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ARTICLE INFO ABSTRACT

Keywords: Novel lipophilic hydroxytyrosol N-alkylcarbamate conjugates were synthesized by coupling several alkyl iso-
Hydroxytyrosol cyanates of different chain lengths with the primary hydroxy group of this natural phenol. These N-alkylcar-
Carbamate group bamate conjugates were tested as antitrypanosomal and antileishmanial agents, and their cytotoxicity was
:iggf;a;z;?;al evaluated against the human MRC-5 and THP-1 cell lines. Five of these N-alkylcarbamate derivatives showed

submicromolar ICsy concentrations against Trypanosoma brucei brucei, with values ranging from 0.2 to 0.8 pM,
and three other hydroxytyrosol conjugates showed ICso values below 5 pM. Data for the five most active N-
alkylcarbamate derivatives indicate a gain in activity relative to hydroxytyrosol of between 115- and 460-fold,
and selectivity indices for control/human MRC-5 cells relative to T. b. brucei parasites of between 47- and 140-
fold. These N-alkylcarbamate derivatives were also tested against the intracellular amastigote form of Leishmania
donovani in infected THP-1 macrophages, where five compounds had ICso values less than or equal to 10 pM,
with selectivity indices relative to L. donovani of between 3- and 25-fold in MRC-5 cells and between 8- and 60-
fold in THP-1 cells. In all of these derivatives, the ortho-diphenolic groups were free. When the hydroxytyrosol
derivatives had ortho-diphenolic groups protected by benzyl groups, cytotoxicity against T. b. brucei and L.
donovani showed significantly higher ICsy values, with most cases exceeding 20 pM.

1. Introduction is caused by species such as Leishmania donovani and Leishmania infan-

tum [5,6]. Treatments for these neglected diseases have major limita-

Protozoan parasites cause infectious diseases that threaten millions
of lives in subtropical and tropical areas around the globe [1,2]. Human
African Trypanosomiasis (HAT), triggered by Trypanosoma brucei and
transmitted by the tsetse fly, is responsible for sleeping sickness, which
threatens 70 million people in sub-Saharan Africa and affects productive
livestock and domestic animal-based farming [3,4]. Trypanosoma brucei
brucei is a hemoflagellate subspecies of this parasitic protozoa that
causes nagana, a disease of African cattle, which is commonly used in
studies with these parasites, as they apparently do not infect humans and
are easy to culture. Leishmaniasis, caused by different species of Leish-
mania and transmitted by sand flies, poses a major health problem
worldwide. Visceral leishmaniasis is the most severe type of disease and

tions, such as high toxicity and increased resistance [7]. Consequently,
there is a vital need to develop new antiparasitic therapies.

Natural phenols are compounds containing at least one phenol
group. These compounds form a large group of secondary metabolites of
mostly plant or microbial origin, which exhibit a wide variety of bio-
logical properties, including antioxidant, anti-inflammatory, antitumor,
antiviral, and antineurodegenerative activities [8-12].

Hydroxytyrosol (HT) is a phenolic alcohol that can be isolated from a
high percentage of industrial olive-oil waste. This phenolic compound
exhibits several promising pharmacological activities with great po-
tential as an anticancer, anti-inflammatory, neuroprotective, car-
dioprotective, antioxidant, and antimicrobial agent [13-16].

* Corresponding authors at: Departamento de Quimica Orgéanica. Facultad de Ciencias, Universidad de Granada, E-18071 Granada, Spain (F. Rivas); Instituto de
Parasitologia y Biomedicina “Lopez-Neyra”, CSIC, (IPBLN-CSIC), PTS Granada, Avda. del Conocimiento, 17, 18016, Armilla, Spain.
E-mail addresses: josepv@ipb.csic.es (J.M. Pérez-Victoria), frivas@ugr.es (F. Rivas).

1 B. J.-M. and D.A. G.-A. are co-first authors

https://doi.org/10.1016/j.bioorg.2025.108354

Received 31 January 2025; Received in revised form 2 March 2025; Accepted 5 March 2025

Available online 12 March 2025

0045-2068/© 2025 Elsevier Inc. All rights are reserved, including those for text and data mining, Al training, and similar technologies.


mailto:josepv@ipb.csic.es
mailto:frivas@ugr.es
www.sciencedirect.com/science/journal/00452068
https://www.elsevier.com/locate/bioorg
https://doi.org/10.1016/j.bioorg.2025.108354
https://doi.org/10.1016/j.bioorg.2025.108354

B. Jimenez-Martin et al.

Candida antarctica
lipase (CAL)

Ethyl/Vinyl acetate

Phenolic extract
from
olive oil waste

)G
~(CHy),,
0 H ( 2)n\CH3

5.13 (n = 3-11) (77-81%)

H,, Pd-C

- C

H
14-22 (n = 3-11) (94-97%)

Bioorganic Chemistry 159 (2025) 108354

(e} BnO (e}
@/\s/ m/1 _BnCl__ :©/v Y
KO3 BnO 8

2 (73%) 3 (78%)
KOH/MeOH
H,O
1) Et;N/Toluene B"OK)/VOH
Alkyl i

2) Alkyl isocyanate BnO

Alkyl isocyanates 4 (83%)
o=c=n"CH2h~cyy

n=3-1

Scheme 1. Synthesis of hydroxytyrosol N-alkylcarbamate conjugates.

In recent years, natural phenols have attracted great interest in
various sectors, such as the pharmaceutical industry, owing to their
beneficial effects on health. However, these compounds, such as HT,
have certain drawbacks, such as their solubility and bioavailability, due
to their hydrophilicity, so they have rarely been used as active in-
gredients in pharmaceuticals. Consequently, a number of more lipo-
philic derivatives have recently been developed on the primary hydroxy
group of HT, such as esters [17-21], carbonates [22,23], and ethers
[24-26] with different alkyl chains. Some of these more lipophilic de-
rivatives of hydroxytyrosol are more active than HT and have remark-
able antioxidant, anti-inflammatory, antiproliferative, or
neuroprotective properties [17,20,27]. Recently, some more lipophilic
HT derivatives have also been reported to have antitrypanosomal [28]
and antileishmanial properties [29].

Compounds with a carbamate group have been widely used in new
drug discovery [30]. The carbamate group is a hybrid between an amide
and an ester with good chemical stability, ease of crossing cell mem-
branes, and potential for improved biological and pharmacokinetic
properties. Recently, some hydroxytyrosol carbamate derivatives have
been reported as antiradical and antimicrobial agents [31].

In this study, a series of hydroxytyrosol N-alkylcarbamate conjugates
with different chain lengths were prepared. In addition, these de-
rivatives were tested as antitrypanosomal and antileishmanial agents,
and their cytotoxicity against a healthy cell line (MRC-5) and a macro-
phage cell line (THP-1) was determined.

2. Results and discussion
2.1. Chemistry

Hydroxytyrosol (1, HT), a phenolic alcohol belonging to the group of
natural phenols, is used as a raw material for the synthesis of conjugates.
This phenolic compound is distributed in many plants, but especially in
wastes from the olive-oil industry, where it has been isolated.

Several hydroxytyrosol N-alkylcarbamate conjugates were synthe-
sized for testing as antitrypanosomal and antileishmanial agents

(Scheme 1). Enzymatic treatment of the phenolic extract of olive-oil
wastes with Candida antarctica lipase (CAL) and ethyl/vinyl acetate
was used to isolate hydroxytyrosol from this phenolic mixture while
protecting its primary hydroxy group. In this reaction, hydroxytyrosol
acetate (2) was isolated [23]. Compound 2 was first treated with benzyl
chloride (BnCl) and KoCO3 in acetone to protect its ortho-diphenolic
groups, yielding derivative 3, and subsequently with KOH/MeOH/H20
to deprotect its primary hydroxy group, giving dibenzylated hydrox-
ytyrosol (4, DBHT). Compound 4 was then treated with triethylamine
(EtsN) in toluene under an Ar atmosphere to facilitate the coupling re-
actions with various alkyl isocyanates of different chain lengths (from
butyl isocyanate to dodecyl isocyanate). In these coupling reactions, a
set of dibenzylated hydroxytyrosol N-alkylcarbamate conjugates (5-13)
was prepared (77-81 %).

The 'H NMR spectra of compounds 5-13 showed the characteristic
signals of dibenzylated hydroxytyrosol (4, DBHT), such as those corre-
sponding to two monosubstituted phenyl groups (between 8y 7.3 and
7.5), to two benzylated oxygenated methylene groups (around &y 5.15),
to three aromatic proton signals (H-2, H-5, and H-6, between 8y 6.7 and
6.9), to one benzylated methylene group (H-7, around 8y 2.8), and to
one benzylated oxygenated methylen group (H-8, around &y 4.2). In
addition, these 'H NMR spectra showed the signals of the corresponding
alkyl chain attached to the carbamate group. These signals were a triplet
due to the methyl group of the alkyl chain (around &y 0.9), several
multiplets (between 6y 1.2 and 1.5) attributable to the methylene
groups in the center of the chain, a quadruplet (around &y 3.15) corre-
sponding to the methylene group (2H-1") adjacent to the nitrogen atom
of the carbamate group, and the hydrogen of the carbamate function
(between 8y 4.5 and 4.6). The '3C NMR spectra of these compounds
(5-13) showed, among the signals of compound 4 (DBHT) [23], that of a
nitrogenated methylene carbon (C-1/, around 8¢ 41), several signals
from the methylene groups in the center of the alkyl chain (between 8¢
20 and 32), a signal from the methyl group of the alkyl chain (around §¢
14), and the signal from the carbamate carbon (8¢ 156.6).

Catalytic hydrogenation of these dibenzylated hydroxytyrosol N-
alkylcarbamate conjugates (5-13) produced the corresponding
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Table 1
Trypanocidal activity and cytotoxicity of dibenzylated hydroxytyrosol N-alkyl-
carbamate conjugates 5-13.
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Table 2
Antileishmanial activity and cytotoxicity of dibenzylated hydroxytyrosol N-
alkylcarbamate conjugates 5-13.

Compound n®  T.b. bruceilCsy  MRC-5 ICso SI AG°  ClogP?
# (1M (UMD
DBHT (4) - 27.2+ 1.4 58.8 + 8.1 2 1 453
5 3 17.3+0.8 > 200 >12 2 6.72
6 4 14.4 + 1.0 > 200 > 14 2 7.25
7 5 > 20 > 200 - - 7.78
8 6 > 20 > 200 - - 8.31
9 7 > 20 > 200 - - 8.84
10 8 > 20 > 200 - - 9.37
11 9 > 20 > 200 - - 9.89
12 10 >20 > 200 - - 10.42
13 1 >20 > 200 - - 10.95
. >
Suramin - 0.024 + 0.001 > 200 333 - -

a

n = Number of methylene groups (CHy) of the alkyl chain.

bgr= Selectivity Index (ICso MRC-5 / ICso T. b. brucei).

¢ AG = Activity gain (ICso DBHT (4) T. b. brucei / 1Cso compound # T. b.
brucei).

4 ClogP = Calculated logP values using the ChemDraw Professional 21.0
software.

derivatives (14-22). The benzyl protecting groups of the dibenzylated
derivatives 5-13 were removed with Hy and Pd — C in EtOH, with yields
above 95 % (Scheme 1). Comparing the spectroscopic data of derivatives
14-22 and their corresponding dibenzylated derivatives 5-13, the only
difference in the spectra of the former was precisely the absence of
signals from these benzyl groups. In these derivatives (14-22), the 'H
NMR spectra showed the signals of three aromatic protons (H-2, H-5,
and H-6, between 8y 6.6 and 6.8), of a benzylated methylene group (H-
7, around 8y 2.8), of a benzylated oxygenated methylene group (H-8,
around 8y 4.2), of the methyl group of the alkyl chain (around 8y 0.9), of
the methylene groups of the alkyl chain center (between 8 1.3 and 1.5),
of the methylene group adjacent to the nitrogen atom of the carbamate
group (2H-1', around 8y 3.15), and of the hydrogen atom of the carba-
mate function (between 8y 4.8 and 4.9). The 13¢ NMR spectra of these
derivatives (14-22) showed, in addition to the signals of compound 1
(HT), that of a nitrogenated methylene carbon (C-1/, around &¢ 41),
several signals from the methylene groups in the center of the alkyl
chain (between &¢ 20 and 32), a signal from the methyl group of the
alkyl chain (around 8¢ 14), and the signal from the carbon atom of the
carbamate group (8¢ 157). The assignment of these signals was per-
formed with the help of HSQC and HMBC spectra.

2.2. Biological activity

The antitrypanosomal and antileishmanial activity of dibenzylated
hydroxytyrosol (5-13) or hydroxytyrosol (14-22) N-alkylcarbamate
conjugates was evaluated in vitro against the bloodstream forms of T. b.
brucei, as well as against the intracellular amastigote forms of L. dono-
vani (MHOM/67/HU3), to calculate the respective ICsy concentrations
(50 % inhibition of parasite growth). This last study was performed with
the intramacrophageal amastigote forms of L. donovani because this
stage is the clinically relevant one, since it is the one residing in the
infected person and, therefore, more appropriate in the search for
leishmaniacidal compounds. The cytotoxicity of these conjugates was
also evaluated against MRC-5, a human lung fibroblast cell line widely
used as a control for drug toxicity [29,32,33], as well as against THP-1, a
monocytic leukemia cell line. Suramin and miltefosine were used as
positive drug controls. Suramin is used against the first stage of African
trypanosomiasis caused by Trypanosoma brucei rhodesiense, although it
may have adverse effects [34]. Miltefosine is used for the treatment of
visceral, cutaneous and mucocutaneous leishmaniasis and is currently
the only oral drug licensed for the treatment of this disease [35].

Compound Amastigotes ~ MRC-5 THP-1 SI¢ s’ AG*
# L. donovani 1Cso 1Cso (MRC- (THP-
ICs50 (M) (uM) (1M) 5) 1
58.8 + 77.0 £
DBHT (4) > 20 8.1 0.4 <3 <4 1
91.7 +
5 > 20 > 200 58 - <5 -
6 > 20 > 200 > 200 - - -
7 > 20 > 200 > 200 - - -
8 > 20 > 200 > 200 - - -
9 > 20 > 200 > 200 - - -
10 > 20 > 200 189+ - <9 -
1.0
11 > 20 > 200 > 200 - - -
110 +
12 > 20 > 200 6.0 - <6 -
13 > 20 > 200 > 200 - - -
. . 66.99 + 17.97 +
Miltefosine 0.48 + 0.07 234 1.80 140 99 -

@ SI (MRC-5) = Selectivity Index (ICso MRC-5 / ICsg L. donovani).

LS| (THP-1) = Selectivity Index (ICso THP-1 / ICs¢ L. donovani).

¢ AG = Activity gain (ICso DBHT (4) L. donovani / ICso compound #
L. donovani).

Table 3
Trypanocidal activity and cytotoxicity of hydroxytyrosol N-alkylcarbamate
conjugates 14-22.

Compound n® T b. brucei ICso MRC-5 ICsg S AG®  Clogp?
# (uM) (M)

HT (1) - 921+ 1.2 > 200 >2 1 0.07
14 3 222+ 1.0 1423+ 1.9 6 4 2.26
15 4 3.3+0.8 95.7 + 4.3 29 28 2.79
16 5 2.6 £ 0.7 84.9 + 3.4 33 35 3.32
17 6 2.0+0.1 63.6 + 3.3 32 46 3.85
18 7 0.8+ 0.1 37.4+ 0.5 47 115 4.38
19 8 0.4+ 0.1 35.6 + 1.0 89 230 4.91
20 9 0.3+0.1 42.0 + 2.4 140 307 5.44
21 10  0.2+0.0 22.0 + 0.2 110 460 5.97
22 11 0.3+0.0 18.2+ 0.3 61 307  6.49

a

n = Number of methylene groups (CHy) of the alkyl chain.
b o= Selectivity Index (ICso MRC-5 / ICso T. b. brucei).
¢ AG = Activity gain (ICso HT (1) T. b. brucei / ICsq compound # T. b. brucei).
4 ClogP = Calculated logP values using the ChemDraw Professional 21.0
software.

Treatment with miltefosine killed the intracellular amastigote form of L.
donovani [36].

The ICsp concentration values of derivatives 5-13 against T. b. brucei
parasites were, in most cases, higher than 20 uM, except for the de-
rivatives with the shortest N-alkyl chain (5, 17.3 pM; and 6, 14.4 pM).
Their cytotoxicity was also tested against the healthy cell line MRC-5,
reaching ICsq values above 200 pM for all derivatives (Table 1). These
results indicate that, in general, these derivatives (5-13), whose ortho-
phenolic groups were protected with a benzyl group, were neither
antitrypanosomal against T. b. brucei nor cytotoxic against the healthy
cell line MRC-5.

The ICs( values of derivatives 5-13 against the amastigote form of L.
donovani were higher than 20 pM, while those against the healthy cell
line MRC-5 were greater than 200 pM. Only a few derivatives (5, 91.7
pM; 10, 189 pM; and 12, 110 pM) had ICsg values lower than 200 pM,
but above 90 pM, against THP-1 macrophage cells (Table 2). Therefore,
these dibenzylated hydroxytyrosol N-alkylcarbamate conjugates (5-13)
were neither antileishmanial nor cytotoxic against healthy MRC-5 or
THP-1 macrophages.

Table 3 shows the trypanocidal and cytotoxic data for the reference
compound (HT, 1) and its N-alkylcarbamate derivatives (14-22). ICsq
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Table 4
Antileishmanial activity and cytotoxicity of hydroxytyrosol N-alkylcarbamate
conjugates 14-22.

Compound Amastigotes L. THP-1 SI* s’ AG*
# donovani ICso (HM) (MRC- (THP-
ICs0 (UM) 5) 1)
HT (1) > 20 > 200 - - -
14 > 20 > 200 <7 - -
15 > 20 > 200 <5 - -
16 34+11 > 200 25 > 59 >6
17 11.0 £ 29 165.0 = 6 15 > 2
0.8

18 10.2£1.5 81.2+0.9 4 8 >2
19 9.4+0.7 76.3 £1.2 4 8 > 2
20 17.6 £ 3.3 73.8 £ 0.4 2 4 >1
21 7.0£0.3 68.0 £ 1.6 3 10 >3
22 142+ 2.6 275+ 4.2 1 2 >1

@ SI (MRC-5) = Selectivity Index (ICso MRC-5 (Table 3) / ICso L. donovani).
LS (THP-1) = Selectivity Index (ICso THP-1 / ICsq L. donovani).
¢ AG = Activity gain (ICso HT (1) L. donovani / ICso compound # L. donovani).

concentration values against T. b. brucei were generally below 5 pM,
except for the derivative with the shortest N-alkyl chain (14), which was
slightly above 20 pM. Five of these derivatives with the longest N-alkyl
chain (18-22) showed submicromolar ICsy values (0.2-0.8 pM), with
activity gains (AG) relative to HT (1) ranging from 115- to 460-fold. The
other three derivatives (15-17) showed slightly higher values (2.0-3.3
pM), with 28- to 46-fold increases in the activity (AG). The cytotoxicity
of these derivatives (14-22) was also tested against the healthy MRC-5
cell line, with the most active derivatives (18-22) showing selectivity
indices (SI) of MRC-5 cells relative to T. b. brucei parasites of between 47-
and 140-fold. The activity of Suramin (ICs9 = 0.024 uM), the positive
control used against T. b. brucei, is 10-fold higher than that of some of the
HT derivatives tested (20—22). However, this compound frequently
produces nephrotoxicity and peripheral neuropathy. In addition, it does
not cross the blood-brain barrier so it is only administered for the first
stage of sleeping sickness [34].

Table 4 presents the antileishmanial and cytotoxic data for the
reference compound (HT, 1) and the same N-alkylcarbamate derivatives
(14-22). Five of these HT conjugates (16-19 and 21), with free ortho-
diphenolic groups and medium-sized N-alkyl chains, showed ICs values
less than or equal to 10 pM, registering selectivity indices (SI), relative to
L. donovani parasites, of 3- to 25-fold with healthy MRC-5 cells, and of 8-
to 60-fold with THP-1 macrophages. The activity of Miltefosine (IC5¢o =
0.48 pM), the positive control used against the amastigote form of L.
donovani, is 7-fold higher than that of derivative 16 (ICso = 3.4 pM), but
Mitelfosine is more cytotoxic against MRC-5 and THP-1 cell lines. In
addition, Miltefosine is teratogenic and embryotoxic, even at low con-
centrations [35].

The calculated partition coefficient (ClogP) values for the hydrox-
ytyrosol N-alkylcarbamate conjugates (14-22) were estimated using
ChemDraw Professional 21.0 software in an attempt to understand the
higher activity of these derivatives with respect to the reference com-
pound (HT, 1). The more lipophilic character of these HT derivatives
(ClogP = 2.26-6.49) with respect to HT itself (ClogP = 0.77) may be
related to the greater ability of these HT derivatives to cross parasite cell
membranes [37]. On the other hand, the dibenzylated hydroxytyrosol N-
alkylcarbamate conjugates (5-13) have a much more pronounced
lipophilic character, with very high ClogP values (ClogP = 6.72-10.95),
which may explain their low activity.

The use of hit and lead criteria in drug discovery for infectious dis-
eases from the GHIT Fund has helped to identify potential candidates for
future research [38]. Some of the synthesized derivatives meet quite a
few of these criteria, such as structures confirmed by spectroscopic and
spectrometric identification, purity above 95 %, synthesized in 5 steps
from the natural compound with quite acceptable yields, submicromolar
ICs0 values or at least below 10 pM and selectivity indices between 25-
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and 140-fold. These promising candidates would be derivatives 20 (ICsq
= 0.3 pM, SI = 140, AG = 307) and 21 (IC5¢ = 0.2 pM, SI = 110, AG =
460) against T. b. brucei parasites and derivative 16 (ICsg = 3.4 pM,
SIMmrcs = 25, SItgp1 > 59, AG > 6) against L. donovani parasites.

3. Conclusions

Nine dibenzylated hydroxytyrosol (5-13) and nine hydroxytyrosol
(14-22) N-alkylcarbamate conjugates were synthesized by a coupling
reaction with nine alkyl isocyanates, of different chain lengths, with the
primary hydroxy group of HT.

An analysis was made of the antitrypanosomal (T. b. brucei) and
antileishmanial (L. donovani) properties, as well as their cytotoxicity
against a healthy cell line (MRC-5) and a macrophage cell line (THP-1),
of these dibenzylated hydroxytyrosol (5-13) or hydroxytyrosol (14-22)
N-alkylcarbamate conjugates. Five of these N-alkylcarbamate de-
rivatives (18-22), with longer N-alkyl chains, had submicromolar ICsg
concentrations against T. b. brucei, with values ranging from 0.2 to 0.8
pM, and three other hydroxytyrosol conjugates (15-17), with shorter N-
alkyl chains, showed ICs( values below 5 pM. These five most active N-
alkylcarbamate derivatives (18-22) exhibited activity gains (AG) rela-
tive to hydroxytyrosol of 115- to 460-fold and had selectivity indices (SI)
of healthy MRC-5 cells relative to T. b. brucei parasites of 47- to 140-fold.
The ortho-diphenolic groups of these derivatives were free; therefore,
this characteristic and the presence of an N-alkyl chain are decisive in
the activity of these compounds.

These N-alkylcarbamate derivatives (5-22) were also tested against
the amastigote form of L. donovani, where five compounds (16-19 and
21), with medium-sized N-alkyl chains and free ortho-diphenolic groups,
had ICsg values less than or equal to 10 pM, with selectivity indices (SI),
relative to L. donovani parasites, of 3- to 25-fold increase in healthy
MRC-5 cells, and of 8- to 60-fold increase in THP-1 macrophages. In the
hydroxytyrosol conjugates 5-13, with the ortho-diphenolic groups were
protected by benzyl groups, cytotoxicity against T. b. brucei and L.
donovani showed significantly higher ICs values, in most cases above
20 pM.

The results of these HT N-alkylcarbamate derivatives against T. b.
brucei in comparison with those of other previously published de-
rivatives, such as HT alkyl esters [29] and HT alkylcarbonates [28], led
to the conclusion that the activity gain data (AG) relative to hydrox-
ytyrosol and the selectivity index data (SI) are slightly better, indicating
that the N-alkylcarbamate derivatives are more active and less cytotoxic.
The structure of all these HT derivatives implies that the conjugates with
higher antitrypanosomal activity should have free ortho-diphenolic
groups of HT, and the alkyl chain should have a medium-high length
(6-12 carbon atoms). In consideration of the antileishmanial results,
they are also better than those reported for HT alkyl esters [29].

Hydroxytyrosol N-alkylcarbamate conjugates 20 and 21 against T. b.
brucei parasites and derivative 16 against L. donovani parasites are po-
tential candidates for further studies to investigate their possible
mechanisms of action.

4. Experimental
4.1. General experimental chemical procedures

The FTIR spectra were recorded using a Mattson Satellite FTIR
spectrometer, and the NMR spectra using a Bruker Avance Neo spec-
trometer (lH, 400 MHz; 13C, 100 MHz) with CDCl3 as the solvent. The
13C NMR chemical shifts were determined using DEPT with a flip angle
of 135°. The purity of the new compounds was measured using a Waters
Acquity UPLC system coupled with a Waters Synapt G2 HRMS spec-
trometer with ESI. The purity of all compounds was confirmed to be
>95 %. Merck silica-gel 60 aluminum sheets (1.16835) were used for
TLC, while Merck silica gel 60 (0.040-0.063 mm, 1.09385) was used for
flash chromatography. CHyCly (Fisher, D/1852/17) with increasing
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Table 5
1H NMR (400 MHz) and '*C NMR (100 MHz) spectroscopic data of compounds 5-7.

No. 5 6 7

8¢, mult. Sy (J in Hz) Sc, mult. Sy (J in Hz) Sc, mult. Sy (J in Hz)
1 131.7,C 131.7,C 131.7,C
2 116.2, CH 6.84, d (2.0) 116.2, CH 6.83,d (2.2) 116.2, CH 6.83,d (2.1)
3 147.8, C 149.1, C 149.1, C
4 149.1, C 147.8, C 147.8, C
5 115.5, CH 6.89, d (8.2) 115.5, CH 6.88, br d (8.1) 115.5, CH 6.88, d (8.2)
6 121.9, CH 6.75, dd (8.2, 2.0) 121.9, CH 6.74, dd (8.1, 2.2) 121.9, CH 6.74, dd (8.2, 2.1)
7 35.2, CHy 2.83,t (7.0) 35.2, CH, 2.82,t(7.1) 35.2, CH, 2.82,t(7.0)
8 65.3, CH, 4.22,t (7.0) 65.3, CH, 4.21,t(7.1) 65.3, CH, 4.21,t(7.0)
OCONH 156.6, C 156.6, C 156.6, C
NH 4.61, brs 4.59, br s 4.58, br s
1" 71.6, CHy 5.14,s 71.6, CHy 5.14,s 71.6, CHy 5.14,s
1" 71.5, CH, 5.16, s 71.5, CH, 5.15,s 71.5, CH, 5.15, s
2" 137.6, C 137.6, C 137.6, C
2" 137.5,C 137.5,C 137.5,C
3'&7" 127.5, CH 7.47-7.42, m 127.5, CH 7.48-7.43, m 127.5, CH 7.48-7.43, m
3"&7" 127.4, CH 7.47-7.42, m 127.4, CH 7.48-7.43, m 127.4, CH 7.48-7.43, m
4"& 6" 128.6, CH 7.38-7.33, m 128.6, CH 7.38-7.34, m 128.6, CH 7.38-7.34, m
5" 127.8, CH 7.32, m 127.9, CH 7.34, m 127.9, CH 7.34, m
1 40.8, CH, 3.16, q (7.3) 41.1, CH, 3.15,q (7.0) 41.1, CH, 3.15, q (6.8)
2 32.2, CH, 1.47, quint (7.3) 29.8, CH, 1.48, quint (7.0) 30.1, CH, 1.48, m
3 20.0, CHy 1.34, sex (7.3) 29.0, CH, 1.29, m 26.5, CH, 1.30, m
4 13.8, CH3 0.93,t (7.3) 22.5, CH, 1.33, m 31.6, CH, 1.30, m
5 14.1, CH;3 0.91, t (7.0) 22.7, CHy 1.30, m
6 14.1, CHs 0.89, t (6.7)

Recorded at '"H NMR 400 MHz and '*C NMR 100 MHz in CDCls.

amounts of acetone (Fisher, A/0600/17) was used as the eluent. All the
solvents had an analytical reagent-grade purity. Novo-Nordisk Bio-
industrial S.A. (Madrid, Spain) kindly supplied Candida antarctica lipase
(CAL).

4.2. Enzymatic acetylation of hydroxytyrosol (1)

From the solid by-products of olive milling, a polar extract composed
mainly of phenolic compounds was isolated by a patented procedure and
called the phenolic extract [39]. To this phenolic extract (3 g), a mixture
of 30 mL of ethyl acetate and 60 mL of vinyl acetate with Candida
antarctica lipase (3 g) was added. This mixture was stirred for 24 h at
40 °C with orbital shaking. The reaction mixture was filtered and
evaporated under reduced pressure, yielding a residue that was purified
by column chromatography, isolating hydroxytyrosol acetate (2, 2.78 g,
14.2 mmol, 73 %) [23].

4.3. Bengylation of hydroxytyrosol acetate (2)

This benzylation reaction was carried out with 2.5 g (12.7 mmol) of
hydroxytyrosol acetate (2) dissolved in dry acetone (20 mL), followed by
the addition of K»CO3 (6 g, 43.4 mmol) and BnCl (3 mL). The reaction
mixture was stirred under reflux for 4 h, then filtered, and the solvent
was evaporated under reduced pressure. The residue was dissolved in
CH,Cl, and washed three times with water. The organic layer was dried
with anhydrous NaySOy, filtered, and concentrated until dry. The res-
idue was purified by column chromatography, yielding dibenzylated
derivative 3 (3.76 g, 10.0 mmol, 78 %).

4.3.1. 3,4-Bis(benzyloxy)phenethyl acetate (3)

Colorless oil; IR (Umax) 3031, 2967, 1736, 1605, 1519, 1248, 1100,
738, 697 cm™'; 'H NMR data: oy 7.47-7.45 (4H, m, H-3" and H-7"),
7.38-7.37 (4H, m, H-4" and H-6"), 7.32 (2H, m, H-5"), 6.89 (1H, d, J =
8.0 Hz, H-5), 6.84 (1H, d, J = 2.1 Hz, H-2), 6.75 (1H, dd, J = 8.0, 2.1 Hz,
H-6), 5.16 and 5.15 (4H, s, H-1"), 4.22 (2H, t, J = 7.2 Hz, H-8), 2.84 (2H,
t, J = 7.2 Hz, H-7), 2.02 (3H, s, H-1). 13C NMR data: 5¢c 171.1 (C,
OCONH), 149.0 (C, C-3), 147.8 (C, C-4), 137.5 and 137.4 (C, 2C-2"),
131.3 (C, C-1), 128.6 (CH, 4C-4"), 127.9 (CH, 2C-5"), 127.4 (CH, 4C-3"),
121.9 (CH, C-6), 116.1 (CH, C-2), 115.3 (CH, C-5), 71.5 (CH,, 2C-1"),

65.1 (CHy, C-8), 34.7 (CH,, C-7), 21.1 (CHs, C-1"); HRESIMS m/z
399.1568 [M + Na]™ (caled for Co4H404Na™, 399.1572).

4.4. Deacetylation of derivative 3

Derivative 3 (3 g, 7.5 mmol) was dissolved in 80 mL of a mixture of
CH30H/H50 (70 %) and KOH (5 %) and then refluxed for 1 h. Subse-
quently, the reaction mixture was extracted with CHCly, dried in
anhydrous NaySO4, and evaporated to dryness. Chromatography on a
silica gel column yielded derivative 4 (2.22 g, 6.6 mmol, 83 %) [23].

4.5. Synthesis of dibenzylated hydroxytyrosol N-alkylcarbamate
conjugates (5-13)

Dibenzylated hydroxytyrosol (4, DBHT, 0.5 mmol) and triethyl-
amine (Et3N, 0.4 mmol) were dissolved in 50 mL of toluene to form a
reaction mixture under an Ar atmosphere. On the other hand, different
alkyl isocyanates (0.6 mmol) were prepared in toluene (5 mL) under an
Ar atmosphere. Then, each alkyl isocyanate solution was added slowly
to the corresponding reaction mixture. Each reaction mixture was
heated at reflux for 10 h. Afterwards, the solvent was evaporated, and
the residue was purified by chromatography to give conjugates 5-13
(77-81 %).

According to the general procedure, compound 4 (0.5 mmol) was
coupled with butyl isocyanate (0.6 mmol), pentyl isocyanate (1.0
mmol), hexyl isocyanate (1.0 mmol), heptyl isocyanate (1.0 mmol),
octyl isocyanate (1.0 mmol), nonyl isocyanate (1.0 mmol), decyl iso-
cyanate (1.0 mmol), undecyl isocyanate (1.0 mmol), or dodecyl isocy-
anate (1.0 mmol) to give the respective conjugates (5-13). These
compounds were purified by column chromatography to yield 172 mg
(0.4 mmol, 79 %) of 5, 178 mg (0.4 mmol, 80 %) of 6, 183 mg (0.4
mmol, 79 %) of 7, 190 mg (0.4 mmol, 80 %) of 8, 198 mg (0.4 mmol, 81
%) of 9, 202 mg (0.4 mmol, 80 %) of 10, 205 mg (0.4 mmol, 79 %) of 11,
208 mg (0.4 mmol, 78 %) of 12, and 211 mg (0.4 mmol, 77 %) of 13.

4.5.1. 3,4-Bis(benzyloxy)phenethyl butylcarbamate (5)

Colorless crystal, m.p. 71-73 °C; IR (Vmax) 3316, 3062, 3032, 2927,
1686, 1544, 1520, 1260, 1232, 1137, 1020, 729, 693 cm™%; 'H and 13C
NMR data see Table 5; HRESIMS m/z 456.2147 [M + Nal™ (calcd for
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Table 6
1H NMR (400 MHz) and '*C NMR (100 MHz) spectroscopic data of compounds 8-10.
No. 8 9 10
8¢, mult. Sy (J in Hz) Sc, mult. Sy (J in Hz) Sc, mult. Sy (J in Hz)
1 131.7,C 131.6, C 131.7,C
2 116.2, CH 6.83,d (2.1) 116.2, CH 6.83, d (2.0) 116.2, CH 6.83, d (2.0)
3 149.1, C 149.0, C 149.1, C
4 147.8, C 147.8, C 147.8, C
5 115.5, CH 6.88, d (8.1) 115.4, CH 6.88,d (8.2) 115.5, CH 6.88, d (8.2)
6 121.9, CH 6.74,dd (8.1, 2.1) 121.9, CH 6.74, dd (8.2, 2.0) 121.9, CH 6.74, dd (8.2, 2.0)
7 35.2, CHy 2.82,t(7.1) 35.2, CH, 2.82,t(7.0) 35.2, CH, 2.82,t(7.0)
8 65.3, CH, 4.21,t (7.1) 65.3, CH, 4.20, t (7.0) 65.3, CH, 4.21,t(7.0)
OCONH 156.6, C 156.6, C 156.6, C
NH 4.57,brs 4.57,brs 4.57,brs
1" 71.6, CHy 5.14,s 71.6, CHy 5.14,s 71.6, CHy 5.14,s
1" 71.5, CH, 5.15, s 71.5, CH, 5.15,s 71.5, CH, 5.15, s
2" 137.6, C 137.6, C 137.6, C
2" 137.5,C 137.5,C 137.5,C
3'&7" 127.5, CH 7.48-7.42, m 127.5, CH 7.47-7.43, m 127.5, CH 7.48-7.42, m
3"&7" 127.4, CH 7.48-7.42, m 127.4, CH 7.47-7.43, m 127.4, CH 7.48-7.42, m
4"& 6" 128.6, CH 7.39-7.33, m 128.6, CH 7.39-7.33, m 128.6, CH 7.39-7.33, m
5" 127.9, CH 7.31, m 127.9, CH 7.33-7.28, m 127.9, CH 7.33-7.27, m
1 41.1, CH, 3.15, q (6.8) 41.1, CH, 3.15, q (6.8) 41.1, CH, 3.14, q (6.8)
2 30.1, CH, 1.48, m 30.1, CH, 1.48, m 30.2, CH, 1.47, m
3 26.8, CHy 1.30, m 26.9, CH, 1.30, m 26.9, CH, 1.29, m
4 29.1, CH, 1.30, m 29.3, CH, 1.28, m 29.4, CH, 1.27, m
5’ 31.9, CH, 1.29, m 29.4, CH, 1.28, m 29.4, CH, 1.27, m
6 22.7, CHy 1.29, m 31.9, CH, 1.26, m 29.6, CH, 1.27, m
7' 14.2, CH3 0.89, t (6.9) 22.8, CH, 1.29, m 32.0, CH, 1.26, m
8 14.2, CH3 0.89, t (6.9) 22.8, CHy 1.29, m
9 14.2, CHs 0.89, t (6.8)
Recorded at '"H NMR 400 MHz and '*C NMR 100 MHz in CDCls.
Table 7
1H NMR (400 MHz) and '*C NMR (100 MHz) spectroscopic data of compounds 11-13.
No. 11 12 13
8¢, mult. 8y (J in Hz) Sc, mult. Sy (J in Hz) Sc, mult. Sy (J in Hz)
1 131.7,C 131.7,C 131.6, C
2 116.2, CH 6.83,d (2.1) 116.2, CH 6.83,d (2.1) 116.2, CH 6.84,d (2.1)
3 149.1, C 149.1, C 149.0, C
4 147.8, C 147.8, C 147.8, C
5 115.5, CH 6.88, d (8.1) 115.4, CH 6.88,d (8.2) 115.4, CH 6.88, d (8.2)
6 121.9, CH 6.74,dd (8.1, 2.1) 121.9, CH 6.74, dd (8.2, 2.1) 121.9, CH 6.74, dd (8.2, 2.1)
7 35.2, CHy 2.82,t(7.1) 35.2, CHy 2.82,t(7.1) 35.2, CHy 2.82,t(7.1)
8 65.3, CH, 4.20, t (7.1) 65.3, CH, 4.21,t (7.0) 65.3, CH, 4.21,t(7.1)
OCONH 156.6, C 156.6, C 156.6, C
NH 4.57,brs 4.58, br s 4.60, br s
1" 71.6, CH, 5.13,s 71.6, CH, 5.14, s 71.6, CH, 5.14, s
1" 71.5, CHy 5.15, s 71.5, CHy 5.15,s 71.5, CHy 5.15, s
2" 137.6, C 137.6, C 137.6, C
2" 137.5,C 137.5,C 137.5,C
3'&7" 127.5, CH 7.48-7.42, m 127.5, CH 7.48-7.42, m 127.5, CH 7.48-7.42, m
3"&7" 127.4, CH 7.48-7.42, m 127.4, CH 7.48-7.42, m 127.4, CH 7.48-7.42, m
4"&6" 128.6, CH 7.39-7.33, m 128.6, CH 7.39-7.33, m 128.6, CH 7.39-7.33, m
5" 127.9, CH 7.33-7.27, m 127.9, CH 7.33-7.27, m 127.9, CH 7.33-7.27, m
1 41.2, CHy 3.14, q (6.8) 41.1, CHy 3.15, q (6.8) 41.1, CH, 3.15, q (6.7)
2 30.2, CHy 1.47, m 30.1, CHy 1.48, m 30.1, CHy 1.48, m
3 26.9, CHy 1.29, m 26.9, CHy 1.30, m 26.9, CHy 1.30, m
4 29.4, CH, 1.27, m 29.4, CH, 1.27, m 29.4, CH, 1.27, m
5’ 29.4, CH, 1.27, m 29.5, CH, 1.27, m 29.5, CH, 1.27, m
6 29.7, CHy 1.27, m 29.7, CHy 1.27, m 29.8, CH, 1.27, m
7' 29.7, CH, 1.27, m 29.7, CH, 1.27, m 29.7, CH, 1.27, m
8 32.0, CH,y 1.27, m 29.7, CHy 1.27, m 29.7, CHy 1.27, m
9 22.8, CHy 1.29, m 32.0, CH, 1.26, m 29.7, CHy 1.27, m
10' 14.2, CH3 0.89, t (6.8) 22.8, CH, 1.32, m 32.0, CH, 1.27, m
11 14.2, CH3 0.89, t (6.8) 22.8, CH, 1.32, m
12/ 14.2, CH3 0.90, t (6.8)

Recorded at '"H NMR 400 MHz and '*C NMR 100 MHz in CDCls.

1687, 1545, 1520, 1262, 1233, 1137, 1022, 729, 693 cm™!; 'H and '3C
NMR data see Table 5; HRESIMS m/z 470.2307 [M + Nal™ (calcd for
CagH33NO4Na™, 470.2307).

Ca7H31NO4Na™, 456.2151).

4.5.2. 3,4-Bis(benzyloxy)phenethyl pentylcarbamate (6)
Colorless crystal, m.p. 72-74 °C; IR (Vmax) 3315, 3063, 3032, 2927,
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Table 8
1H NMR (400 MHz) and '*C NMR (100 MHz) spectroscopic data of compounds
14-16.
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Table 9

1H NMR (400 MHz) and '3C NMR (100 MHz) spectroscopic data of compounds
17-19.

No. 14 15 16 No. 17 18 19
Sc, Sy (Jin ¢, 5 (Jin Sc Sy (J in S, 5 (J in ¢, Sy (Jin Sc, 5y (J in
mult. Hz) mult. Hz) mult. Hz) mult. Hz) mult. Hz) mult. Hz)
1 130.3, 130.2, 130.4, 1 130.2, 130.2, 130.2,
C C C C C C
9 115.9, 6.73, 115.9, 6.73, 115.9, 6.73, 9 115.9, 6.73, 115.9, 6.73, 115.9, 6.73,
CH d(2.1) CH d(2.1) CH d(2.1) CH d(2.1) CH d (2.0) CH d(2.1)
3 144.0, 144.1, 144.0, 3 144.1, 144.1, 144.1,
C C C C C C
4 142.8, 142.9, 142.8, 4 142.9, 142.9, 142.9,
C C C C C C
5 115.4, 6.78, 115.4, 6.78, 115.4, 6.78, 5 115.4, 6.78, 115.4, 6.78, 115.4, 6.78,
CH d (8.0) CH d(8.1) CH d (8.0) CH d (8.0) CH d(8.1) CH d(8.1)
6 121.2, 6.59, dd 121.1, 6.57, dd 121.2, 6.59, dd 6 121.1, 6.58, dd 121.2, 6.58, dd 121.1, 6.58, dd
CH (8.0, 2.1) CH (8.1, 2.1) CH (8.0, 2.1) CH (8.0, 2.1) CH (8.1, 2.0) CH (8.1, 2.1)
7 35.0, 2.78, t 34.9, 2.76, t 35.0, 2.78, t 7 34.9, 2.77, t 34.9, 2.77,t 34.9, 2.76, t
CH, (7.1) CH, (7.1) CH, (7.1) CH, (7.2) CH, (7.1) CH, (7.2)
8 65.9, 4.21,t 66.0, 4.20, t 65.9, 4.21,t 8 66.0, 4.21,t 66.0, 4.21,t 66.0, 4.20, t
CHy (7.1) CHy (7.1) CH, (7.1) CHy (7.2) CH, (7.1) CHy (7.2)
157.3, 157.4, 157.3, 157.4, 157.4, 157.4,
OCONH c C C OCONH C C c
NH 4.81, brs 4.91, brs 4.80, brs NH 4.86, br s 4.84,brs 4.88, br s
y 40.9, 3.15,q 41.2, 3.13,q 41.2, 3.15,q " 41.2, 3.14,q 41.3, 3.15,q 41.2, 3.14,q
CH, (7.3) CH, (6.8) CHy 6.7) CH, (6.8) CH, 6.7) CH, (6.7)
) 32.0, 1'4,5’ 29.6, 1'446’ 30.0, 2/ 30.0, 1.46, m 30.0, 1.46, m 29.9, 1.45, m
2 CH, quint CH, quint CH, 1.47, m CH, CH, CH,
(7.3) (6.8) , 26.8, 26.9, 26.8,
3 1.27, m 1.27, m 1.27, m
3 20.0, 1.31, sext 28.9, 124 m 26.5, 1.29 m CH, CH, CHy
CHy (7.3) CHy ? CH; ’ 4 29.0, 127 m 29.3, 1.26. m 29.4, 1.26. m
4 13.8, 0.90, t 22.4, 1.28. m 31.6, 1.29. m CH, ’ CH, ’ CH, ’
CH3 (7.3) CH, ’ CHy ’ 5 31.8, 1.96. m 29.3, 1.26. m 29.4, 1.96. m
3 & 0o om  1m % o e |
Hs 7. H, , 7, .9, .6,
¢ 14.1, 0.88, t 6 CH, L26m oy, LBm oy, 1.26,m
CH3 (6.8) 7 14.2, 0.87, t 22.8, 1.28,m 32.0, 1.26, m
" " - CH; (6.8) CH, CH,
Recorded at “"H NMR 400 MHz and “°C NMR 100 MHz in CDCls. 14.2 0.88. t 29.8
8 ? ? ? 1.29, m
CH3 (6.8) CHy ’
4.5.3. 3,4-Bis(benzyloxy)phenethyl hexylcarbamate (7) g ‘1:‘1‘{-2’ (()6-8;’ t
3 .

Colorless crystal, m.p. 73-75 °C; IR (Vmax) 3333, 3064, 3036, 2928,
1682, 1538, 1515, 1253, 1224, 1134, 1006, 740, 696 cm™'; 'H and '3C
NMR data see Table 5; HRESIMS m/z 484.2458 [M + Na]™ (caled for
C29H35N04Na+, 484.2464).

4.5.4. 3,4-Bis(benzyloxy)phenethyl heptylcarbamate (8)

Colorless crystal, m.p. 74-76 °C; IR (Vmax) 3312, 3063, 3033, 2922,
1686, 1545, 1519, 1260, 1232, 1137, 1022, 728, 693 cm™*; 'H and 3C
NMR data see Table 6; HRESIMS m/z 498.2615 [M + Na]* (calcd for
C3oH37NO4Na™, 498.2620).

4.5.5. 3,4-Bis(benzyloxy)phenethyl octylcarbamate (9)

Colorless crystal, m.p. 84-86 °C; IR (Vmax) 3330, 3065, 3038, 2923,
1685, 1538, 1513, 1249, 1231, 1132, 1006, 723, 696 cm ™ *; 'H and 3C
NMR data see Table 6; HRESIMS m/z 512.2782 [M + Na]™ (caled for
C31H30NO4Na™, 512.2777).

4.5.6. 3,4-Bis(benzyloxy)phenethyl nonylcarbamate (10)

Colorless crystal, m.p. 85-87 °C; IR (Vmax) 3323, 3064, 3036, 2920,
1685, 1542, 1513, 1254, 1231, 1134, 1007, 738, 696 cm ™ *; 'H and 3C
NMR data see Table 6; HRESIMS m/z 526.2946 [M + Na]* (calcd for
C3oH41NO4Na™, 526.2933).

4.5.7. 3,4-Bis(benzyloxy)phenethyl decylcarbamate (11)

Colorless crystal, m.p. 86-88 °C; IR (Vmax) 3319, 3062, 3036, 2918,
1685, 1540, 1516, 1258, 1232, 1136, 1010, 729, 695 cm ™ *; 'H and 3C
NMR data see Table 7; HRESIMS m/z 540.3097 [M + Na]™ (caled for
C33H43N04Na+, 540.3090).

Recorded at '"H NMR 400 MHz and '3C NMR 100 MHz in CDCl;.

4.5.8. 3,4-Bis(benzyloxy)phenethyl undecylcarbamate (12)

Colorless crystal, m.p. 86-89 °C; IR (Vmax) 3318, 3060, 3034, 2917,
1684, 1550, 1520, 1266, 1233, 1137, 1022, 729, 693 cm™~!; 'H and '3C
NMR data see Table 7; HRESIMS m/z 554.3266 [M + Na]™t (calcd for
C34H4sNO4Na™, 554.3246).

4.5.9. 3,4-Bis(benzyloxy)phenethyl dodecylcarbamate (13)

Colorless crystal, m.p. 87-89 °C; IR (Vmax) 3317, 3059, 3030, 2916,
1688, 1548, 1520, 1268, 1233, 1137, 1023, 730, 694 cm™!; 'H and 13C
NMR data see Table 7; HRESIMS m/z 568.3418 [M + Nal™ (calcd for
C3s5H47NO4Na™, 568.3403).

4.6. Synthesis of hydroxytyrosol N-alkylcarbamate conjugates (14-22)

Compounds 5-13 (0.25 mmol) were separately dissolved in EtOH
(10 mL), and 20 mg of Pd—C were added. The reaction mixture was
hydrogenated at 5 atm of Hy pressure for 24 h. Each solution was
filtered, and each organic layer was concentrated under reduced pres-
sure. Each residue was purified by column chromatography to yield
derivatives 14-22 (94-97 %).

According to the general procedure described above, each dibenzy-
lated hydroxytyrosol N-alkylcarbamate conjugate 5 (108 mg), 6 (112
mg), 7 (115 mg), 8 (119 mg), 9 (122 mg), 10 (126 mg), 11 (129 mg), 12
(133 mg), or 13 (136 mg) was debenzylated with Hy/Pd-C to give,
respectively, 14 (60 mg, 0.24 mmol, 96 %), 15 (65 mg, 0.24 mmol, 97
%), 16 (68 mg, 0.24 mmol, 97 %), 17 (70 mg, 0.24 mmol, 95 %), 18 (74
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Table 10
1H NMR (400 MHz) and '*C NMR (100 MHz) spectroscopic data of compounds
20-22.

No. 20 21 22
Sc, 8 (Jin ¢, 5y (Jin Sc, 5 (J in
mult. Hz) mult. Hz) mult. Hz)
1 130.2, 130.2, 130.3,
C C C
115.9, 115.9, 6.73, 115.9, 6.73,
2 CH 673,brs oy d @1 CH d @1
5 144.1, 144.1, 144.0,
C C C
4 142.9, 142.9, 142.9,
C C C
5 115.4, 6.78, 115.4, 6.78, 115.4, 6.78,
CH d(8.1) CH d(8.1) CH d(8.1)
6 121.1, 6.58, br 121.1, 6.58, dd 121.2, 6.59, dd
CH d (8.1) CH (8.1, 2.1) CH (8.1, 2.1)
7 34.9, 2.77,t 34.9, 2.78, t 35.0, 2.78, t
CH, (7.2) CH, (7.2) CH, (7.2)
8 66.0, 4.20, t 66.0, 4.21,t 66.0, 4.21,t
CHy (7.2) CH, (7.2) CH, (7.2)
157.4, 157.4, 157.3,
OCONH c C c
NH 4.87,brs 4.86, br s 4.82,brs
y 41.2, 3.14,q 41.3, 3.15,q 41.3, 3.15,q
CH, (6.8) CH, (6.8) CH, (6.8)
, 30.0, 30.0, 30.0,
2 CH, 1.46, m CH, 1.46, m CH, 1.47, m
, 26.9, 26.9, 26.9,
3 CH, 1.27, m CH, 1.29, m CH, 1.28, m
, 29.4, 29.4, 29.4,
4 CH, 1.25, m CH, 1.25, m CH, 1.26, m
, 29.4, 29.5, 29.5,
5 CH, 1.25, m ey 1.25, m cH, 1.26, m
, 29.7, 29.7, 29.8,
6 CH, 125m 1.25, m CH, 1.26, m
, 29.7, 29.7, 29.8,
7 CH, 1.25, m CH, 1.25, m CH, 1.26, m
, 32.0, 29.7, 29.7,
8 CH, 1.25, m CH, 1.25, m CH, 1.26, m
, 22.8, 32.0, 29.7,
9 CH, 1.29, m CH, 1.26, m CH, 1.26, m
, 14.2, 0.88, t 22.8, 32.1,
10 CH, ©5 cH, 1.30, m CH, 1.26, m
' 14.2, 0.88, t 22.8,
11 CH, ©.7) CH, 1.30, m
, 14.3, 0.88, t
12 CHs (6.9)

Recorded at 'H NMR 400 MHz and '*C NMR 100 MHz in CDCls.

mg, 0.24 mmol, 96 %), 19 (77 mg, 0.24 mmol, 96 %), 20 (79 mg, 0.23
mmol, 94 %), 21 (84 mg, 0.24 mmol, 96 %), or 22 (87 mg, 0.24 mmol,
96 %).

4.6.1. 3,4-Dihydroxyphenethyl butylcarbamate (14)

Colorless oil; IR (vmax) 3360, 3030, 2956, 1681, 1520, 1248, 1113
em™!; 'H and '3C NMR data see Table 8; HRESIMS m/z 276.1217 [M +
Na]™ (caled for C13H;gNO4Na™, 276.1212).

4.6.2. 3,4-Dihydroxyphenethyl pentylcarbamate (15)

Colorless oil; IR (vpmax) 3361, 3030, 2956, 1681, 1519, 1254, 1113
em™!; 'H and '3C NMR data see Table 8; HRESIMS m/z 290.1368 [M +
Na]™ (caled for C;4HoNO4Na™, 290.1368).

4.6.3. 3,4-Dihydroxyphenethyl hexylcarbamate (16)

Colorless o0il; IR (Vmax) 3366, 3034, 2952, 1682, 1519, 1247, 1113
em™!; 'H and 13C NMR data see Table 8; HRESIMS m/z 304.1526 [M +
Na]™ (caled for C;5Ha3NO4Na™, 304.1525).

4.6.4. 3,4-Dihydroxyphenethyl heptylcarbamate (17)
Colorless amorphous solid; IR (vmay) 3482, 3375, 3357, 2921, 1686,
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1451, 1233, 1112 cm™!; 'H and '3C NMR data see Table 9; HRESIMS m/
2 318.1680 [M + Na]™ (caled for C;gHasNO4Nat, 318.1681).

4.6.5. 3,4-Dihydroxyphenethyl octylcarbamate (18)

Colorless amorphous solid; IR (vpmay) 3461, 3375, 3349, 2913, 1693,
1449, 1240, 1112 cm™; 'H and '3C NMR data see Table 9; HRESIMS m/
2 332.1842 [M + Na] ™ (caled for C;7HyyNO4Na™, 332.1838).

4.6.6. 3,4-Dihydroxyphenethyl nonylcarbamate (19)

Colorless amorphous solid; IR (Vmayx) 3439, 3297, 2956, 1690, 1527,
1257 em™!; 'H and '3C NMR data see Table 9; HRESIMS m/z 346.2005
[M + Na]™ (caled for C1gH29NO4Na™, 346.1994).

4.6.7. 3,4-Dihydroxyphenethyl decylcarbamate (20)

Colorless amorphous solid; IR (Vmayx) 3457, 3310, 2952, 1693, 1551,
1259, 1142 cm™}; 'H and '3C NMR data see Table 10; HRESIMS m/z
360.2150 [M + Na]™ (caled for C;9H31NO4Na™, 360.2151).

4.6.8. 3,4-Dihydroxyphenethyl undecylcarbamate (21)

Colorless amorphous solid; IR (vmayx) 3457, 3310, 3086, 2961, 1693,
1551, 1259, 1143 cm™!; 'H and '3C NMR data see Table 10; HRESIMS
m/z 374.2315 [M + Na]* (calced for CooH3sNO4Na™, 374.2307).

4.6.9. 3,4-Dihydroxyphenethyl dodecylcarbamate (22)

Colorless amorphous solid; IR (vmayx) 3457, 3310, 3077, 2918, 1694,
1552, 1258, 1143 cm™}; 'H and '3C NMR data see Table 10; HRESIMS
m/z 388.2455 [M + Na]* (calcd for Co;H3sNO4Na™, 388.2464).

4.7. Strains and media

Bloodstream forms of T. b. brucei ‘single marker’ S427 (S16) were
grown at 37 °C under 5 % CO3 in HMI-9 medium supplemented with 10
% heat-inactivated FBS (iFBS) [40].

L. donovani (MHOM/ET/67/HU3) with the luciferase gene inte-
grated into the parasite genome (LUC) was grown at 28 °C in RPMI
1640-modified medium supplemented with 10 % iFBS and 50 mg/mL
hygromycin B [41].

The MRC5-SV2 cell line (SV40-transformed human lung fibroblast
cell line) was cultured in DMEM supplemented with 10 % iFBS, 100 U/
mL penicillin, and 100 pg/mL streptomycin at 37 °C under 5 % COa.

THP-1, a human myelomonocytic cell line, was grown at 37 °C under
5 % CO3 in RPMI-1640 medium supplemented with 10 % iFBS, 2 mM
glutamate, 100 U/mL penicillin, and 100 mg/mL streptomycin.

4.8. Determination of cellular toxicity

THP-1 cells (3 x 10* cells/well) differentiated to macrophages with a
treatment of 20 ng/mL PMA for 48 h, followed by 24 h of culture in fresh
medium and MRC-5 cells (2 x 10* cells/well) were incubated in 96-well
plates, in the presence of increasing concentrations of the different
compounds, at 37 °C under 5 % of COs, for 72 h, and cell toxicity was
determined using a resazurin-based assay [42]. Fluorescence was
recorded using an Infinite® F200 microplate reader (Tecan Austria
GmbH, Austria) with 550- and 590-nm filters.

The results are expressed as ICsg, which is defined as the concen-
tration of the compound that reduces cell growth by 50 % compared
with the untreated control cells. The assays were performed in two in-
dependent experiments performed in triplicate.

4.9. In vitro antitrypanosomal activity

The viability of T. b. brucei was measured by incubation of 2 x 10*
parasites/well in 96-well microplates with increasing concentrations of
drugs/compounds for 72 h at 37 °C under 5 % CO; in the culture me-
dium. Cell proliferation was determined using a resazurin-based assay
[43]. Fluorescence was recorded using an Infinite® F200 microplate
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reader (Tecan Austria GmbH, Austria) with 550- and 590-nm filters. The
results are expressed as ICsg values. The assays were performed in three
independent experiments made in duplicate.

4.10. Susceptibility of the intracellular amastigote form of Leishmania

Macrophage-differentiated THP-1 cells were plated at a density of 3
x 10* macrophages/well in 96-well white polystyrene microplates and
infected at a macrophage/parasite ratio of 1:10 with stationary L.
donovani LUC promastigote form for 24 h at 35 °C under 5 % COa.
Extracellular parasites were removed by washing with PBS (1.2 mM
KH3POy4, 8.1 mM NayHPOy4, 130 mM NaCl, and 2.6 mM KCl, adjusted to
pH 7.0). The infected cell cultures were then incubated in RPMI 1640
medium supplemented with 10 % iFBS at 37 °C under 5 % CO» for 72 h.
To determine the susceptibility of L. donovani LUC amastigote, infected
macrophages were lysed, and the luminescence intensity was measured
as an indicator of intracellular parasite growth using a Luciferase Assay
System Kit (Promega, Madison, Wisconsin, USA), as previously
described [41]. Assays were performed in three independent experi-
ments, and samples were collected in triplicate.
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