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28 SUMMARY:
29  The preparation of SNS pincer cobalt(ll) model complexes of liver alcohol dehydrogenase is
30 presented here. The complexes can be prepared by reacting the ligand precursor with
31  CoCly'6H,0 and can then be recrystallized by allowing diethyl ether to slowly diffuse into an
32  acetonitrile solution that contains the cobalt complex.
33
34  ABSTRACT:
35 Chemical model complexes are prepared to represent the active site of an enzyme. In this
36  protocol, a family of tridentate pincer ligand precursors (each possessing two sulfur and one
37  nitrogen donor atom functionalities (SNS) and based on bis-imidazole or bis-triazole
38 compounds) are metallated with CoCl,-6H,0 to afford tridentate SNS pincer cobalt(ll)
39 complexes. Preparation of the cobalt(ll) model complexes for liver alcohol dehydrogenase is
40 facile. Based on a quick color change upon adding the CoCl,-6H,0 to acetonitrile solution that
41  contains the ligand precursor, the complex forms rapidly. Formation of the metal complex is
42  complete after allowing the solution to reflux overnight. These cobalt(ll) complexes serve as
43  models for the zinc active site in liver alcohol dehydrogenase (LADH). The complexes are
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characterized using single crystal X-ray diffraction, electrospray mass spectrometry, ultra-violet
visible spectroscopy, and elemental analysis. To accurately determine the structure of the
complex, its single crystal structure must be determined. Single crystals of the complexes that
are suitable for X-ray diffraction are then grown via slow vapor diffusion of diethyl ether into an
acetonitrile solution that contains the cobalt(ll) complex. For high quality crystals,
recrystallization typically takes place over a 1 week period, or longer. The method can be
applied to the preparation of other model coordination complexes and can be used in
undergraduate teaching laboratories. Finally, it is believed that others may find this
recrystallization method to obtain single crystals beneficial to their research.

INTRODUCTION:

The purpose of the presented method is to prepare small-molecule analogs of LADH to further
understand the catalytic activity of metalloenzymes. LADH is a dimeric enzyme that contains a
cofactor-binding domain and zinc(Il) metal-containing catalytic domain?. LADH, in the presence
of co-factor NADH, can reduce ketones and aldehydes to their respective alcohol derivatives?.
In the presence of NAD*, LADH can perform reverse catalysis of oxidation of alcohols to ketones
and aldehydes?. The crystal structure of LADH’s active site shows that its zinc(Il) metal center is
bound to one nitrogen atom, provided by a histidine side chain and two sulfur atoms and
offered by two cysteine ligands3. Further research has shown that the zinc metal center is
ligated with a labile water molecule, resulting in pseudo-tetrahedral geometry around the
metal center?.

We have previously reported and utilized SNS pincer ligand precursors as well as metallated the
ligand precursors with ZnCl, to form Zn(ll) complexes that contain the tridentate ligand
precursor>”’. These ligand precursors are shown in Figure 1. These zinc(Il) complexes exhibited
activity for the stoichiometric reduction of electron-poor aldehydes and are thus model
complexes for LADH. Subsequently, the synthesis and characterization of a series of copper(l)
and copper(ll) complexes that contain SNS ligand precursors have been reported®1°,

Although LADH is a zinc(ll) enzyme, we are interested in preparing cobalt(ll) model complexes
of LADH in order to obtain more spectroscopic information about the cobalt(ll) analogs of
LADH. The cobalt(Il) complexes are colored, whereas the zinc(ll) complexes are off-white. Since
the cobalt(ll) complexes are colored, ultraviolet visible spectra of the complexes can be
obtained, in which information about the strength of the ligand field in cobalt(ll) complexes can
also be gathered. By using information from Gaussian calculations and the experimentally
obtained ultra-violet visible spectra, information about the strength of the ligand field can be
deduced. Cobalt(ll) is a good substitute for zinc(ll), since both ions have similar ionic radii and
similar Lewis acidities'*2,

The presented method involves synthesizing and characterizing model complexes to attempt to
mimic the natural catalytic behavior of LADH>®. We have previously metallated a family of
ligand precursors with ZnCl; to form zinc(ll) model complexes of LADH, which modeled the
structure and reactivity of the zinc active site in LADH*. Through multiple experiments, these
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pincer ligands have proven to be robust under different environmental conditions and have
remained stable with a diverse collection of attached R-groups.>®

Tridentate ligands are preferable compared to monodentate ligands, because they have been
found to be more successful with metalation due to the strong chelate effects of tridentate
ligands. This observation is due to a more favored entropy of tridentate pincer ligand formation
in comparison to a monodentate ligand®3. Furthermore, tridentate pincer ligands are likely to
prevent dimerization of the metal complexes, which is favored because dimerization is likely to
slow catalytic activity of a complex*. Thus, using tridentate pincer ligands has been proven
successful in organometallic chemistry in the preparation of catalytic active and robust
complexes. SNS pincer complexes have been less studied than other pincer systems, as pincer
complexes usually contain second and third row transition metals®.

This research on metalloenzymes can help further the understanding of their enzymatic
activity, which can be applied to other areas in biology. This method of synthesizing model
complexes compared to the alternative method (synthesizing the entire protein of LADH) is
favorable for a number of reasons. The first advantage is that model complexes are low in
molecular mass and are still capable of accurately representing catalytic activity and
environmental conditions of the natural enzyme’s active site. Second, model complexes are
simpler to work with and produce reliable and relatable data.

This manuscript describes the synthetic preparation and characterization of two cobalt(Il)
pincer model complexes of LADH. Both complexes feature a pincer ligand that contains sulfur,
nitrogen, and sulfur donor atoms. The first complex (4) is based on an imidazole precursor, and
the second (5) is based on a triazole precursor. The complexes show reactivity for the
stoichiometry reduction of electron poor aldehydes in the presence of a hydrogen donor.
These reactivity results will be reported in a subsequent manuscript.

PROTOCOL:

1. Synthesis of chloro-(n3-S,S,N)-[2,6-bis(N-isopropyl-N’-methyleneimidazole-2-
thione)pyridine]cobalt(ll)tetrachlorocobaltate [4]

1.1. To prepare complex 1, add 0.121 g (3.12 x 10 mol) of 2,6-bis(N-isopropyl-N’-
methyleneimidazole-2-thione)pyridine (C19H25NsS2)® to 15 mL of acetonitrile in a 100 mL round
bottom flask. Next, to this solution, add 0.0851 g (3.58 x 10 mol) of cobalt chloride(ll)
hexahydrate (CoCl,-6H20). The reaction solution should change color from light yellow to
emerald green immediately after the cobalt(ll) chloride hexahydrate is added.

1.2.  Reflux and stir the reaction for 20 h to ensure complete reaction. Remove the solvent
using a rotovap under reduced pressure.

2. Recrystallization of chloro-(n3-S,S,N)-[2,6-bis(N-isopropyl-N’-methyleneimidazole-2-
thione)pyridine]cobalt(ll)tetrachlorocobaltate [4] by slow vapor diffusion
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2.1. Dissolve the solute in acetonitrile (7.5 mL) and place the solution evenly in 1 dram vials.
Fill each vial with 1.5 mL of acetonitrile solution.

2.1.1. Add cotton to cap the vials, which allows for slow vapor diffusion. Fit the cotton snugly
in the opening at the top of the vial.

2.1.2. Place the vials in a 240 mL jar containing 50 mL of diethyl ether. Close the jar with a cap.
2.1.3. Allow the crystals to grow over a period of 1 week.
NOTE: Recrystallization may take longer than 1 day.

3. Synthesis of chloro-(n3-S,5,N)-[2,6-bis(N-isopropyl-N’-methylenetriazole-2-
thione)pyridine]cobalt(ll)tetrachlorocobaltate [5]

3.1. To prepare complex 2, add 0.183 g (4.70 x 10 mol) of 2,6-bis(N-isopropyl-N’-
methylenetriazole-2-thione)pyridine (C17H23N7S;)® to 15 mL of acetonitrile in a 100 mL round
bottom flask. To this solution, add 0.223 g (9.37 x 10 mol) of cobalt chloride hexahydrate
(CoCly-6H;0). The reaction solution should change color from light yellow to royal blue
immediately after the cobalt(ll) chloride hexahydrate is added.

3.1.1. Reflux and stir the reaction for 20 h to ensure complete reaction. Remove the solvent
using a rotovap under reduced pressure.

4. Recrystallization of chloro-(n3-S,5,N)-[2,6-bis(N-isopropyl-N’-methylenetriazole-2-
thione)pyridine]cobalt(ll)tetrachlorocobaltate [2] by slow vapor diffusion

4.1. Dissolve the solute in acetonitrile (9.0 mL) and do place the solution evenly in 1 dram
vials. Fill each vial with 1.5 mL of acetonitrile solution.

4.1.1. Add cotton to cap the vials, which allows for slow vapor diffusion. Fit the cotton snugly
in the opening at the top of the vial.

4.1.2. Place the vials in a jar containing 50 mL of diethyl ether. Close the vial with a cap.
4.1.3. Allow the crystals to grow over a period of 1 week.

NOTE: Recrystallization may take longer than 1 day.

5. X-ray crystallography

5.1 Mount a crystal of 4 on a nylon loop. Collect the data on a Rigaku Oxford Diffraction
diffractometer. Here, X-ray diffraction data is collected at 173(2) K. Solve the crystal structure
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using Olex2'® and ShelXT! structure solution programs using direct methods. Refine the
structure with the ShelXL'8 refinement package using least squares minimization.

5.2 Mount a crystal of 5 on a nylon loop. Collect the X-ray diffraction data on a Rigaku
Oxford Diffraction diffractometer. Here, X-ray diffraction data is collected at 173(2) K. Solve the
crystal structure using Olex2'® and ShelXT 7 structure solution programs using direct methods.
Refine the structure with the ShelXL & refinement package using least squares minimization.

REPRESENTATIVE RESULTS:

Synthesis

The syntheses of complexes 4 and 5 were successfully carried out by reacting an acetonitrile
solution containing a bis-thione ligand precursor with cobalt (1) chloride hexahydrate (Figure
2). This reaction occurred at a reflux temperature in the presence of air. In general, complexes 4
and 5 were observed to be soluble in acetonitrile, dimethyl sulfoxide, dichloromethane, and
methanol. Complex 4 was green in color and complex 5 was blue in color. The percent yield for
complexes 4 and 5 was quantitative.

X-ray crystallography

Single crystals of complexes 4 and 5 were obtained via a slow vapor diffusion method, in which
the compounds were dissolved in acetonitrile, and diethyl ether vapor was allowed to slowly
diffuse into each solution. This recrystallization method is an excellent way to grow single
crystals for hard-to-crystallize samples. Table 1 shows refinement data for the two complexes,
and the single crystal structures are shown in Figure 3 and Figure 4. Based on the single crystal
structures, each unit cell contains two cobalt(ll) SNS pincer cations and one [CoCls]?> counter-
anion. The oxidation state of the cobalt ion in the cation and anion is Co?*. The crystal
structures of complexes 4 and 5 have been deposited in the Cambridge Structural Database
(deposition numbers 1946448 and 1946449).

Both complexes display pseudo-tetrahedral geometry about the cobalt(ll) metal center with
one nitrogen and two sulfur donor atoms coordinated to the metal center. Furthermore, both
complexes feature a tetrachloride counter-anion. The Co-N and Co-S bond lengths for
complexes 4 and 5 are nearly identical in value. The Co-N bond length is 2.084(3) A in 4 and
2.0763(16) A in 5. The Co-S bond lengths in 4 are 2.2927(12) A and 2.3386(11) A. Similarly, the
Co-S bond lengths in 5 are 2.3180(6) A and 2.3227(6) A. For complexes 4 and 5, the bond
lengths are similar to those previously reported?®. The Co-Cl bond lengths are 2.2256(13) A in 4
and 2.2116(6) A in 5.

The carbon-sulfur bond lengths of 1.710(4) A and 1.714(4) Ain 4 and 1.693(2) A and 1.698(2) A
in 5 are similar for the two complexes and between what is typically observed for C-S single

bonds (1.83 A) and C=S double bonds (1.61 A)2°.

As previously mentioned, complexes 4 and 5 both contain a tetrachloride counter-anion. The
counter-anion Co-Cl bond lengths for 4 are 2.2709(12) A, 2.2709(12) A, 2.2949(11) A and
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2.2950(11) A. These are comparable to those of complex 5, which are 2.2737(6) A, 2.2737(6) A,
2.2956(6) A, and 2.2956(6) A. The Co-N and Co-S bond lengths in 4 and 5 are in good agreement
with the Co-N(histidine) and Co-S(cysteine) bond lengths in the cobalt(ll)-substituted analog of
liver alcohol dehydrogenase. In this enzyme, the cobalt-N(histidine) bond length is 2.04 A, and
the cobalt-S(cysteine) bond lengths are 2.29 A and 2.33 A.2!

In complex 4, the N-Co-S bond angles are 108.77(10)° and 114.03(10)°, whereas in complex 5
they are 112.58(5)° and 114.15(5)°. The N-Co-S bond angles are close to each other, and any
differences may be due to the varying electronics of the two complexes. The N-Co-Cl bond
anglesin 4 and 5 are 107.91(10)° and 107.59(5)°, respectively. The S-Co-S angle was measured
as 99.79(5)° for 4 and 102.78(3)° for 5. Lastly, the S-Co-Cl bond angles for 4 are 117.98(5)° and
108.43(5)° and for 5 are 111.76(3)° and 107.93(3)".

The tau-4 parameter was also determined for complexes 4 and 5. The tau-4 parameter for
complex 4 is 0.907, and the tau-4 parameter for complex 5 is 0.945%2, Both tau-4 parameters
are more consistent with tetrahedral geometry about the cobalt center than square planar
geometry. The tau-4 parameter for a tetrahedral complex is equal to one, and the tau-4
parameter for a square planar complex is equal to zero.

Elemental analysis

To study the bulk purity of 4 and 5, the recrystallized complexes underwent elemental analyses.
The results are summarized in Table 2. The data here suggests that complexes 4 and 5 are pure,
because the calculated percentages of carbon, hydrogen, and nitrogen are in excellent
agreement with the found percentages of carbon, hydrogen, and nitrogen.

Electrospray mass spectrometry

The preparation of complexes 4 and 5 was also confirmed using electrospray mass
spectrometry. The electrospray mass spectra were collected using a direct flow injection. The
injection volume was 5 pL. The data was collected on an Agilent QTOF instrument in positive
and negative ion modes. The optimized conditions were as follows: capillary = 3000 kV, cone =
10V, source temperature = 120 °C. For complex 4, in positive ion mode, the molecular ion was
observed at m/z = 481.0631. In negative ion mode, the [CoCls] ion was observed at m/z
163.8433. For complex 5, in positive ion mode, the molecular ion was observed at m/z
483.0503. In negative ion mode, the [CoCls] ion was observed at m/z 163.8413.

Ultra-violet visible spectroscopy

Complexes 4 and 5 were analyzed using ultraviolet visible spectroscopy to gain further insight
on the electronic environment of the complexes. Complexes 4 and 5 were dissolved in
acetonitrile to form separate solutions. Complex 4 was 1.0 x 10 M in concentration and
complex 5 was 9.2 x 10* M in concentration. Complex 4 exhibited three peaks in the visible
region at 680 nm (¢ = 1300 Mtcm), 632 nm (¢ = 1100 M-1cm™), and 589 nm (¢ = 1200 Mtcm?).
Complex 5 exhibited four peaks in the visible region at 682 nm (¢ = 1300 M-cm), 613 nm (¢ =
850 M1cm), 588 nm (e = 790 Mcm™), and 573 nm (g = 820 Mlcm™).
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FIGURE AND TABLE LEGENDS:

Figure 1: SNS pincer ligand precursors previously utilized. Ligand precursors based on bis-
imidazole and bis-triazole moieties. (A) R = iPr, (B) R= neopentyl, (C) R = N-butyl.

Figure 2: Synthesis of complexes 4 and 5. Synthetic scheme to prepare complexes 4 and 5.
Figure 3: Solid-state structure of complex 4. Solid-state single crystal structure of complex 4.
Figure 4: Solid-state structure of complex 5. Solid-state single crystal structure of complex 5.

Figure 5: Ultra-violet visible spectrum of complex 4. Ultra-violet visible spectrum of complex 4
(1.0 x 10* M) in acetonitrile.

Figure 6: Ultra-violet visible spectrum of complex 5. Ultra-violet visible spectrum of complex 5
(9.15 x 10* M) in acetonitrile.

Table 1: Tabulated refinement data for complexes 4 and 5. X-ray refinement and collection
data for complexes 4 and 5.

Table 2: Elemental analysis results for complexes 4 and 5. Elemental analyses results for
percent carbon, hydrogen, and nitrogen for complexes 4 and 5.

DISCUSSION:

The preparation of complexes 4 and 5 is facile. The key step is to add the solid CoCl;-6H;0 to an
acetonitrile solution that contains the respective ligand precursor. The solution turns dark
green within seconds after the addition of CoCl,-6H,0 to form complex 4. The solution turns
bright blue after the addition of CoCl,-6H,0 to form complex 5. To ensure complete reaction,
the solution is placed on reflux overnight.

To grow single crystals of complexes 4 and 5, the acetonitrile solution that contains complexes
4 or 5 needs to be concentrated. The complexes must be dissolved in a minimal amount of
acetonitrile to produce the solutions that contain the complex as concentrated as possible.
Single crystals of 4 and 5 are grown by adding acetonitrile solution that contain complex 4 or 5
to 1 dram vials. These 1 dram vials that contain a solution of complex 4 or 5 are placed in a
closed jar that contained diethyl ether. To slow the rate at which diethyl ether diffuses into the
acetonitrile solution, a cotton ball is added to each 1 dram vial. The cotton ball must be very
snug to slow the rate of diffusion. The use of cotton to slow the diffusion of diethyl ether can be
utilized by others to grow single crystals for tough samples.

If the concentration of the metal complex in acetonitrile for the recrystallization is not strong
enough, single crystals will not form. The product after the recrystallization attempt may be an
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oily residue. Researchers need to ensure that the metal complex has a high enough
concentration for single crystals to form.

To the best of our knowledge, no other cobalt(ll) substituted model complexes of liver alcohol
dehydrogenase have been published in the literature. Future work will focus on comparing
experimentally obtained UV-visible spectra to the spectra predicted by Gaussian calculations to
determine the ligand field strength of pincer ligands. Current work in the Miecznikowski
laboratory is focusing on preparing cobalt substituted model complexes of liver alcohol
dehydrogenase that do not contain [CoCls]? as the counter-anion. These complexes are
currently being screened for the reduction of electron poor aldehydes and ketones.
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Table 1

a/°

B/°

v/°

Volume/A3

VA

pcalcg/cm3

u/mm-1

F(000)

Crystal size/mm3

Radiation

20 range for data collection/®
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2

Final R indexes [I>=20 (1)]
Final R indexes [all data]
Largest diff. peak/hole / e A-3
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4
90
97.2252(19)
90
5462.6(2)
4
1.516
11.526
2556
0.24 x 0.22 x 0.06
CuKa (A =1.54184)
7.39t0142.76
-26<h<29,-8<k<8§,-39<1<31
10233
5235 [Rint = 0.0565, Rsigma = 0.0739]
5235/0/312
0.978
R1=0.0529, wR2 =0.1246
R1=0.0758, wR2 =0.1361
0.99/-0.55
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5
90
90.770(2)
90
4852.0(2)
4
1.6
1.56
2380
0.28 x 0.08 x 0.06
MoKa (A = 0.71073)

6.596 to 65.254
27<h<28,-17<k<13,-33<1<32
21514
8079 [Rint = 0.0262, Rsigma = 0.0315]
8079/0/289
1.035
R1 =0.0398, wR2 = 0.0845
R1=0.0610, wR2 = 0.0964
0.59/-0.46
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Complex Calc. % C Found % C
1, [C35H50Cl,Co,N(S,4]1[CoCl,]#2[CH5CN] 40.46 40.26
2, [C54H46Cl,Co,N,,S,]1[CoCl,][CH;CN] 35.75 36.20

*
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Calc. % H Found % H Calc. % N Found % N
4,53 4.39 13.48 13.17
4.08 4.20 17.37 17.40
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Name of Material/ Equipment Company Catalog Number
100 mL Round Bottomed Flask [Chem Glass CG150691
Acetonitrile Fisher HB9823-4
Chiller for roto-vap Lauda LO00638
Cobalt Chloride hexahydrate Acros Organics AC423571000
Diethyl Ether Fisher E-138-1
graduated cylinder Fisher S63456
hotplate Fisher 11-100-49SH
jars Fisher 05-719-481
Ligand e e
medium cotton balls Fisher 22-456-80
one dram vials Fisher 03-339
pipet Fisher 13-678-20B
pipet bulbs Fisher 03-448-21
recrystallizing dish for sand bath |Fisher 08-741D
reflux condensor Chem Glass CG-1218-A-22
Rotovap Heidolph Collegiate [36000090
sea sand for sandbath Acros Organics 612355000
Stir bar Fisher 07-910-23
Vacum grease Fisher 14-635-5D
vacuum pump for rotovap Heidolph Collegiate 36302830
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Comments/Description

100mL Single Neck Round Bottomed Flask, 19/22 Outer Joint

HPLC Grade

Alpha RA 8

Acros Organics

Diethyl Ether Anhydorus

25 mL graduated cylinder

Isotemp Basic Stirring Hotplate

250 mL jars

Synthezied previously by Professor Miecznikowski

medium cotton balls

one dram vials with TFE Lined Cap

5.75 inch pipets

Fisher Brand Latex Bulb for pipet

325 mL recrystallizing dish for sand bath

Condenser with 19/22 inner joint

Brinkmann; Heidolph Collegiate Rotary Evaporator with Heidolph WB

eco bath Heidolph Rotary Evaporator

washed sea sand for sand bath

Egg-Shaped Magnetic Stir Bar

Dow Corning High Vacuum Grease

Heidolph Rotovac Valve Control
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Fairfield

7/ UNIVERSITY

College of Arts and Sciences
Department of Chemistry & Biochemistry

October 26, 2019

Dr. Bing Wu
Review Editor
Journal of Visualized Experiments

Dear Dr. Wu,

Thank you for sending the editorial comments on October 26, 2019. | have revised the
manuscript and | am including the revised manuscript and tables with the submission.

The co-authors and | thank the editorial staff for their thorough and helpful comments. The
following sections will include my response to the editorial comments.

Editorial Comments

We have proofread the manuscript and made edits to the text to correct the spelling and
grammatical errors. We have rewritten the protocol section in the imperative tense. A short
description of each figure in the figure legend was already present in the manuscript. We
ensured that superscripted reference numbers were added before a comma for in-text
references. We sorted the table of materials in alphabetical order.

Thank you for considering our manuscript for possible inclusion in the Journal of Visualized
Experiments. We look forward to hearing from you regarding our revised submission.

Sincerely yours,

Do, KNtz

John R. Miecznikowski, Ph.D.
Associate Professor of Chemistry

1073 North Benson Road  Fairfield, CT 06824-5195 Tel: (203) 254-4000, ext. 2251 Fax: (203) 254-4034 www.fairfield.edu
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ltem 1: The Author e%ects f‘ ﬁave the Materials be made avallable (as described at

http://www.jove.com/publish) via:
E'Standard Access

ftem 2: Please select one of the following items:

D Open Access

grhe Author is NOT a United States government employee.

DThe 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.

DThe 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
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 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

of the Article, and in which the Author may or may not
appear.

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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i bus


https://www.editorialmanager.com/jove/download.aspx?id=1130956&guid=5b09e216-d114-4a94-b167-a59d3c703770&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1130956&guid=5b09e216-d114-4a94-b167-a59d3c703770&scheme=1

®
D ve 1 Alevala Center #200
Cambridge, MA 02140
l tal. 617,945 9051
VISUALIZED WwWivw.jove com

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.

9. 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. JOoVE 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

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 of 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
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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. Faxthe documentto +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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