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ABSTRACT

It has previously been found a potent 2,3,4-oxazolidine series which was
synthetized using the amino acid D-serine as the starting material. These compounds were
assayed against cancer cell lines (HL60, JURKAT, LNCaP, MDA-MB-231, MCF-7,
HCT-116) and their structure—activity relationship were investigated. The purpose of this
work was to synthetize through seven steps, characterize and evaluate four 2,3,4-
oxazolidines analogues against DAQY, SK-N-BE(2) and RD-ES pediatric cell lines.
Compounds 5a and 5b designed by the extension of the structure of 1 were the most
potent, being active against all cell lines (ICso <7 uM) and reduced > 90% of cell viability
at 25 uM for RD-ES and SK-N-BE(2). These derivatives were identified as novel

anticancer agents including the novel direction towards pediatric cancer cells.
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1. Introduction

Cancer is defined by the World Health Organization (WHO) as a group of diseases in
which the principal characteristics are the growth of abnormal cells and the possibility of
infiltration in adjacent tissues leading to metastasis [1]. Neoplasias consist in one of the
most important cause of worldwide mortality, depending on the degree of economic
development, life style and social factors [2]. In 2018, the International Agency for
Research on Cancer (IARC) estimated 18.1 million new cancer cases and 9.6 million
deaths [3]. The National Institute of Health (NIH), a part of the U.S. Department of Health
and Human Services, estimated 10.590 new cases of morbidity in children with 0 to 14
years old and 1.180 probable death from this disease [4]. The most frequent causes in this
age range are leukemia, lymphomas, brain and other central nervous system (CNS)

tumors [4].

The cancer treatment is performed through chemotherapy, surgery, radiation therapy,
immunotherapy, hormone therapy and steam cell transplant. The chemotherapy agents
commonly used in pediatric cancer as medulloblastoma, neuroblastoma and Ewing
Sarcoma are lomustine, vincristine, cisplatin, cyclophosphamide, doxorubicin, etoposide,
carboplatin and ifosfamide [5,6,7]. However, factors such as low therapeutic index and

severe side effects are still important challenges to be overcome.

During an in vitro screening to identify hit compounds, a series of molecules from a
chemical library were tested at 50 pM in tumor cell lines and those that decrease
antiproliferative activity in values greater than 50% were considered promising hits to
identify ICso values (the half maximal inhibitory concentration). Four 2,3,4-substituted
chiral oxazolidines varying the substituent at the ring or stereochemistry showed
cytotoxicity against Jurkat and HL60 cells [8].

In a previously structure-activity relationship showed that the presence of hydrophobic
and electron withdrawing group NO2 or COOCHs is important for the activity (Fig. 1).
On the other hand, the presence of hydrophilic and electron withdrawing or hydrophobic
and electron donor COOH e OMe, respectively, results in decreased activity. Besides, the
stereochemistry S is essential for the activity and para-substituted compounds, generally,
increased the selectivity index when compared meta-substituted compounds [9]. In this
study, compound 1 (Fig. 1) showed activity against HL60 (human promyelocytic



leukemia cells), MDA-MB-231 (human adenocarcinoma mammary gland) and relevant

selectivity index [9].
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Fig. 1. Structure of 2,3,4-substituted oxazolidines

Introduction of an oxymethylene spacer or rigidification of the structure between benzene
and oxazolidine ring influenced in activity of this class. In general, comparing compounds
3 and 4 with lead 1, those were more active against LNCaP (prostate adenocarcinoma
cells), HL60, JURKAT and MDA-MB-231 (breast carcinoma cells). Due to the difficulty
of obtaining the alkenes and with similar 1Cso values to 1 and 2, the analogues using the
oxymethylene spacer was chosen in the following studies (Fig 2) [10,11].
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Fig. 2. Oxazolidines by modification of the spacer.

Among other replacements, it was observed that carbamate, oxazolidine ring and bulky
group like N,O-terminal methyl group improve the cytotoxic activity. Finally, the
extension of the structure with a second ring within an appropriate spacer in 4-position in
first ring lead to low ICso values (7-21 pM in HL60 and 5-22 uM in JURKAT). These
values suggest that the insertion of a bulky group in that region of the molecule may

increase the interaction with a hydrophobic pocket of a bioreceptor [11].

In a preliminary study for mechanism of action identification, it was observed about 90%
and 80% of DNA fragmentation in HL60 cells after treatment with compounds 1 and 5a
at 50 uM, respectively. Besides, the compound 5a showed about 50% DNA
fragmentation on JURKAT cells [11]. Therefore, based on cytotoxic and DNA
fragmentations results of compound 1 and analogue 5a, the purpose of this work was to
synthesize new derivatives as 5b (Fig. 3), 6a and 6b (Fig. 4) in order to investigate
relevant structure characteristics to activity of this class. Besides, this new series was

evaluated against pediatric cancer cells — DAOY (medulloblastoma), SK-N-BE2
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(neuroblastoma) and RD-ES (Ewing Sarcoma) — due to the clinical relevance of this type

of disease.

N
O/M j(
N 5a-R1=CH3
0

o /©/O\/\/ 5b-R, =ClI
N
/©)LH
Ri

Series 5

Fig. 3. Series 5 obtained by extension of the structure of lead 1.
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Fig. 4. Series 6 obtained by extension of the structure of 6a.



2. Results and discussion
2.1 Chemistry

The Fig. 5 demonstrates the strategy of synthesis to prepare final compounds 5a-b and

6a-b from commercially D-serine.
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Fig. 5. Preparation of compounds 5a-b and 6a-b. Reagents and conditions: a) Boc:0,
NaOH, t-BuOH/H20 (1:1), 0°C —r. t., 13 h; b) CHal, K2COz, DMF, r. t., 1.5 h; c) DMP,
BFs.OEt,, acetone, r. t., 2.5 h; d) NaBHs, THF/MeOH (7:3), 0 °C, 1 h; e) p-substituted
phenol, PPhs, DIAD, toluene, 80 °C, 3 h; f) 1) Hz, Pd-C, anhydrous THF, r. t. or SnCly,
EtOH absolute, 70 °C, 30 min. or hydrazine, Pd-C, isopropanol, r. t., 10 min.; Q)
Appropriate benzoic acid, EDC, DMAP, THF, r. t., 3 h.

First, the D-serine amino acid 7 was protected by treatment with di-tert-butyl dicarbonate

in presence of NaOH in t-BuOH/water mixture to give compound 8 with 78% yield. After,
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the acid group 8 was converted into methyl ester by treatment with methyl iodide and
potassium carbonate in DMF to give 9 in 64% yield. With 9 in hand, we proceeded to the
formation of oxazolidine ring by treatment with 2,2-dimethoxypropane in presence of
BF3.Et2O affording acetonide 10 (83% yield). This intermediate was reduced to alcohol
11 using NaBH4 with 58% yield. Compounds 1 and 6a were obtained using Mitsunobu
conditions [12] with 70% and 75% vyield, respectively. A mechanism propose of
Mitsunobu reaction is illustrated in Fig. 6. First, triphenylphosphine reacts with DIAD
(diisopropyl azodicarboxylate) by conjugated addition to generate a phosphonium
intermediate. Next, the appropriate phenol was deprotonated by DIAD intermediate to
give phenoxide ion and the phosphonium ion I. The nucleophilic attack by alcohol 11
upon phosphonium | affords intermediate 11 and finally, the nucleophilic attack by
phenoxide ion upon intermediate Il gives the desired product 1 or 6a and

triphenylphosphine oxide.
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Fig. 6. Proposed mechanism for Mitsunobu reaction.

The intermediate 1 was reduced to 12 by catalytic hydrogenation in presence of Hz, Pd-C
and anhydrous THF. The synthesis was performed by zinc oxidation in presence of
sulfuric acid to give zinc sulfate and hydrogen gas, used to reduce nitro to amino group.
After, compounds 5a and 5b were obtained by coupling with 4-methylbenzoic acid and
4-chlorobenzoic with 20% and 32% vyield (two steps), respectively.

To synthetize 6a, 3-chloro-4-nitrophenol 16 was prepared in a two steps process: firstly,
a nitrosation reaction using 3-chlorophenol 14 and pyridine in mixture of sodium nitrite
and sulfuric acid afforded 15 with 20% yield [13]. At last, the oxidation of nitroso group
was carried out using hexacyanoferrate(I11) in a solution of sodium hydroxide in water to

give 16 with 70% vyield (Fig. 7) [14].
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Fig. 7. Preparation of reagent 16. Reagents and conditions: a) NaNO2, H2SOs, ice, 0 °C
— -10 °C then 9, pyridine, 30 min; b) 15, H,O, NaOH, K3[Fe(CN)e], r. t., 2 days.

Catalytic hydrogenation of 6a led to the formation of a subproduct due to chloro reduction
that possess virtually the same Rf. Better results were obtained using tin(Il) chloride in
ethanol [15] or hydrazine in the presence of Pd-C [16]. The compound 13 was obtained
in both conditions with 27% and 17%, respectively. However, in the last approach the

poor yield was due to degradation of oxazolidine ring.

2.2. Biological evaluation

2.2.1 Antiproliferative Activity

The antiproliferative activity of final compounds (5a-b and 6a-b) was assessed on three
human cancer cell lines, namely DAOY (medulloblastoma), SK-N-BE(2)
(neuroblastoma) and RD-ES (Ewing's Sarcoma). These compounds showed good potency
with ICsp values in some cases lower than 10 uM (Table 1), a value in which molecules
could be considered a potential drug candidate.

The 6a structure is similar to hit compound 1, which demonstrated activity and selectivity
against HL60 and Jurkat tumor cell lines. However, compound 6a was inactive against
SK-N-BE(2) and RD-ES at low concentrations (1-12.5 puM). It was observed that it began
to inhibit cell proliferation at > 25 uM (Fig. 10).

Compounds 5a and 5b were synthetized to check if the introduction of a second ring
enhanced the activity against these cell lines. These amides showed a similar activity for
3 cell lines, in which an increased in dose causes a greater cytotoxic effect. Comparing
the activity of methylphenylamide derivative 5a among the different cell lines, it was
observed that this compound was a little bit more potent against the RD-ES cell (ICso 4
M) when compared to DAOY and SK-N-BE(2) cells (ICso 5-7 uM), respectively (Fig.
8).
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Compound 6b with a second chloro group in the first ring at 3-position did not enhanced
the activity, indicating that the introduction of an electron withdrawing in this region is
unfavorable in this case (Fig. 11). This is a surprising result because in the previous study
we have observed that with the derivatives bearing only one aromatic ring the introduction
of an electron withdrawing group at meta-position have increased the potency. However,
in this case as the compound has a higher molecular weight the hydrophobicity of chlorine
group could enhance the log P and may reduce the cell uptake. Finally, remarkably, 5a
(Fig. 8) and 5b (Fig. 9) compounds reduced > 90% cell viability at 25 uM for RD-ES and

SK-N-BE(2) reinforcing the potential of them to be used as novel anti-cancer agents.

Table 1
Antiproliferative activity of series 5a-b and 6a-b against cancer cells.
ICs0 (UM)*

Compound RD-ES SK-N-BE(2) DAOY
5a 4 (3t06) 7(5t09) 5B1t09)
5b 5(2t09) 6 (3to 11) 5 (410 6)
6a >25 >25 >25
6b 11 (5 to 25) 7 (3to 15) 13 (6 to 28)

aHalf maximal inhibitory concentration (1Cso) represents the concentration of drug able to inhibit by 50%

the in vitro growth.
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Fig. 8. Cell viability on the DAOY, RD-ES and SK-N-BE2 tumor cells lines after
treatment with 5a for 48 hours. Each data represents mean + standard error of the mean

(SEM) of at least three independent experiments. ** P < 0.01; **** P < (0.0001.

150- 5b

3 Daoy
@@ RD-ES
@8 SK-N-BE(2)

-
b=4
<

ok
*kkk *kkk

50 - Fokkk

Cell Viability (%)
Relative to control

f‘,s '\q'q
Dose (uM)
Fig. 9. Cell viability on the DAQOY, RD-ES and SK-N-BE2 tumor cells lines after

treatment with 5b for 48 hours. Each data represents mean + standard error of the mean

(SEM) of at least three independent experiments. ** P < 0.01; **** P < 0.0001
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Fig. 10. Cell viability on the DAOY, RD-ES and SK-N-BE2 tumor cells lines after
treatment with 6a for 48 hours. Each data represents mean + standard error of the mean
(SEM) of at least three independent experiments. *** P < 0.001
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Fig. 11. Cell viability on the DAOY, RD-ES and SK-N-BE2 tumor cells lines after
treatment with 6b for 48 hours. Each data represents mean = standard error of the mean
(SEM) of at least three independent experiments. ** P < 0.01; *** P < 0.001; **** P <
0.0001
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3. Conclusion

In this work, four final 2,3,4-substituted-oxazolidines analogues were synthesized by
seven steps and cell viability on three cell lines was evaluated. The introduction of chloro
group at hit compound 1 to give 6a did not show active against SK-N-BE(2) and RD-ES
at low concentrations, being active at > 25 uM. Compounds 5a and 5b designed by the
extension of the structure with a second ring bearing a methyl or chloro group at 4-
position, respectively, enhanced the activity for all cell lines (ICso <7 uM) and reduced
about > 90% of cell viability at 25 uM for RD-ES and SK-N-BE(2). Compound 6b within
chloro group in the first ring was less active than 5a and 5b. Thus, this work reinforces
the potential of 2,3,4-substituted-oxazolidines to be considered as novel anticancer agents

including the novel direction towards pediatric cancer cells.
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4. Experimental section
4.1.1 General

'H and 3C NMR spectra were recorded with Bruker Ascend 400 MHz spectrometer in
CDClIz or DMSO-de solution. The proton and carbon chemical shifts (d) were referenced
with tetramethylsilane (TMS) and the coupling constants (J) are given in hertz (Hz). THF
and toluene were dried over Na/benzophenone and distilled prior to use. The solvents
used in silica gel column chromatography and flash silica gel column chromatography
were previously distilled. Column chromatography was performed on silica gel Fluka
(Sigma-Aldrich) 0.035-0.070 mm. Flash column chromatography was performed on
silica gel silica gel Fluka (Sigma-Aldrich) 0.040-0.063 mm.

4.1.2 Synthesis of N-[(1,1-dimethyletoxy)carbonyl]-D-serine 8

0
LA
HO_ _~_ _OH
m/\/

O 8
To a solution of D-serine 7 (1.0 g, 9.52 mmol) and NaOH (0.42 g, 10.5 mmol) in a mixture
of H2O/t-BuOH 1:1 (44 mL) di-tert-butyl dicarbonate (2.29 g, 10.48 mmol) was added at
0 °C. After stirring for 1 h, the mixture was heated to room temperature. The resulting
suspension was concentrated under reduced pressure to 1/3 of the initial volume and
resuspended in water (22 mL). The aqueous layer was washed with hexane (3 x 20 mL)
and carefully acidified with HCI1 0.5 M (15 mL) to pH 2. The aqueous layer was extracted
with EtOAc (4 x 30 mL), the organic layers were combined and washed with water (30
mL), dried over Na>SOg, filtered and concentrated to give 8 as a transparent oil (1.52 g,
78% vyield). The product was used in the next step without previous purification.
CgH15NOs; 205 g/mol. The NMR spectroscopy data are identical to previously reported

[9].

4.1.3 Synthesis of N-[(1,1-dimethyletoxy)carbonyl]-D-serine methyl ester 9
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To a suspension of 8 (0.76 g, 3.71 mmol) and potassium carbonate (0.56 g, 4.07 mmol)
in anhydrous DMF (4 mL), iodomethane (0.48 mL, 7.78 mmol) was added. The mixture
was stirred at room temperature for 1.5 h then washed with water (10 mL) and EtOAc (4
x 10 mL). The organic layers were extracted with saturated solution of NaCl (2 x 20 mL),
dried over NaxSOs, filtered and concentrated. Compound 9 was isolated as a transparent
oil (0.52 g, 64% vyield), then was used in the next step without previous purification.
C9H17NOs; 219 g/mol. The NMR spectroscopy data are identical to previously reported

[9].

4.1.4 Synthesis of 1,1-dimethylethyl 4-methyl (R)- 2,2-dimethyl-3,4-oxazolidine-
dicarboxylate 10

Xojg%

H3CO\”/\/

O 10

To a solution of 9 (0.5 g, 2.28 mmol) and 2,2-dimethoxypropane (4.2 mL, 34.2 mmol) in
acetone (5.83 mL), BFs.Et,O (0.112 mL, 0.915 mmol) was added. The mixture was
stirred at room temperature for 2.5 h, then triethylamine was added (0.057 mL). The result
solution was concentrated under reduced pressure and resuspended in saturated solution
of NaHCO3 (10 mL). The aqueous layer was extracted with diethyl ether (4 x 10 mL).
The organic layers were combined, washed with water (10 mL), dried over Na>SOs,
filtered and concentrated. The residue was purified by silica gel column chromatography
(hexane/EtOAcCc 9:1) and isolated as a transparent oil (0.49 g, 83% yield). C12H21NOs; 259
g/mol. The NMR spectroscopy data are identical to previously reported. [9].

4.1.5 Synthesis of 1,1-Dimethylethyl (S)-4-(hydroxymethyl)-2,2-dimethyl-3-

oxazolidinecarboxylate 11

NS
0 NJ(
HOWO
1
To a mixture of 10 (0.44 g, 1.7 mmol) in anhydrous THF (3 mL), NaBH4 (0.64 g, 17
mmol) was added. The solution was stirred at 0 °C for 25 min., then MeOH (1.2 mL) was

added dropwise. After gas release, the mixture was stirred under reflux for 40 min. and
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the solvent was evaporated. The residue was resuspended in EtOAc (20 mL), washed with
water (2 x 10 mL), dried over Na>SOyg, filtered and concentrated to give a transparent oil
(0.23 g, 58% yield). The product was used in the next step without previous purification.
C11H21NOg4; 231 g/mol. The NMR spectroscopy data are identical to previously reported

[9].

4.1.6 Synthesis of 1,1-Dimethylethyl (S)-2,2-Dimethyl-4-[(4-nitrophenoxy)methyl]-

3-oxazolidinecarboxylate 1
NG
oK
o _~°
IS
O,N 1

To a mixture of 11 (0.4 g, 1.73 mmol), 4-nitrophenol (0.36 g, 2.60 mmol) and PPh3 (0.73
g, 2.77 mmol) in anhydrous toluene (20 mL), DIAD (0.8 mL, 3.96 mmol) was added. The
resulting solution was stirred at 80 °C for 3 h, then EtOAc (80 mL) and 0,5 M NaOH (80
mL) was added. The organic layer was washed with water (2 x 80 mL), dried over
Na>SO0s, filtered, and the solvent was removed using a rotavapor. The crude product was
purified by silica gel column chromatography (hexane/EtOAc 9:1) to afford a yellow oil
(0.43 g, 71% vyield). C17H24N20s; 352 g/mol. The NMR spectroscopy data are identical

to previously reported [9].

4.1.7 Synthesis of 1,1-Dimethylethyl (S)-2,2-Dimethyl-4-[(4-aminophenoxy)methyl]-

3-oxazolidinecarboxylate 12

Sy

)

o
HoN 12

The synthesis of amine 12 was performed at room temperature in two flasks. Firstly, to
asolution of 1 (0.05 g) in anhydrous THF (1mL) was added Pd-C 10% w/w (0,01 g, 0.094
mmol). Simultaneously, in other flask metallic zinc (1 g, 15.29 mmol), 0.1 M CuSO4
(0.26 mL) and 3 M H2SO4 (5 mL) was added dropwise. The both systems were connected
by a cannula. The solution of 12 was filtered, washed with THF (3 mL) and the resulting

solution was used without further purification in the next step. C17H26N204; 322 g/mol.
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4.1.8 Synthesis of 1,1-Dimethylethyl (S)-2,2-dimethyl-4-[[4-(4-
methylbenzoylamino)phenoxy]methyl]-3-oxazolidinecarboxylate 5a

xoiwj(

o =
N
jon
H3C 5a

To a stirred suspension of 4-methylbenzoic acid (0.04 g, 0.249 mmol) in THF (3 mL)
were added EDC (0.05g, 0.311 mmol) and DMAP (2.1 mg, 0.017 mmol) at room
temperature. After 10 min., the solution of amine 12 was added and the mixture was
stirred for 3 h, then EtOAc (20 mL) was added. The organic layer was washed with 0.5
M HCI (10 mL), followed by solution of 10% (w/v) NaHCO3 (10 mL), water (2 x 10 mL),
dried over Na>SOyg, filtered and concentrated. The product was isolated as a white solid
by flash silica gel column chromatography (hexane/EtOAc 8:2) (13 mg, 20% yield).
CasH32N20s; 440 g/mol. The NMR spectroscopy data are identical to previously reported
[11].

4.1.9 Synthesis of 1,1-Dimethylethyl (S)-2,2-dimethyl-4-[[4-(4-
chlorobenzoylamino)phenoxy]methyl]-3-oxazolidinecarboxylate 5b

xojwj(

O
O Q/
N
@AH
Cl 5b

To astirred suspension of 4-chlorobenzoic acid (0.04 g, 0.249 mmol) in THF (3 mL) were
added EDC (0.05 g, 0.311 mmol) and DMAP (2.1 mg, 0.017 mmol) at room temperature.
After 10 min., the amine solution of 12 was added and the mixture was stirred for 3 h,
then EtOAc (20 mL) was added. The organic phase was washed with 0.5 M HCI (10 mL),
followed by 10% (w/v) NaHCO3 (10 mL), water (2 x 10 mL), dried over Na>SQg, filtered
and concentrated. The product was isolated as a white solid by flash silica gel column
chromatography (hexane/EtOAc 8:2) (21 mg, 32% yield). C24H29CIN20s; 460.95 g/mol.

\N
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'H NMR (400 MHz, CDCls) & (ppm): 7.81 (d, 2H, J= 8.1 Hz), 7.53 (m, 2H,), 7.45 (d,
2H, J=7.6 Hz), 6.95 (d, 2H, J = 7.6 Hz), 4.29-3.83 (m, 5H), 1.65-1.51 (s, 15H). 13C NMR
(100 MHz, CDCI3) 6 (ppm) major rotamer: 164.63, 155.72, 152.38, 138.03, 133.39,
131.49, 128.48, 122.26, 115.02, 93.60, 80.64, 66.37, 65.21, 56.09, 28.43, 27.55, 24.32.

4.2.0 Synthesis of 3-chloro-4-nitrosophenol 15
OH

Cl
NO

15

To a solution of sodium nitrite (3.28 g, 0.047 mol) in H2SO4 (32.8 mL, 0.614 mol) at 0
°C, ice (15.27 g, 0.85 mol) was added without stirring. After dissolution, the mixture was
cooled to -10 °C and a solution of 3-chlorophenol 14 (2.5 mL, 0.024 mol) in pyridine (17
mL, 0.211 mol) was slowly added under stirring for 30 min. The reaction was stopped
after 5 min., then poured in water (320 mL). The crude product was purified by
crystallization as follows. Firstly, MeOH (23 mL) was added under reflux at 60 °C, then
after complete solubilization, water (23 mL) was added. Next, charcoal was added and
the hot mixture was filtered. The filtrate was allowed to stand until product precipitation
was complete and finally it was filtered off to give a brown solid (0.71 g, 20% yield).
CesH4CINO2; 157.55 g/mol.

'H NMR (400 MHz, CDCls) § (ppm): 7.59 (s broad, 1H), 6.81 (s, 1H), 6.50 (dd, 1H, J=
10 Hz, J = 1.6 Hz).

4.2.1 Synthesis of 3-chloro-4-nitrophenol 16
OH

Cl
NO,
16

To a stirred solution of 15 (0.39 g, 2.50 mmol) and water (79 mL), NaOH (3.93 g, 0.098
mol) was added. After complete solubilization, potassium hexacyanoferrate(l1l) (3.93 g,
0.012 mol) was added. The mixture was stirred for 2 days at room temperature, then
AcOH (11 mL) and EtOAc (3 x 75 mL) were added. The combined organic layers were
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washed with water (125 mL), dried over Na2SOs, filtered and concentrated. The product
was obtained as a brown solid (0.293 g, 68% yield). CéH4sCINO3; 173.55 g/mol.

'H NMR (400 MHz, CDCls3) & (ppm): 11.27 (s broad, 1H, OH), 8.03 (d, 1H, J= 6 Hz),
7.02 (d, 1H, J =4 Hz), 6.90 (dd, 1H, J=6, 4 Hz).

4.2.2 Synthesis of 1,1-Dimethylethyl (S)-2,2-Dimethyl-4-[(3-chloro-4-
nitrophenoxy)methyl]-3-oxazolidinecarboxylate 6a

>4 0
OJLNJ(
o_~P

O,N
Cl 6a

The synthesis of 6a was performed at 80 °C for 3 h from compound 11 (0.23 g, 0.98

mmol) using 16 (0.26 g, 1.47 mmol), PPhz (0.41 g, 1.57 mmol) in anhydrous toluene (10

mL), then DIAD (0,45 mL, 2.26 mmol) was added. The mixture was extracted with

EtOAc (40 mL) and 0.5 M NaOH (40 mL). The organic layer was washed with water (2

x 40 mL), dried over Na2SO4 and concentrated. The product 6a was purified by silica gel

column chromatography (hexane/EtOAc 9:1) and isolated as a yellow oil (0.24 g, 64%

yield). C17H23CIN2Os; 386 g/mol.

'H NMR (400 MHz, CDCl3) & (ppm): 8.01 (d, 1H, J = 8 Hz), 7.12-6.92 (m, 2H), 4.30-

3.94 (m, 5H), 1.67-1.52 (m, 15H).

423  Synthesis by  1,1-Dimethylethyl (S)-2,2-Dimethyl-4-[(3-chloro-4-
aminophenoxy)methyl]-3-oxazolidinecarboxylate 13

SR,
o AP

H,N
Cl 13
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Method A

A mixture of 6a (0.08 g, 0.21 mmol), Pd-C 10% (w/w) (0.01 g), hydrazine solution (0.147
mL) in isopropanol (1 mL) was stirred at 82 °C for 10 min. The resulting solution was
concentrated under vacuum and the product was purified by preparative TLC (thin-layer
chromatography) (hexane/EtOAc 8:2) and isolated as a brown oil (0.013 g, 17% vyield)
which was used in the next step immediately. C17H25CIN204; 356.84 g/mol.

Method B

A mixture of 6a (0.12 g, 0.31 mmol), tin(Il) chloride (0.295 g, 1.55 mol), in ethanol
absolute (2 mL) was stirred at 70 °C for 30 min. The resulting solution was poured in ice
(5 mL) and added NaHCO3 (10 mL) until basic pH, then EtOAc (3 x 15 mL) was added,
dried over Na>SOs and concentrated. The product was purified by silica gel column
chromatography (hexane/EtOAc 9:1) and isolated as brown oil (0.03 g, 27% yield) which
was used in the next step immediately. C17H25CIN2O4; 356.84 g/mol.

4.2.4 Synthesis of 1,1-Dimethylethyl (S)-2,2-dimethyl-4-[[4-(4-chlorobenzoylamino)-

3-chlorophenoxy]methyl]-3-oxazolidinecarboxylate 6b

xojwj(

L
Cl
6b

To a stirred suspension of 4-chlorobenzoic acid (10 mg, 0.062 mmol) in THF (2 mL)
EDC (0.014 g, 0.090 mmol) and DMAP (1 mg, 0.006 mmol) were added at room
temperature. After 10 min., the amine 13 (10 mg, 0.028 mmol) was added and the mixture
was stirred at 80 °C overnight. After, the same initially amount of 4-chlorobenzoic, EDC
and DMAP was added and the reaction was stirred at 100 °C for 3 h. The mixture was
extracted with EtOAc (3 x 10 mL), water (1 x 10 mL), dried over Na>SOg, filtered and
concentrated. The product was isolated by preparative TLC (hexane/EtOAc 95:5) then
silica gel column chromatography (EtOAc:MeOH 1:1) as a brown oil (5 mg, 35% yield).
C24H28CI2N20s; 495 g/mol.
'H NMR (400 MHz, CDCl3) & (ppm): 8.36 (d, 2H, J= 6.6 Hz), 8.18 (s, 1H, NH), 7.87 (d,
2H, J=6.6 Hz), 7.51 (d, 1H, J= 8.4 Hz), 7.06-6.94 (m, 2H), 4.3-3.7 (m, 7H), 1.65-1.53
(m, 15H).
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4.3 Cell lines

The RD-ES, SK-N-BE(2) and DAOY culture were prepared using the protocol previously
described by Dr. Rafael Roesler’s group (Universidade Federal do Rio Grande do Sul —
Brazil). RD-ES (ATCC®HTB-166") was cultivated in RPMI-1640 medium supplemented
with 100 U/mL penicillin, 100 pg/mL streptomycin and 0.25 pg/mL amphotericin B,
enriched with 15% of fetal bovine serum (FBS). SK-N-BE(2) (ATCC® CRL-2271™) was
mantained in Dulbecco’s Modified Eagle Medium (DMEM) supplemented with 100
U/mL penicillin, 100 pg/mL streptomycin and 0.25 pg/mL amphotericin B, enriched with
F12 (1:1) and 10% FBS. Daoy (ATCC®HTB-186"") was cultivated in DMEM supplemented
with 100 U/mL penicillin, 100 pg/mL streptomycin and 0.25 pg/mL amphotericin B,
enriched with 10% FBS.

4.3.1 Analysis of Cell Viability

DAOQY, RD-ES and SK-N-BE(2) were cultivated in 96 wells plate at 4,000, 8,000 and
10,000 cells/well, respectively, in a final volume of 0.34 cm?/well. The plates were pre-
incubated in a 5% CO2/95% air-humidified atmosphere at 37°C for 24 hours. All
compounds were dissolved in dimethyl sulfoxide (DMSO), prior to dilution. The plates
were treated with 5a-b and 6a-b and incubated in a 5% CO2/95% air-humidified
atmosphere at 37°C for 48 hours. A control with vehicle (DMSO) and other with cells
were prepared to evaluate cytotoxicity and possible interferences of the cell culture. Cell
viability count was estimated by hemocytometer with trypan blue and calculated in
relation to control (vehicle without treatment). All assays were done in triplicates. The

ICso values were obtained using GraphPad Prism 6.
4.3.2 Statistical analysis

All results were expressed in graphics as the mean + standard error of the mean (SEM)
of three independents experiments performed, at least, in triplicate. Cell viability in the
different dosages was compared in relation to control using Student’s t-test. Statistical
significance was determined as P < 0.05. The ICso values were obtained by nonlinear

regression using GraphPad Prism 6.
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previously (except in the form of an abstract, a published lecture or academic thesis,
see 'Multiple, redundant or concurrent publication' for more information), that it is
not under consideration for publication elsewhere, that its publication is approved by
all authors and tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it will not be published elsewhere in the same form,
in English or in any other language, including electronically without the written
consent of the copyrightholder. To verify originality, your article may be checked by
the originality detection service Crossref Similarity Check.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's
sharing policy. Sharing your preprints e.g. on a preprint server will not count as prior
publication (see 'Multiple, redundant or concurrent publication' for more information).

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive
to differences, and promotes equal opportunities. Articles should make no
assumptions about the beliefs or commitments of any reader, should contain nothing
which might imply that one individual is superior to another on the grounds of race,
sex, culture or any other characteristic, and should use inclusive language
throughout. Authors should ensure that writing is free from bias, for instance by
using 'he or she', 'his/her' instead of 'he' or 'his’, and by making use of job titles that
are free of stereotyping (e.g. 'chairperson’ instead of 'chairman' and 'flight attendant’
instead of 'stewardess').

Each author is required to declare his or her individual contribution to the article: all
authors must have materially participated in the research and/or article preparation,
so roles for all authors should be described. The statement that all authors have
approved the final article should be true and included in the disclosure.

Authors are expected to consider carefully the list and order of authors before
submitting their manuscript and provide the definitive list of authors at the time of
the original submission. Any addition, deletion or rearrangement of author names in
the authorship list should be made only before the manuscript has been accepted
and only if approved by the journal Editor. To request such a change, the Editor must
receive the following from the corresponding author: (a) the reason for the change
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in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal
of authors, this includes confirmation from the author being added or removed.
Only in exceptional circumstances will the Editor consider the addition, deletion or
rearrangement of authors after the manuscript has been accepted. While the Editor
considers the request, publication of the manuscript will be suspended. If the
manuscript has already been published in an online issue, any requests approved by
the Editor will result in a corrigendum.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels
your article is more suitable in one of our other participating journals, then you may
be asked to consider transferring the article to one of those. If you agree, your article
will be transferred automatically on your behalf with no need to reformat. Please note
that your article will be reviewed again by the new journal. More information.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing
Agreement' (see more information on this). An e-mail will be sent to the
corresponding author confirming receipt of the manuscript together with a 'Journal
Publishing Agreement' form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including
abstracts for internal circulation within their institutions. Permission of the Publisher
is required for resale or distribution outside the institution and for all other derivative
works, including compilations and translations. If excerpts from other copyrighted
works are included, the author(s) must obtain written permission from the copyright
owners and credit the source(s) in the article. Elsevier has preprinted forms for use
by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to
complete an 'Exclusive License Agreement' (more information). Permitted third party
reuse of gold open access articles is determined by the author's choice of user license.

Author rights

As an author you (or your employer or institution) have certain rights to reuse your
work. More information.

Elsevier supports responsible sharing

Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the
research and/or preparation of the article and to briefly describe the role of the
sponsor(s), if any, in study design; in the collection, analysis and interpretation of
data; in the writing of the report; and in the decision to submit the article for
publication. If the funding source(s) had no such involvement then this should be
stated.

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow
authors to comply with their funder's open access policies. Some funding bodies will
reimburse the author for the gold open access publication fee. Details of existing
agreements are available online.

This journal offers authors a choice in publishing their research:
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Subscription
o Articles are made available to subscribers as well as developing countries and
patient groups throughour universal access programs.
o No open access publication fee payable by authors.
o The Author is entitled to post the accepted manuscript in their institution's
repository and make this public after an embargo period (known as green Open
Access). The published journal article cannot be shared publicly, for example on
ResearchGate or Academia.edu, to ensure the sustainability of peerreviewed
research in journal publications. The embargo period for this journal can be found
below.

Gold open access
o Articles are freely available to both subscribers and the wider public with
permitted reuse.
o A gold open access publication fee is payable by authors or on their behalf,
e.g. by their researchfunder or institution.

Regardless of how you choose to publish your article, the journal will apply the same
peer review criteria and acceptance standards.

For gold open access articles, permitted third party (re)use is defined by the following
Creative Commons user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other
revised versions, adaptations or derivative works of or from an article (such as a
translation), include in a collective work (such as an anthology), text or data mine
the article, even for commercial purposes, as long as they credit the author(s), do
not represent the author as endorsing their adaptation of the article, and do not
modify the article in such a way as to damage the author's honor or reputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to
include in a collective work (such as an anthology), as long as they credit the
author(s) and provided they do not alter or modify the article.

The gold open access publication fee for this journal is USD 3250, excluding taxes.
Learn more about Elsevier's pricing policy:
https://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a
number of green open access options available. We recommend authors see our
green open access page for further information. Authors can also self-archive their
manuscripts immediately and enable public access from their institution's repository
after an embargo period. This is the version that has been accepted for publication
and which typically includes author-incorporated changes suggested during
submission, peer review and in editor-author communications. Embargo period: For
subscription articles, an appropriate amount of time is needed for journals to deliver
value to subscribing customers before an article becomes freely available to the
public. This is the embargo period and it begins from the date the article is formally
published online in its final and fully citable form. Find out more.

This journal has an embargo period of 24 months.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-
career researchers throughout their research journey. The "Learn" environment at
Researcher Academy offers several interactive modules, webinars, downloadable
guides and resources to guide you through the process of writing for research and
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going through peer review. Feel free to use these free resources to improve your
submission and navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not
a mixture of these). Authors who feel their English language manuscript may require
editing to eliminate possible grammatical or spelling errors and to conform to correct
scientific English may wish to use the English Language Editing service available from
Elsevier's WebShop.

Our online submission system guides you stepwise through the process of entering
your article details and uploading your files. The system converts your article files to
a single PDF file used in the peer-review process. Editable files (e.g., Word, LaTeX)
are required to typeset your article for final publication. All correspondence, including
notification of the Editor's decision and requests for revision, is sent by e-mail.

Referees

Please submit the names and institutional e-mail addresses of several potential
referees. For more details, visit our Support site. Note that the editor retains the sole
right to decide whether or not the suggested reviewers are used.

PREPARATION

Submission to this journal proceeds totally online and you will be guided stepwise
through the creation and uploading of your files. The system automatically converts
your files to a single PDF file, which is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your
manuscript as a single file to be used in the refereeing process. This can be a PDF
file or a Word document, in any format or layout that can be used by referees to
evaluate your manuscript. It should contain high enough quality figures for
refereeing. If you prefer to do so, you may still provide all or some of the source files
at the initial submission. Please note that individual figure files larger than 10 MB
must be uploaded separately.

References

There are no strict requirements on reference formatting at submission. References
can be in any style or format as long as the style is consistent. Where applicable,
author(s) name(s), journal title/ book title, chapter title/article title, year of
publication, volume number/book chapter and the article number or pagination must
be present. Use of DOI is highly encouraged. The reference style used by the journal
will be applied to the accepted article by Elsevier at the proof stage. Note that missing
data will be highlighted at proof stage for the author to correct.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the
essential elements needed to convey your manuscript, for example Abstract,
Keywords, Introduction, Materials and Methods, Results, Conclusions, Artwork and
Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should
be included in your initial submission for peer review purposes. Divide the article into
clearly defined sections.

Figures and tables embedded in text

Please ensure the figures and the tables included in the single file are placed next to
the relevant text in the manuscript, rather than at the bottom or the top of the file.
The corresponding caption should be placed directly below the figure or table.
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This journal operates a single blind review process. All contributions will be initially
assessed by the editor for suitability for the journal. Papers deemed suitable are then
typically sent to a minimum of two independent expert reviewers to assess the
scientific quality of the paper. The Editor is responsible for the final decision regarding
acceptance or rejection of articles. The Editor's decision is final. More information on
types of peer review.

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide
us with an editable file of the entire article. Keep the layout of the text as simple as
possible. Most formatting codes will be removed and replaced on processing the
article. The electronic text should be prepared in a way very similar to that of
conventional manuscripts (see also the Guide to Publishing with Elsevier). See also
the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and
'grammar-check' functions of your word processor.

o Title. Concise and informative. Titles are often used in information-retrieval
systems. Avoid abbreviations and formulae where possible.
o Author names and affiliations. Please clearly indicate the given name(s)

and family name(s) of each author and check that all names are accurately spelled.
You can add your name between parentheses in your own script behind the English
transliteration. Present the authors' affiliation addresses (where the actual work was
done) below the names. Indicate all affiliations with a lowercase superscript letter
immediately after the author's name and in front of the appropriate address. Provide
the full postal address of each affiliation, including the country name and, if available,
the e-mail address of each author.

o Corresponding author. Clearly indicate who will handle correspondence at
all stages of refereeing and publication, also post-publication. This responsibility
includes answering any future queries about Methodology and Materials. Ensure
that the e-mail address is given and that contact details are kept up to date
by the corresponding author.

° Present/permanent address. If an author has moved since the work
described in the article was done, or was visiting at the time, a 'Present address' (or
'Permanent address') may be indicated as a footnote to that author's name. The
address at which the author actually did the work must be retained as the main,
affiliation address. Superscript Arabic numerals are used for such footnotes.

Graphical abstract

A graphical abstract is mandatory for this journal. It should summarize the contents
of the article in a concise, pictorial form designed to capture the attention of a wide
readership online. Authors must provide images that clearly represent the work
described in the article. Graphical abstracts should be submitted as a separate file in
the online submission system. Image size: please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable
at a size of 5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file types:
TIFF, EPS, PDF or MS Office files. You can view Example Graphical Abstracts on our
information site.

Authors can make use of Elsevier's Illustration Services to ensure the best
presentation of their images also in accordance with all technical requirements.

Highlights
Highlights are mandatory for this journal. They consist of a short collection of bullet
points that convey the core findings of the article and should be submitted in a
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separate editable file in the online submission system. Please use 'Highlights' in the
file name and include 3 to 5 bullet points (maximum 85 characters, including spaces,
per bullet point). You can view example Highlights on our information site.

Immediately after the abstract, provide a maximum of 6 keywords, using American
spelling and avoiding general and plural terms and multiple concepts (avoid, for
example, 'and', 'of'). Be sparing with abbreviations: only abbreviations firmly
established in the field may be eligible. These keywords will be used for indexing
purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on
the first page of the article. Such abbreviations that are unavoidable in the abstract
must be defined at their first mention there, as well as in the footnote. Ensure
consistency of abbreviations throughout the article.

Analytical data should be included for examination by the editor and referees.
However, these data will not be printed if they agree within within £ 0.4 % with
calculated values, but may be noted as follows: ‘Anal. C14H15NO3 (C, H, N, O)’, with
the mentioning under Experimental protocols: ‘Analyses indicated by the symbols of
the elements or functions were within £ 0.4 % of the theoretical values’.

Organic compounds:

Sufficient experimental information should be given by the authors. In particular
“supplementary material for publication online” should be constructed for all papers
which should at least include representative 1H and 13C NMR spectra. Metal
complexes:

X-Ray crystal structural determinations are required for metal complexes.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the
references and do not, therefore, include them on the title page, as a footnote to the
title or otherwise. List here those individuals who provided help during the research
(e.g., providing language help, writing assistance or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's
requirements:

Funding: This work was supported by the National Institutes of Health [grant
numbers xxxx, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant
number zzzz]; and the United States Institutes of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants
and awards. When funding is from a block grant or other resources available to a
university, college, or other research institution, submit the name of the institute or
organization that provided the funding.

If no funding has been provided for the research, please include the following
sentence:

This research did not receive any specific grant from funding agencies in the pubilic,
commercial, or not-for-profit sectors.
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The author is responsible for providing the correct nomenclature which must be
consistent and unambiguous. The use of chemical names for drugs is preferred.

Math formulae

Please submit math equations as editable text and not as images. Present simple
formulae in line with normal text where possible and use the solidus (/) instead of a
horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to be
presented in italics. Powers of e are often more conveniently denoted by exp. Number
consecutively any equations that have to be displayed separately from the text (if
referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the
article. Many word processors build footnotes into the text, and this feature may be
used. Should this not be the case, indicate the position of footnotes in the text and
present the footnotes themselves separately at the end of the article.

Electronic artwork General points
o Make sure you use uniform lettering and sizing of your original artwork.
o Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol,
Courier.
o Number the illustrations according to their sequence in the text.
o Use a logical naming convention for your artwork files.
o Indicate per figure if it is a single, 1.5 or 2-column fitting image.
o For Word submissions only, you may still provide figures and their captions,
and tables within asingle file at the revision stage.
o Please note that individual figure files larger than 10 MB must be provided in
separate source files.A detailed guide on electronic artwork is available.
You are urged to visit this site; some excerpts from the detailed
information are given here. Formats
Regardless of the application used, when your electronic artwork is finalized, please
'save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given
below):
EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics’.
TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of
300 dpi.
TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.
TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a
minimum of 500 dpi is required.
Please do not:
. Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG);
the resolution is too low.
o Supply files that are too low in resolution.
o Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS
(or PDF), or MS Office files) and with the correct resolution. If, together with your
accepted article, you submit usable color figures then Elsevier will ensure, at no
additional charge, that these figures will appear in color online (e.g., ScienceDirect
and other sites) regardless of whether or not these illustrations are reproduced in
color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted
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article. Please indicate your preference for color: in print or online only. Further
information on the preparation of electronic artwork.

Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title
(not on the figure itself) and a description of the illustration. Keep text in the
illustrations themselves to a minimum but explain all symbols and abbreviations
used.

Text graphics

Text graphics may be embedded in the text at the appropriate position. If you are
working with LaTeX and have such features embedded in the text, these can be left.
See further under Electronic artwork.

Please submit tables as editable text and not as images. Tables can be placed either
next to the relevant text in the article, or on separate page(s) at the end. Number
tables consecutively in accordance with their appearance in the text and place any
table notes below the table body. Be sparing in the use of tables and ensure that the
data presented in them do not duplicate results described elsewhere in the article.
Please avoid using vertical rules and shading in table cells.

Citation in text

Please ensure that every reference cited in the text is also present in the reference
list (and vice versa). Any references cited in the abstract must be given in full.
Unpublished results and personal communications are not recommended in the
reference list, but may be mentioned in the text. If these references are included in
the reference list they should follow the standard reference style of the journal and
should include a substitution of the publication date with either 'Unpublished results'
or 'Personal communication'. Citation of a reference as 'in press' implies that the item
has been accepted for publication.

Web references

As a minimum, the full URL should be given and the date when the reference was
last accessed. Any further information, if known (DOI, author names, dates,
reference to a source publication, etc.), should also be given. Web references can be
listed separately (e.g., after the reference list) under a different heading if desired,
or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your
manuscript by citing them in your text and including a data reference in your
Reference List. Data references should include the following elements: author
name(s), dataset title, data repository, version (where available), year, and global
persistent identifier. Add [dataset] immediately before the reference so we can
properly identify it as a data reference. The [dataset] identifier will not appear in your
published article.

References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and
any citations in the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most
popular reference management software products. These include all products that
support Citation Style Language styles, such as Mendeley and Zotero, as well as
EndNote. Using the word processor plug-ins from these products, authors only need
to select the appropriate journal template when preparing their article, after which
citations and bibliographies will be automatically formatted in the journal's style. If
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no template is yet available for this journal, please follow the format of the sample
references and citations as shown in this Guide. If you use reference management
software, please ensure that you remove all field codes before submitting the
electronic manuscript. More information on how to remove field codes.

Users of Mendeley Desktop can easily install the reference style for this journal by
clicking the following link:
http://open.mendeley.com/use-citation-style/european-journal-of-medicinal-
chemistry

When preparing your manuscript, you will then be able to select this style using the
Mendeley plugins for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References
can be in any style or format as long as the style is consistent. Where applicable,
author(s) name(s), journal title/ book title, chapter title/article title, year of
publication, volume number/book chapter and the article number or pagination must
be present. Use of DOI is highly encouraged. The reference style used by the journal
will be applied to the accepted article by Elsevier at the proof stage. Note that missing
data will be highlighted at proof stage for the author to correct. If you do wish to
format the references yourself they should be arranged according to the following
examples:

Reference style
Text: Indicate references by number(s) in square brackets in line with the text. The
actual authors can be referred to, but the reference number(s) must always be given.
Example: '..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different
result ....' List: Number the references (numbers in square brackets) in the list in the
order in which they appear in the text.
Examples:
Reference to a journal publication:
[1]J. van der Geer, J.A.]. Hanraads, R.A. Lupton, The art of writing a scientific article,
J. Sci. Commun.
163 (2010) 51-59. https://doi.org/10.1016/j.5¢.2010.00372.
Reference to a journal publication with an article number:
[2]Van der Geer, J., Hanraads, J.A.]., Lupton, R.A., 2018. The art of writing a
scientific article. Heliyon.
19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.
Reference to a book:
[31W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New
York, 2000.
Reference to a chapter in an edited book:
[4]1G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article,
in: B.S. Jones, R.Z.Smith (Eds.), Introduction to the Electronic Age, E-Publishing
Inc., New York, 2009, pp. 281-304.
Reference to a website:
[5]Cancer Research UK, Cancer statistics reports for the UK.
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/,
2003 (accessed 13 March 2003).
Reference to a dataset:
[dataset] [6] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data for
Japanese oak wilt disease and surrounding forest compositions, Mendeley Data, v1,
2015. https://doi.org/10.17632/ xwj98nb39r.1.

Elsevier accepts video material and animation sequences to support and enhance
your scientific research. Authors who have video or animation files that they wish to
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submit with their article are strongly encouraged to include links to these within the
body of the article. This can be done in the same way as a figure or table by referring
to the video or animation content and noting in the body text where it should be
placed. All submitted files should be properly labeled so that they directly relate to
the video file's content. . In order to ensure that your video or animation material is
directly usable, please provide the file in one of our recommended file formats with
a preferred maximum size of 150 MB per file, 1 GB in total. Video and animation files
supplied will be published online in the electronic version of your article in Elsevier
Web products, including ScienceDirect. Please supply 'stills' with your files: you can
choose any frame from the video or animation or make a separate image. These will
be used instead of standard icons and will personalize the link to your video data.
For more detailed instructions please visit our video instruction pages. Note: since
video and animation cannot be embedded in the print version of the journal, please
provide text for both the electronic and the print version for the portions of the article
that refer to this content.

Include interactive data visualizations in your publication and let your readers interact
and engage more closely with your research. Follow the instructions here to find out
about available data visualization options and how to include them with your article.

Supplementary material such as applications, images and sound clips, can be
published with your article to enhance it. Submitted supplementary items are
published exactly as they are received (Excel or PowerPoint files will appear as such
online). Please submit your material together with the article and supply a concise,
descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide
an updated file. Do not annotate any corrections on a previous version. Please switch
off the 'Track Changes' option in Microsoft Office files as these will appear in the
published version.

This journal encourages and enables you to share data that supports your research
publication where appropriate, and enables you to interlink the data with your
published articles. Research data refers to the results of observations or
experimentation that validate research findings. To facilitate reproducibility and data
reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or
make a statement about the availability of your data when submitting your
manuscript. If you are sharing data in one of these ways, you are encouraged to cite
the data in your manuscript and reference list. Please refer to the "References"
section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the
research data page.

Data linking

If you have made your research data available in a data repository, you can link your
article directly to the dataset. Elsevier collaborates with a number of repositories to
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underlying data that gives them a better understanding of the research described.
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In addition, you can link to relevant data or entities through identifiers within the text
of your manuscript, using the following format: Database: xxxx (e.g., TAIR:
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Please note an open access fee of 500 USD is payable for publication in Data in Brief.
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write your Data in Brief.

MethodsX
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Data statement

To foster transparency, we encourage you to state the availability of your data in
your submission. This may be a requirement of your funding body or institution. If
your data is unavailable to access or unsuitable to post, you will have the opportunity
to indicate why during the submission process, for example by stating that the
research data is confidential. The statement will appear with your published article
on ScienceDirect. For more information, visit the Data Statement page.
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