-oxide dehydrate
Ref. JoVE57233R1

Dear Editor Bing Wu,

Thank you for your comments on our manuscript. We have considered fully your concerns and we
hope to have appropriately answered all them; this is a fully revised manuscript which we are
resubmitting to Journal of Visualized Experiments.

We have modified the manuscript accordingly, and detailed corrections are listed below point by
point.

1. There are still some protocol steps which are not in imperative tense. Please rewrite those
steps

In page 3

line 92

1.2 Cool the flask to 24 °C, after the reaction time, with ice to make it
manageable without exposure to the acetic acid gases, and plugged it to a high vacuum distillation
unit for 90 to 120 min to remove excess acetic acid. Caution, do not use hot material, wait until
the glassware reaches a manageable temperature, this will also avoid that the vapors up stream in
top of distillation unit.

Line 98
1.3 Add distilled water (10 mL) twice to ensure the removal of any trace of
acetic acid and to concentrate the mixture as far as possible.
Line 106
2.2 Place carefully, the solution in a separation funnel of 250 mL and wash it 5

times with 250 mL of CHCl; to improve the yield. Recover and dry over solid Na,SO, for 30
min maximum the organic phase, which containing the product. If necessary re-extract the
aqueous phase with the desired amount of CHCls.

Line 113

2.3 Remove the solvent under reduced pressure with a high vacuum
distillation unit, until the formation of a very hygroscopic clear beige crystalline powder
(70%).
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Line 121

... pour the filtrated out liquid into a glass Petri dish, leaving it to slow evaporation
at 4 °Cin a laboratory fridge.

Line 124

3.2 Ensure that, after two days, are obtained clear colorless crystals. Then
measure the melting point which has to be in the range of 310-311 K.

Line 129

4.1 Remove by decantation from the flask’s walls the crystals that are formed,
of prismatic shape and colorless, for further X-ray analysis. Keep them into diethyl ether to
avoid crystals hydration in case of not immediately use.



