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In the search of better antioxidants for different applications, we have designed and synthesized two
series of antioxidants that possess surfactant properties: glucosyl- and glucuronosyl alkyl gallates. They
display better surface-active efficiency that alkyl gallates and some show critical micelle concentration
(CMC) and surfactant effectiveness (gcmc) in the same range of worldwide known surfactants, such as
Brij-30 or Tween-20. Moreover, they exhibit a high antioxidant activity due to the di-ortho phenolic
moiety present in their structure. Nevertheless, glucosyl- and glucuronosyl alkyl gallates are worse
antioxidants than the corresponding alkyl gallates.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Oxidation in living cells causes the formation of reactive oxygen
species that are counterbalanced by biological repairing systems.
The oxidative stress produced when this equilibrium is unbalanced
has been related with ageing1 and diseases, such as atherosclerosis,
stroke, rheumatoid arthritis and neurodegenerative diseases, such
as Alzheimer’s and Parkinson’s diseases.2e5 Antioxidants have been
proposed as potential preventive and therapeutic tools to coun-
teract the oxidation damage and therefore control disease.6e9 At
the same time, antioxidants have been traditionally used as food
additives to help guard against food deterioration and as stabilizers
in fuels and lubricants to prevent oxidation.

Polyphenols are one of the main groups of antioxidants found in
Nature. They have shown interesting biological properties, such as
green tea catechins with anticancer10 and brain-protective activi-
ties,11 berries anthocyanins enhancing memory12,13 or olive oil
phenols, such as hydroxytyrosol capable of reducing the size of
atherosclerotic lesions in rabbits.14 At the same time, the potency of
natural phenols, such as rosmarinic acid or hydroxytyrosol as food
x: þ34 954 460565; e-mail
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antioxidants has proven to be even better than a-tocopherol, BHT
or ascorbyl palmitate commonly used food antioxidants.15e18

Different chemical modifications of natural phenols have been
explored to improve their antioxidant potency and biological ac-
tivity. Inspired by hydroxytyrosol 1 (Fig. 1), our group and others
have recently prepared new phenolic derivatives varying the
number of phenolic hydroxyl groups, length of the alkyl chain19 or
attaching lipophilic moieties to the central core.20e24 This last
group of new phenolic compounds containing a phenolic scaffold
Fig. 1. Hydroxytyrosol (1), hydroxytyrosol octanoate (2), gallic acid (3), alkyl gallates
(4e10) and glucosyl alkyl gallates (11e17) and glucuronosyl alkyl gallates (18e20)
prepared in this work.

mailto:jcmorales@iiq.csic.es
www.sciencedirect.com/science/journal/00404020
http://www.elsevier.com/locate/tet
http://dx.doi.org/10.1016/j.tet.2011.07.046
http://dx.doi.org/10.1016/j.tet.2011.07.046
http://dx.doi.org/10.1016/j.tet.2011.07.046


O.S. Maldonado et al. / Tetrahedron 67 (2011) 7268e7279 7269
with an attached alkyl chain has recently being named as pheno-
lipids.25 In oil-in-water emulsified systems we observed that ac-
ylation of hydroxytyrosol with medium-size alkyl chains (for
example, hydroxytyrosol octanoate 2) presented higher antioxi-
dant activity than hydroxytyrosol or hydroxytyrosol fatty acid es-
ters with longer alkyl chains.26

A similarbehaviourhasbeendescribed forotherphenolipids, such
as chlorogenate esters and rosmarinate esters modified with
medium-size alkyl chains.25,27e29 In fact, the best antioxidant in
a series of hydroxytyrosol fatty acid esters was the most effective
surfactant in aqueous media.30 Since the phenolic unit, responsible
for most of the antioxidant activity, is common to all these series of
compounds, an effective surfactant would locate the antioxidant
preferentially at the oil-water interface in the emulsions inhibiting
lipid oxidation more efficiently (Fig. 2a). This reasoning can also be
extended to the biological field where an antioxidant located at the
cell membranewill bemore efficient to protect the cell from reactive
oxygen species in the exterior (Fig. 2b). Actually, tocopheryl de-
rivatives as amphiphilic antioxidants have been prepared to be em-
bedded within the membranes for a better protection of the cells.31
Fig. 2. (a) Oil-in-water emulsion containing antioxidants located at the interface; (b)
Cell containing antioxidants placed within the membrane.
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Fig. 3. Glucosyl and glucuronosyl tricholoacetimidate donors (28e29).

Scheme 1. Synthesis of glucosyl alkyl gallates (11e17). (a) 2,2-dimethoxypropane,
acid, CHCl3; (b) 28, BF3$OEt2, CH2Cl2; (c) TFA; (d) Na2CO3, MeOH.
We have now focused in the potent and commonly used anti-
oxidants gallic acid and alkyl gallates (3e10, Fig. 1) to design new
antioxidant surfactants. Alkyl gallates, such as butyl gallate 4 or
octyl gallate 6 are potent antioxidants used as additives in food,
cosmetics and lubricants. Moreover, they have been reported to
protect cells against oxidative damage induced by reactive oxygen
species (ROS), as hydroxyl radicals or hydrogen peroxide, and re-
active sulfur species (RSS).32 Alkyl gallates are also known to cause
apoptosis in several tumour cell lines and to inhibit lymphocyte
proliferation.33,34

We tried to design antioxidants highly effective in emulsified
systems and in cellular environments based in the structure of alkyl
gallates. We found that the surface active properties of alkyl gal-
lates could be improved (see below) and decided to attach a sugar
moiety at the phenolic group at position 3 maintaining a di-ortho
phenolic moiety in the overall structure. Previously, gallic esters of
sucrose35 and glucopyranosyl derivatives of tocopherols,36 have
been reported as radical scavengers and amphiphilic antioxidants,
respectively. Also, acyl glyco-carotenoic acids have been isolated
from a marine bacterium, Rubritalea squalenifaciens.37,38 Here we
report the synthesis of a series of glycosyl alkyl gallates (11e20)
that contain glucose or glucuronic acid attached to the alkyl gallate
scaffold (Fig. 2). Alkyl gallates (4e10) with different chain lengths
from C4 to C18 have been used in the synthesis of the new de-
rivatives in order to obtain an appropriate hydrophilicelipophilic
balance (HLB). Critical micelle concentration (CMC) and surface
tension in aqueous media have been analyzed and discussed.
Radical scavenging properties and reducing capacity have been
measured for the new antioxidant surfactants using the DPPH and
the FRAP test, respectively. The new antioxidants seem to display
optimum properties to be used in emulsified systems and to protect
cells from oxidation.
2. Results and discussion

2.1. Synthesis of glycosyl alkyl gallates (11e20)

We designed new compounds based on the potent antioxidants
alkyl gallates that will carry a more polar head group within their
amphiphilic structure that may improve their surface active prop-
erties. To do so, we decided to attach a glycosyl unit to the phenolic
hydroxyl group at position 3 of alkyl gallates leaving a di-ortho
phenolic moiety that should maintain most of their antioxidant
activity.

2.1.1. Synthesis of glucosyl alkyl gallates (11e17). The synthesis
started with the acetal protection of the corresponding alkyl gal-
lates 4e10 (Scheme 1), all of them commercially available, except
decyl gallate that was prepared by reaction of gallic acid and dec-
anol in THF using DCC as catalyst.39
The isopropyliden derivatives 21e27 were synthesized by
standard reactions conditions with 2,2-dimethoxyisopropyliden
acetal and camphor sulfonic acid with moderate yields (43e60%)
(Scheme 1). Next, glycosylation reactions were carried out using
classical Schmidt’s glycosylation protocol40e42 either with the
glucosyl or the glucuronosyl trichloroacetimidates donors 28 and
29, respectively (Fig. 3).
Fully protected glucosyl alkyl gallates 30e36 were obtained
with good to excellent yields (67e93%, Table 1, entries 1e7) using
BF3$OEt2 as the promoter in CH2Cl2 at room temperature and short
reaction times (30e60 min). These reaction conditions resulted in
glycosylated products with b-stereoselectivity as expected. These
compounds were then submitted to deprotection steps. First
treatment with TFA to remove the isopropyliden group afforded
compounds 37e43 (yields, 53e83%) followed by hydrolysis with



Table 1
Glycosylation reaction conditions and results obtained

Entry Acceptor Donor Producta Yieldb (%)

1 21 28 30 89
2 22 28 31 76
3 23 28 32 79
4 24 28 33 93
5 25 28 34 86
6 26 28 35 79
7 27 28 36 67
8 21 29 44 42
9 23 29 45 53
10 26 29 46 63

a All glycosylation reactions were performed in dichloromethane and BF3$OEt2
was used like promoter.

b Isolated yield after chromatography.
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Na2CO3 in MeOH to obtain the final products 11e17 (yields,
75e99%). Deprotection steps carried out in the reverse order yiel-
ded complex reaction mixtures.

2.1.2. Synthesis of glucuronosyl alkyl gallates (18e20). Next, we
decided to include glucuronic acid, a charged glycosyl moiety,
within the alkyl gallate scaffold to compare the surface active and
antioxidant properties with the neutral polar heads of the glucosyl
alkyl gallates 4e10. The synthesis of glucuronic acid derivatives is
not trivial since the corresponding glycosyl donors exhibit quite
low reactivity with all kind of alcohols. This problemworsens when
the alcohol acceptor is a phenol given that they tend to be less
reactive than primary or secondary alcohols. Synthesis of glucur-
onosyl donor 29 (Fig. 2) is carried out in three steps from the
commercially available D-glucurono-6,3-lactone in good yields via
the 1-hydroxysugar.43e46 Final conversion into the corresponding
trichloroacetimidates donor is accomplished through activation of
the hydroxyl group with DBU and reaction with tri-
chloroacetonitrile in good yields.47

Butyl, octyl and hexadecyl gallates 4, 6, 9 were selected to be
modified with the glucuronosyl moiety (Scheme 2). The same
synthetic strategy was followed as in the case of the glucosyl de-
rivatives. Glycosylation between acetal protected alkyl gallates 21,
Scheme 2. Synthesis of glucuronosyl alkyl gallates (18e20). (b) 29, BF3$OEt2, CH2Cl2;
(c) TFA; (d) Na2CO3, MeOH.
23 and 26 and glucuronosyl trichloroacetimidate 26 (Table 1, en-
tries 8e10) was carried out using the same reaction conditions
described for the glucosyl derivatives, to obtain glucuronosyl gal-
lates 44e46 in moderate to good yields (42e63%). Deprotection
with TFA yielded compounds 47e49 and final treatment with
Na2CO3 in MeOH afforded the corresponding compounds 18e20.
2.2. Physicochemical properties of alkyl gallates (4e10) and
glycosyl alkyl gallates (11e20)

2.2.1. Surface tension measurements for alkyl gallates (4e10). The
amphiphilic structure of alkyl gallates, especially those with long
alkyl chains could indicate that they may behave as surfactants. To
the best of our knowledge, there is no surface tension data reported
for any alkyl gallate. Nevertheless, it has been described how their
presence in small amounts (up to 0.2%) affects the properties of
different micellar systems.48 Therefore, we measured surface ten-
sion in aqueous media for alkyl gallates 4e10 that possess different
length for the alkyl chain. The graphs of surface tension/log of the
compound concentration are represented in Fig. 4. It can be ob-
served that whereas for gallic acid (taken as a reference) no surface
tension decrease is produced when the concentration increases up
to its limit of solubility, the incorporation of alkyl groups with in-
creasing hydrocarbon chain length in the alkyl gallates, promotes
a drastic change in the profile of the graphs that attain inmost of the
cases the typical shape of a surfactant compound. When the alkyl
chain length is increased, the hydrophilic-lipophilic balance (HLB) of
themoleculediminishesgraduallycovering theappropriate range to
display the best surfactant properties. This is the case for alkyl gal-
lates 5, 6 and 7 with hexyl, octyl and decyl chains, respectively. For
longer alkyl chains the surfactant performance decreases until not
behaving as surfactants because of an excess of hydrophobicity.
Fig. 4. Surface tension versus log of the concentration plots for the series of alkyl
gallates 4e10 (gallic acid 3 is included as reference).
2.2.2. Surface tension measurements for glucosyl alkyl gallates
(11e17). Next, wemeasured surface tension for the series of 1-O-b-
glucosyl alkyl gallates (11e17) at different concentrations (Fig. 5).
Similar considerations can be made for this series when going from
a very hydrophilic molecule (gallic acid) to a very lipophilic one
(glucosyl hexadecyl gallate). In this case, the appropriate range of
compounds displaying surfactant properties is extended to de-
rivatives with alkyl chains from butyl (11) to dodecyl (15). This be-
haviour must be due to the incorporation of a glucosyl group that
makes more hydrophilic the polar head of these molecules and



Fig. 5. Surface tension versus log of the concentration plots for the series of Glucosyl
alkyl gallates 11e17 (gallic acid 3 is included as a reference).
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consequently larger alkyl chains are useful to fit the proper range of
HLB.

2.2.3. Surface tension measurements for glucuronosyl alkyl gallates
(18e20). The plots of surface tension/log of compound concen-
tration for the series of 1-O-b-glucuronosyl alkyl gallates (18e20)
are reported in Fig. 6. The presence of a carboxylic group in the
glucosyl ring makes these molecules more hydrophilic than those
of the former series. The range of alkyl chain lengths able to com-
pensate the strong hydrophilicity of these charged carbohydrates
can be now notably longer than in the previous series. For example,
glucuronosyl hexadecyl gallate 20 displays good surfactant be-
haviour, whereas its glucosyl homologue 16 and hexadecyl gallate 9
are not capable of changing the surface tension in the aqueous
solution at all.
Fig. 6. Surface tension versus log of the concentration plots for the series of Glucur-
onosyl alkyl gallates 18e20 (gallic acid 3 is included as a reference).
2.2.4. Physicochemical parameters for alkyl gallates (4e10) and
glycosyl alkyl gallates (11e20). The physicochemical parameters
obtained for the alkyl gallates (4e10), glucosyl alkyl gallates
(11e17) and glucuronosyl alkyl gallates (18e20) are summarized in
Table 2. Besides the HLB values, the following physicochemical
parameters were obtained from the graphs of surface tension/log of
compound concentration: (1) CMC: critical micelle concentration,
(2) gcmc: surface tension at the CMC related to the surfactant ef-
fectiveness, (3) C20: necessary concentration to decrease in 20 units
the surface tension of pure water, i.e., concentration to reach
52 mN/m, (4) pC20: given by �log C20 related to the surfactant ef-
ficiency, (5) Gmax: maximum surfactant adsorption and (6) A: area
occupied per molecule in the saturated interface.

It can be observed for each of the series that an increase in the
length of the ester alkyl chain leads to a decrease of the CMC as
occurs for conventional surfactants. This observation is quite logical
because the larger the hydrophobic alkyl chain, the faster will be
the process of auto-aggregation into micelles avoiding the long
alkyl chains their contact with the water molecules. The relation-
ship between log of CMC and the alkyl chain length are represented
in Fig. 7. Whereas for alkyl gallates and glucosyl alkyl gallates the
CMC diminishes almost linearly, for glucuronosyl alkyl gallates the
value corresponding to the hexadecyl alkyl (20) chain do not follow
this tendency. This same evidence has been observed in some cases
for large alkyl chains.49,51 A possible explanation has been reported
based on the eventual coiling of these long chains inwater resulting
in a smaller effective length.

It can be observed that for a given alkyl chain, the CMC values of
glucosyl alkyl gallates and glucuronosyl alkyl gallates are higher
than those of the alkyl gallates. A logical reasoning is that being the
polar head of the formers more hydrophilic because the glucosyl or
glucuronosyl groups, the micelle formation can be delayed to
higher concentrations. It can also be noticed that these differences
diminishes with the increase of the alkyl chain length. Again, this
behaviour is logical because for moderate alkyl chain length the
influence of the polar group is critical, but for molecules with large
alkyl chains and consequently with predominant lipophilic char-
acter, the polar group looses gradually its capacity to discriminate
between different polar heads. An extreme example is the case of
the hexadecyl gallate and glucosyl hexadecyl gallate that show the
same behaviour on surface tension in Figs. 4 and 5, in spite of their
different polar head.

Concerning the surfactant effectiveness (gcmc), the compounds
containing the sugar moiety at the polar head, the glucosyl and
glucuronosyl alkyl gallate series (11e20) show better values than
the corresponding alkyl gallates (4e10). In fact, the gcmc values for
glucosyl hexyl gallate 11, glucosyl octyl gallate 13 and glucuronosyl
octyl gallate 19 (30e33.5 mN/m) are in the same range of relevant
surfactants, such as Brij-30 or Tween-20.50,49 gcmc values for the
best alkyl gallate surfactants, such as hexyl, octyl and decyl gallates
5e7 are in the range of 40e46 mN/m. These values illustrate alkyl
gallates 5e7 are optimum surfactants but worse than the new
glycosyl alkyl gallate or other commonly used surfactants.

In comparison to other phenolic surfactants, such as tyrosol or
hydroxytyrosol fatty acid esters, the values observed for alkyl gal-
lates 5e7 are similar to those obtained for tyrosol octanoate or
hydroxytyrosol hexanoate, whereas some glycosyl alkyl gallates
(12e13) are close to those observed for hydroxytyrosol octanoate 2
or hydroxytyrosol decanoate (28e30 mN/m).

When the surfactant effectiveness is plotted against the number
of carbons of the ester alkyl chain (Fig. 8) a minimum value asso-
ciated to the compound structure appears. For the series of alkyl
gallates the optimum effectiveness is produced for the hexyl de-
rivative (5), whereas for glucosyl alkyl gallate series with a more
hydrophilic polar group, the best alkyl chain moves up to the octyl
group (13). Although only three compounds of the glucuronosyl
alkyl gallate series were prepared, taking into account the values on
the graph and considering the possibility of a similar graph shape, it
could be deduced that the minimum could appear at an alkyl chain
in the range of decyl or dodecyl and probably with a lower value
than for the other series. It seems that alkyl gallates can behave as



Table 2
CMC, surface tension, area per molecule, C20, pC20 and G parameters of alkyl gallates (4e8), glycosyl alkyl gallates (11e20) and two common non-ionic surfactants

Compound MW HLB CMC (mM) gcmc (mN/m) C20 (mM) pC20 G (mol/cm2) A (�A2)

Butyl gallate (4) 226.2 11.1 0.60 54.0 d d 3.103�10�10 53.5
Hexyl gallate (5) 254.3 9.8 0.10 38.5 0.035 4.45 4.738�10�10 35.0
Octyl gallate (6) 282.3 8.9 0.05 42.2 0.016 4.80 6.589�10�10 25.2
Decyl gallate (7) 310.4 8.1 0.017 46.7 0.012 4.92 6.143�10�10 27.0
Dodecyl gallate (8) 338.4 7.4 0.0041 64.1 d d 5.172�10�10 32.1
Glc-butyl gallate (11) 388.4 14.7 2.40 37.5 0.90 3.04 6.066�10�10 27.4
Glc-hexyl gallate (12) 416.4 13.8 1.30 33.5 0.09 4.05 3.024�10�10 54.9
Glc-octyl gallate (13) 444.5 12.9 0.50 31.0 0.055 4.26 3.926�10�10 42.3
Glc-decyl gallate (14) 472.5 12.1 0.032 39.5 0.009 5.04 3.994�10�10 41.6
Glc-dodecyl gallate (15) 500.6 11.5 0.010 44.3 0.0048 5.32 3.871�10�10 42.9
GlcA-butyl gallate (18) 401.3 15.0 2.70 52.0 0.0027 2.57 4.554�10�10 36.4
GlcA-octyl gallate (19) 457.4 13.1 0.18 30.0 0.0085 5.07 2.966�10�10 56.0
GlcA-hexadecyl gallate (20) 569.7 10.5 0.10 37.0 0.022 4.66 3.674�10�10 45.2
Brij 30� (Polyoxyethylene (4) lauryl ether)a 362.5 9.4 0.0035 30.0 0.0024 5.62 3.80�10�10 44.0
Tween 20� (polyoxyethylene sorbitan monolaurate)b,c 1227.5 16.6 0.0169 35.0 0.0025 5.61 3.560�10�10 46.6

a Data from Ref. 49.
b Data from Ref. 50.
c C20 and pC20 were calculated as noted in the experimental section.

0,0001

0,001

0,01

0,1

1

10

100

2 4 6 8 10 12 14 16 18

number of carbons in the alkyl chain

c
m

c
(
m

M
)

Glucosyl alkyl gallate

Glucurunosyl alkyl gallate

Alkyl gallate

Fig. 7. Relationship between log of CMC and the length of the acyl alkyl chain in the
gallate derivative series, for compounds displaying surfactant properties.

20

25

30

35

40

45

50

55

60

65

70

2 4 6 8 10 12 14 16 18

number of carbons in the alkyl chain

S
u

r
f
a

c
e

 t
e

n
s

io
n

 a
t
 t

h
e

 c
m

c
 (

m
N

/m
)

Alkyl gallates

Glucosyl alkyl gallates

Glucurunosyl alkyl gallates

Fig. 8. Surface tension versus log of the concentration plots for the series of alkyl
gallates 4e8, glucosyl- and glucuronosyl alkyl gallates 11e15 and 18e20, respectively.

O.S. Maldonado et al. / Tetrahedron 67 (2011) 7268e72797272
good surfactants when the appropriate hydrophilicelipophilic
balance (HLB) is attained. The introduction of a neutral or a charged
monosaccharide in the polar head of the alkyl gallates results in
a series of compounds, glycosyl alkyl gallates 11e20, that display
even better surfactant properties, in some cases similar to other
commonly used surfactants.

2.3. Antioxidant capacity of alkyl gallates 4e10 and glycosyl
alkyl gallates 11e20

The DPPH radical scavenging assay and the FRAP reducing
power tests were carried out to evaluate the antioxidant activity of
alkyl gallates 4e10 and glycosyl alkyl gallates 11e20 (see Tables 3
and 4). Gallic acid, hydroxytyrosol and hydroxytyrosol octanoate
were included as controls. The results obtained in the radical
scavenging experiment showed very similar radical scavenging
efficiency for all the alkyl gallates (4e10) and the control gallic acid.
When a sugar moiety is introduced in the scaffold of the alkyl
gallate (compounds 11e20), the radical scavenging efficiency de-
creases being, in general terms, lower for the glucuronosyl alkyl
gallates than for the glucosyl alkyl gallates. The lost of a phenolic
hydroxyl group in compounds 11e20 with respect to the alkyl
gallates must be the most important factor affecting radical scav-
enging activity.
Table 3
Radical scavenging and reducing power of alkyl gallates 4e10 and controls
hydroxytyrosol 1, hydroxytyrosol octanoate 2 and gallic acid 3

Compound DPPH EC50 FRAP

Hydroxytyrosol (1) 0.720�0.000 1.144�0.095
Hydroxytyrosol octanoate (2) 0.686�0.033 1.128�0.120
Gallic acid (3) 0.205�0.001 4.411�0.121
Butyl gallate (4) 0.227�0.002 2.827�0.092
Hexyl gallate (5) 0.253�0.004 2.552�0.060
Octyl gallate (6) 0.264�0.001 1.643�0.072
Decyl gallate (7) 0.255�0.001 1.417�0.089
Dodecyl gallate (8) 0.238�0.002 1.565�0.025
Hexadecyl gallate (9) 0.261�0.001 1.136�0.053
Octadecyl gallate (10) 0.258�0.001 0.965�0.082
Concerning the ferric reducing ability measured with the FRAP
assay, the number of donated electrons decreases as the length
chain increases in the three series, alkyl gallates (4e10), glucosyl
alkyl gallates (11e17) and glucuronosyl alkyl gallates (18e20). Once
again, the FRAP values of compounds 11e20were lower than those
obtained for the corresponding alkyl gallates 4e10. Nevertheless,



Table 4
Radical scavenging and reducing power of glycosyl alkyl gallates 11e20

Compounds DPPH EC50 FRAP

Glc-butyl gallate (11) 0.479�0.000 2.436�0.078
Glc-hexyl gallate (12) 0.458�0.001 1.863�0.025
Glc-octyl gallate (13) 0.614�0.009 1.388�0.111
Glc-decyl gallate (14) 0.496�0.004 1.496�0.087
Glc-dodecyl gallate (15) 0.490�0.009 1.144�0.063
Glc-hexadecyl gallate (16) 0.674�0.006 0.250�0.056
Glc-octadecyl gallate (17) 0.500�0.002 0.232�0.048
GlcA-butyl gallate (18) 0.590�0.0101 3.785�0.10
GlcA-octyl gallate (19) 0.661�0.0026 1.252�0.075
GlcA-hexadecyl gallate (20) 0.466�0.0134 0.224�0.062
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the radical scavenging and reducing power values obtained for the
new antioxidants seem to be satisfactory to display an optimum
antioxidant activity in different matrices. In fact, the DPPH and
FRAP values obtained for the glycosyl alkyl gallates 11e20 are
better, for example, than those reported for hydroxytyrosol 1 and
hydroxytyrosol octanoate 2 (see Table 2) and these phenolic anti-
oxidants have proved to be excellent antioxidants in oils and oil-in-
water systems, respectively.

It is well-known that gallic acid and alkyl gallates are very po-
tent antioxidants. Based on our previous results with tyrosol and
hydroxytyrysol fatty acid esters30 and due to the amphiphilic
character of alkyl gallates 4e10, it could be envisaged that they
could display surfactant properties. Now, it is clear that they can be
considered as surfactant antioxidants. It is important to mention
that surfactant antioxidants could find important applications in
the food and cosmetic industries.52e54 Scarce examples of antiox-
idants with surface active character have been described so far,
such as alkanoyl-6-O-ascorbic acid esters,55 alkyl ammonium
ascorbate salts,56 tocopheryl polyethylene glycol succinate57 and
BHT alkyl ammonium salts.58 At the same time, the only examples
where the polar head is a phenol group are the butyl and dodecyl
esters of p-hydroxyphenylacetic acid (HPA) that are able to slightly
decrease the surface tension in a water-hexadecane interface39 and
tyrosol and hydroxytyrysol fatty acid esters as our group recently
demonstrated.30

The new glycosyl alkyl gallates 11e20 present slightly worse
antioxidant capacity than their corresponding alkyl gallates as
could be expected due to the lost of one of phenolic hydroxyl
groups. In contrast, the sugarephenolic hybrid polar head makes
them display better surfactant effectiveness than the correspond-
ing alkyl gallates. This aspect may compensate their actual anti-
oxidant potency when tested in emulsified systems or as
antioxidants to prevent oxidative stress in cells.
3. Conclusion

Alkyl gallates 4e10, commonly used antioxidants have pre-
sented notable surface active properties in aqueous solutions. This
finding may partially explain their high antioxidant efficiency in
emulsified systems. In the search of even better antioxidant sur-
factants, glucosyl- and glucuronosyl alkyl gallates 11e20 have been
prepared by a short synthetic route. The new antioxidants have
shown better surface-active efficiency that their corresponding
alkyl gallates and in some cases their surfactant effectiveness is as
good as for universal surfactants, such as Brij-30 or Tween-20. The
antioxidant activity of glycosyl alkyl gallates was somewhat lower
with respect to their parent alkyl gallates most probably due to the
lost of one of the phenolic hydroxyl groups. However, their radical
scavenging capacity and reducing power were even better than for
other excellent phenolic antioxidants, such as hydroxytyrosol and
hydroxytyrosol fatty acid esters. Experiments to investigate the
potential applications in the food, pharmaceutical and cosmetic
industries of the new glycosyl alkyl gallates are in progress.

4. Experimental

4.1. General

All chemicals were obtained either from Aldrich Chemicals or
TCI and used without further purification, unless otherwise noted.
All reactions were monitored by TLC on precoated Silica-Gel 60
plates F254 (Merck), and detected by heating with Mostain (500 mL
of 10% H2SO4, 25 g of (NH4)6Mo7O24$4H2O, 1 g Ce(SO4)2$4H2O).
Products were purified by flash chromatography with Merck Silica-
gel 60 (200e400 mesh). High resolution FAB (þ) mass spectral
analyses was obtained on a Micromass AutoSpec-Q spectrometer.
NMR spectra were recorded on either a Bruker AVANCE 300 or ARX
400 or Bruker Advance DRX 500 MHz, 300 or 400 MHz (1H), 75 or
100 (13C), at room temperature for solutions in CDCl3, D2O or
CD3OD. Chemical shifts are referred to the solvent signal. 2D ex-
periments (COSY, TOCSY, and HMQC) were done when necessary to
assign the oligosaccharide. Chemical shifts are in parts per million
with respect to acetone signal, which was used as an external ref-
erence using a volume of 1 mL. In all experiments the 1H carrier
frequency was kept at the water resonance. Data were processed
using manufacturer software, raw data were multiplied by shifted
exponential window function prior to Fourier transform, and the
baseline was corrected using polynomial fitting.

4.2. General procedure for acetal formation

All alkyl gallates were protectedwith isopropylydene acetal. The
corresponding alkyl gallate and camphor sulfonic acid in catalytic
amounts were dissolved in dry chloroform, 2,2-dimethoxypropane
was then added and the reaction mixture was stirred for 16 h at
60 �C. NEt3 was then added in order to neutralize. Solvents were
removed in vacuo and the crude was purified by flash chroma-
tography with hexane/ethyl acetate by using different polarities
depending on the alkyl group. Reactions yields rated from 40 to
60%.

4.3. General procedure for glycosylation

Acceptors 21e27 (1 equiv) and glucosyl/glucuronosyl tri-
chloroacetimidate 28 or 29 (1.2e1.5 equiv) were dissolved in dry
CH2Cl2 (1 mL for each 100 mg); BF3$OEt2 (0.1e0.15 equiv) was then
added. The reaction mixture was stirred for 30e60 min and NEt3
was then added. Solvents were removed and the crudewas purified
by flash chromatography with hexane/ethyl acetate affording the
corresponding glycosyl/glucurunosyl derivatives with high yields
(75e95%).

4.3.1. Butyl 3-O-(2,3,4,6-tetra-O-acetyl-b-D-glucopyranoside)-4,5-O-
isopropylidene-benzoate 30. Glucosyl trichloroacetimidate 28
(2.2 g, 5.05 mmol) and butyl 3-hydroxy-4,5-O-isopropylidene
benzoate 21 (896 mg, 3.36 mmol) were submitted to glycosylation
conditions following the general procedure. The reaction crude was
purified by flash chromatography (hexane/ethyl acetate from 3:1 to
1:1) to afford 30 (1.78 g, 89%) as awhite glassy solid. ½a�22D �21.6 (c 1
in CHCl3); 1H NMR (400 MHz, CDCl3) d 7.37 (d, 1H, J¼1.5 Hz, Harom),
7.16 (d, 1H, J¼1.4 Hz, Harom), 5.21 (m, 4H, H-1, H-2, H-3, H-4), 4.26
(m, 3H, H-6, COOCH2), 4.10 (dd, 1H, J¼12.2, 2.1 Hz, H-60), 3.81 (ddd,
1H, J¼9.7, 4.9, 2.3 Hz, H-5), 2.03 (m, 12H, COOCH3), 1.69 (m, 8H,
C(CH3)2, CH2), 1.43 (m, 2H, CH2), 0.94 (t, 3H, J¼7.4 Hz, CH3). 13C NMR
(101 MHz, CDCl3) d 170.7, 170.3, 169.4, 169.3, 165.7 (C]O), 149.0,
140.6 (Cqarom), 139.37, 124.32 (Carom), 120.33 (Cip), 115.33 (Carom),
105.60 (Carom), 99.9 (C-1), 72.7, 72.2, 71.2, 68.3, 64.9 (COOCH2R),
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61.9 (C-6), 30.8 (CH2), 25.9 (CH3ip), 25.9 (CH3ip), 20.7, 20.65
(COOCH3), 19.34 (CH2), 13.82 (CH3).

4.3.2. Hexyl 3-O-(2,3,4,6-tetra-O-acetyl-b-D-glucopyranoside)-4,5-
O-isopropylidene-benzoate 31. Glucosyl trichloroacetimidate 28
(1.15 g, 2.66 mmol) and hexyl 3-hydroxy-4,5-O-isopropylidene
benzoate 22 (556 mg, 1.9 mmol) were submitted to glycosylation
conditions following the general procedure. The reaction crudewas
purified by flash chromatography (hexane/ethyl acetate from 3:1 to
1:1) to afford 31 (896 g, 76%) as glassy solid. ½a�22D �19.0 (c 1 in
CHCl3); 1H NMR (300 MHz, CDCl3) d 7.37 (d, 1H, J¼1.4 Hz, Harom),
7.16 (d, 1H, J¼1.4 Hz, Harom), 5.21 (m, 4H, H-1, H-2, H-3, H-4), 4.25
(m, 3H, H-6, COOCH2R), 4.10 (dd, 1H, J¼12.2, 2.1 Hz, H-6), 3.81 (ddd,
1H, J¼9.7, 4.9, 2.3 Hz, H-5), 2.04 (m, 12H, COOCH3), 1.68 (m, 8H,
CH3ip, OCOCH2CH2R), 1.34 (m, 10H, 5� CH2), 0.87 (t, 3H, J¼6.7 Hz,
CH3). 13C NMR (75 MHz, CDCl3) d 170.7, 170.3, 169.4, 169.3 (C]O),
165.7 (C]O), 148.9 (Cqarom), 140.6 (Cqarom), 139.3 (Carom), 124.3
(Carom), 120.3 (Cip), 115.2 (Carom), 105.6 (Carom), 99.9 (C-1), 72.7, 72.2,
71.1, 68.3, 65.2 (COOCH2R), 61.91 (C-6), 31.5 (CH2), 28.7 (CH2), 25.9
(CH3ip), 25.9 (CH3ip), 25.76 (CH2), 22.62 (CH2), 20.7, 20.6, 20.5
(COOCH3), 14.09 (CH3).

4.3.3. Octyl 3-O-(2,3,4,6-tetra-O-acetyl-b-D-glucopyranoside)-4,5-O-
isopropylidene-benzoate 32. Glucosyl trichloroacetimidate 28
(324 mg, 0.74 mmol) and octyl 3-hydroxy-4,5-O-isopropylidene
benzoate 23 (200 mg, 0.62 mmol) were submitted to glycosylation
conditions following the general procedure. The reaction crudewas
purified by flash chromatography (hexane/ethyl acetate from 3:1 to
1:1) to afford 32 (320 g, 79%) as glassy solid. ½a�22D �12.0 (c 1 in
CHCl3); 1H NMR (300 MHz, CDCl3) d 7.35 (d, 1H, J¼1.5 Hz, Harom),
7.14 (d, 1H, J¼1.5 Hz, Harom), 5.30e5.01 (m, 4H, H-1, H-2, H-3, H-4),
4.24 (m, 3H, H-6, OCH2R), 4.09 (m, 1H, H-60), 3.84e3.78 (m, 1H, H-
5), 2.01 (m, 12H, COOCH3), 1.66 (m, 8H, CH3ip, OCH2CH2R), 1.28 (m,
10H, 5� CH2), 0.83 (t, 3H, J¼6.7 Hz, CH3). 13C NMR (75 MHz, CDCl3)
d 170.7, 107.6, 107.3, 107.2, 169.4 (C]O), 148.8 (Carom), 140.5 (Carom),
139.3 (Carom), 124.2 (Carom), 120.3 (Cip), 115.1 (CHarom), 105.5
(CHarom), 99.8 (C-1), 72.6, 72.1, 71.1, 68.2, 65.2 (COOCH2R), 61.8 (C-
6), 31.8 (CH2), 29.2 (CH2), 29.2 (CH2), 28.7 (CH2), 26.0 (CH3ip), 25.9
(CH3ip), 22.6 (CH2), 20.6 (COOCH3), 14.10 (CH3). HRMS (ESþ) calcd
for C32H44O14Na (MþNaþ) 675.2629. Found: 675.2638.

4.3.4. Decyl 3-O-(2,3,4,6-tetra-O-acetyl-b-D-glucopyranoside)-4,5-O-
isopropylidene-benzoate 33. Glucosyl trichloroacetimidate 28
(2.7 g, 5.57 mmol) and decyl 3-hydroxy-4,5-O-isopropylidene
benzoate 24 (1.3 g, 3.71 mmol) were submitted to glycosylation
conditions following the general procedure. The reaction crudewas
purified by flash chromatography (hexane/ethyl acetate from 3:1 to
1:1) to afford 33 (2.32 g, 93%) as awhite glassy solid; ½a�22D �17.5 (c 1
inMeOH); dH (300MHz,MeOD) 7.42 (d,1H, J¼1.5 Hz, Harom), 7.14 (d,
1H, J¼1.5 Hz, Harom), 5.42e5.34 (m, 2H, H-3, H-1), 5.18 (dd,1H, J¼8.0
and 9.5 Hz, H-2), 5.13 (t, 1H, J¼9.5 Hz, H-4), 4.33 (dd, 1H, J¼5.0 and
12.3 Hz, H-6), 4.26 (t, 2H, CH2), 4.14 (dd, 1H, J¼2.1 and 12.2 Hz, H-
60), 4.09e4.05 (m, 1H, H-5), 2.08, 2.07, 2.05, 2.02 (4 s, 12H, CH3CO),
1.77e1.72 (m, 8H, C(CH3)2, CH2), 1.31e1.30 (m,14H, 7� CH2), 0.90 (t,
3H, J¼6.5 Hz, CH3); d 13C (62.5 MHz, MeOD) 170.9, 170.2, 169.8,
169.6 (C]O),165.7 (O]Cbenzoate), 148.9, 140.7, 139.5, 120.5 (Cqarom),
123.8 (C(CH3)2), 114.8, 104.7 (CHarom), 99.5 (C-1), 72.6 (C-3), 71.8 (C-
5), 71.2 (C-2), 68.3 (C-4), 64.9 (CH2O), 61.7 (C-6), 31.7, 29.3, 29.0,
28.9, 25.8, 24.6, 24.5, 22.3, 19.3, 19.2, 13.1 (CH3). HRMS (ESþ) calcd
for C34H48NaO14 (MþNaþ) 703.2942. Found: 703.2975.

4.3.5. Dodecyl 3-O-(2,3,4,6-tetra-O-acetyl-b-D-glucopyranoside)-4,5-
O-isopropylidene-benzoate 34. Glucosyl trichloroacetimidate 28
(1.9 g, 4.4 mmol) and dodecyl 3-hydroxy-4,5-O-isopropylidene
benzoate 25 (1.12 g, 3.0 mmol) were submitted to glycosylation
conditions following the general procedure. The reaction crudewas
purified by flash chromatography (hexane/ethyl acetate from 3:1 to
1:1) to afford 34 (1.8 g, 86%) as a glassy solid; ½a�22D �6.4 (c 1 in
CHCl3); dH (300MHz, CDCl3) 7.37 (d,1H, J¼1.5 Hz, Harom), 7.15 (d,1H,
J¼1.5 Hz, Harom), 5.31e5.11 (m, 4H, H-3, H-1, H-2, H-4), 4.29 (dd, 1H,
J¼5.0 and 12.3 Hz, H-6), 4.22 (t, 2H, J¼7.0 Hz, OCH2), 4.12e4.05 (m,
1H, H-60), 3.85e3.79 (m, 1H, H-5), 2.05, 2.02, 2.01 (3 s, 12H, CH3CO),
1.68 (m, 6H, C(CH3)2), 1.28e1.20 (m, 20H, 10� CH2), 0.86 (t, 3H,
J¼6.5 Hz, CH3); d 13C (62.5 MHz, CDCl3) 170.7, 170.3, 169.4, 169.3,
169.6 (C]O),165.7 (O]Cbenzoate), 148.9, 140.5,139.5,124.2 (Cqarom),
120.3 (C(CH3)2), 115.1, 105.5 (CHarom), 99.5 (C-1), 72.6 (C-3), 72.1 (C-
5), 71.1 (C-2), 68.2 (C-4), 65.2 (CH2O), 61.8 (C-6), 31.9, 29.7, 29.6,
29.5, 29.4, 29.3, 28.7, 26.1, 26.0, 25.9, 22.7, 20.7, 20.6, 14.1 (CH3).
HRMS (ESþ) calcd for C36H52O14Na (MþNaþ) 731.3255. Found:
731.3260.

4.3.6. Hexadecyl 3-O-(2,3,4,6-tetra-O-acetyl-b-D-glucopyranoside)-
4,5-O-isopropylidene-benzoate 35. Glucosyl trichloroacetimidate
28 (1.3 g, 3.0 mmol) and hexadecyl 3-hydroxy-4,5-O-iso-
propylidene benzoate 26 (1.01 g, 2.34 mmol) were submitted
a glycosylation conditions following general procedure. The re-
action crude was purified by flash chromatography (hexane/ethyl
acetate from 3:1 to 1:1) to afford 35 (1.4 g, 79%) as a glassy solid;
½a�22D �12.2 (c 1 in CHCl3); 1H NMR (400 MHz, CDCl3) d 7.38 (d, 1H,
J¼1.3 Hz, Harom), 7.17 (d, 1H, J¼1.3 Hz, Harom), 5.21 (m, 4H, H-1, H-2,
H-3, H-4), 4.26 (m, 3H, H-6, OCH2R), 4.11 (dd, 1H J¼12.3, 2.2 Hz, H-
6), 3.82 (ddd, 1H, J¼9.9, 5.0, 2.3 Hz, H-5), 2.06 (m, 12H, COOCH3),
1.70 (m, 8H, CH3ip, OCH2CH2R), 1.33 (m, 26H, 13� CH2), 0.86 (t, 3H,
J¼6.8 Hz, CH3). 13C NMR (101MHz, CDCl3) d 170.8,170.4,169.5,169.4
(C]O), 165.8 (C]O), 149.0, 140.6, 139.4, 124.3 (Cqarom), 120.3 (Cip),
115.3 (CHarom), 105.6 (CHarom), 99.9 (C-1), 72.7 (C-3), 72.3 (C-5), 71.2
(C-2), 68.3 (C-4), 65.3 (OCH2), 61.9 (C-6), 32.0 (CH2), 29.8 (CH2),
29.78 (CH2), 29.76 (CH2), 29.72 (CH2), 29.66 (CH2), 29.47 (CH2),
29.41 (CH2), 28.85 (CH2), 26.13 (CH2), 26.00(CH3ip), 25.96(CH3ip),
22.79 (CH2), 20.7, 20.6, 20.5 (COOCH3), 14.2 (CH3). HRMS (ESþ) calcd
for C40H60O14Na (MþNaþ) 787.3881. Found: 787.3931.

4.3.7. Octadecyl 3-O-(2,3,4,6-tetra-O-acetyl-b-D-glucopyranoside)-
4,5-O-isopropylidene-benzoate 36. Glucosyl trichloroacetimidate
28 (1.7 g, 4.35 mmol) and octadecyl 3-hydroxy-4,5-O-iso-
propylidene benzoate 27 (1.4 g, 2.34 mmol) were submitted a gly-
cosylation conditions following general procedure. The reaction
crude was purified by flash chromatography (hexane/ethyl acetate
from 3:1 to 1:1) to afford 36 (1.6 g, 67%) as a glassy solid; ½a�22D �9.0
(c 1 in CHCl3); 1H NMR (400 MHz, CDCl3) d 7.37 (d, 1H, J¼1.5 Hz,
Harom), 7.16 (d, 1H, J¼1.5 Hz, Harom), 5.20 (m, 4H, H-1, H-2, H-3, H-4),
4.24 (m, 3H, H-6, COOCH2R), 4.10 (m, 1H, H-6), 3.81 (ddd, 1H, J¼9.9,
5.0, 2.4 Hz, H-5), 2.03 (m, 12H, COOCH3), 1.68 (m, 8H, CH3ip,
COOCH2CH2R), 1.23 (m, 30H, 15� CH2), 0.85 (t, 3H, J¼6.8 Hz, CH3).
13C NMR (101 MHz, CDCl3) d 170.7, 170.3, 169.4, 169.3 (C]O), 165.7
(C]O), 149.0 (Carom), 140.5 (Carom), 139.3 (Carom), 124.3 (Carom),
120.3 (Cip), 115.2 (CHarom), 105.5 (CHarom), 99.9 (C-1), 72.7 (C-3),
72.3 (C-5), 71.2 (C-2), 68.3 (C-4), 65.2 (OCH2R), 61.9 (C-6), 33.0
(CH2), 29.8 (CH2), 29.7 (CH2), 29.7 (CH2), 29.7 (CH2), 29.6 (CH2), 29.4
(CH2), 29.4 (CH2), 28.8 (CH2), 26.1 (CH2), 25.9 (CH3ip), 25.9 (CH3ip),
22.8 (CH2), 20.8, 20.7, 20.6 (COOCH3), 14.2 (CH3).

4.3.8. Butyl 3-O-(methyl-2,3,4-tri-O-acetyl-b-D-glucopyranosyluro-
nate)-4,5-O-isopropylidene-benzoate 44. Glucuronopyranosyl tri-
chloroacetimidate 29 (590 mg, 1.32 mmol) and butyl 3-hydroxy-4,5-
O-isopropylidene benzoate 21 (235 mg, 0.88 mmol) were submitted
to glycosylation conditions following the general procedure. The re-
action crude was purified by flash chromatography (hexane/ethyl
acetate from 3:1 to 1:1) to afford 44 (254 mg, 42%) as a glassy solid.
½a�22D þ14.8 (c 1 in CHCl3); 1H NMR (300 MHz, CDCl3) d 7.30 (d, 1H,
J¼1.5 Hz, Harom), 7.11 (d,1H, J¼1.5 Hz, Harom), 5.28e5.18 (m, 4H, H-1, H-
2, H-3, H-4), 4.19 (t, 2H, J¼6.6 Hz, COOCH2), 4.05 (d,1H, J¼9.6 Hz, H-5),
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3.66 (s, 3H, COOCH3), 2.00, 1.98, 1.97 (3 s, 12H, O]CCH3), 1.66e1.59
(m, 8H, C(CH3)2, CH2), 1.42e1.36 (m, 2H, CH2), 0.89 (t, 3H, J¼7.5 Hz,
CH3). 13C NMR (101 MHz, CDCl3) d 170.1, 169.3, 169.2, 166.7, 165.6 (C]
O), 149.0, 140.3, 138.8, 124.3 (Carom), 120.2 (Cip), 115.6 (Carom), 105.6
(Carom), 99.5 (C-1), 72.7 (C-5), 71.9, 70.9, 69.2 (C-2, C-3, C-4), 64.8
(COOCH2R), 52.9 (OCH3), 30.7 (CH2), 25.8, 25.7 (CH3ip), 20.6, 20.5
(COOCH3), 19.2 (CH2), 13.7 (CH3). HRMS (ESþ) calcd for C27H34NaO14
(MþNaþ) 605.1846. Found: 605.1850.

4.3.9. Octyl 3-O-(methyl-2,3,4-tri-O-acetyl-b-D-glucopyranosyluro-
nate)-4,5-O-isopropylidene-benzoate 45. Glucuronopyranosyl tri-
chloroacetimidate 29 (310 g, 0.69 mmol) and octyl 3-hydroxy-4,5-O-
isopropylidene benzoate 23 (185 mg, 0.58 mmol) were submitted
a glycosylation conditions following the general procedure. The re-
action crude was purified by flash chromatography (hexane/ethyl ac-
etate from 3:1 to 2:1) to afford 45 (194mg, 53%) as a glassy solid. ½a�22D
�21.5 (c1 inCHCl3); 1HNMR(400MHz,CDCl3) d7.36 (s,1H,Harom), 7.16
(s, 1H, Harom), 5.33e5.23 (m, 4H, H-1, H-2, H-3, H-4), 4.22 (t, 2H,
J¼6.6 Hz, COOCH2), 4.10 (d, 1H, J¼9.6 Hz, H-5), 3.71 (s, 3H, COOCH3),
2.05, 2.03, 2.01 (3 s, 12H, O]CCH3), 1.69e1.66 (m, 8H, C(CH3)2, CH2),
1.37e1.23 (m, 10H, 5� CH2), 0.86 (t, 3H, J¼7.5 Hz, CH3). 13C NMR
(101MHz, CDCl3) d 170.1,169.3, 169.2,166.7,165.6 (C]O),149.0, 140.3,
138.8, 124.3 (Carom), 120.2 (Cip), 115.6 (Carom), 105.5 (Carom), 99.5 (C-1),
72.7 (C-5), 71.9, 70.9, 69.2 (C-2, C-3, C-4), 65.2 (COOCH2R), 52.9 (OCH3),
31.9, 29.8, 29.7, 29.6, 29.5, 29.4, 29.3, 29.2 (CH2), 26.0, 25.8, 25.7 (CH3ip),
22.6, 20.6, 20.5 (COOCH3), 14.1 (CH3). HRMS (ESþ) calcd for
C31H42NaO14 (MþNaþ) 661.2472. Found: 661.2474.

4.3.10. Hexadecyl 3-O-(methyl-2,3,4-tri-O-acetyl-b-D-glucopyranosyl-
uronate)-4,5-O-isopropylidene-benzoate 46. Glucuronopyranosyl tri-
chloroacetimidate 29 (1.8 g, 4.0mmol) and hexadecyl 3-hydroxy-4,5-
O-isopropylidene benzoate 26 (874 mg, 2.0 mmol) were submitted
a glycosylation conditions following the general procedure. The re-
action crude was purified by flash chromatography (hexane/ethyl
acetate from 3:1 to 5:2) to afford 46 (960 mg, 63%) as a glassy solid.
½a�22D �7.4 (c 1 in CHCl3); 1H NMR (400 MHz, CDCl3) d 7.36 (s, 1H,
Harom), 7.16 (s, 1H, Harom), 5.36e5.24 (m, 4H, H-1, H-2, H-3, H-4), 4.22
(t, 2H, J¼6.6 Hz, COOCH2), 4.12 (d, 1H, J¼9.6 Hz, H-5), 3.71 (s, 3H,
COOCH3), 2.06, 2.04, 2.02 (3 s, 12H, O]CCH3), 1.69e1.67 (m, 8H,
C(CH3)2, CH2), 1.40e1.25 (m, 26H, 13� CH2), 0.86 (t, 3H, J¼7.5 Hz,
CH3). 13C NMR (101MHz, CDCl3) d 170.1,169.3,169.2,166.7,165.6 (C]
O), 149.0, 140.3, 138.8, 124.2 (Carom), 120.2 (Cip), 115.6 (Carom), 105.6
(Carom), 99.5 (C-1), 72.7 (C-5), 71.9, 70.9, 69.2 (C-2, C-3, C-4), 65.2
(COOCH2R), 52.9 (OCH3), 31.9, 29.8, 29.7, 29.6, 29.5, 29.4, 29.3, 29.2
(CH2), 26.0, 25.8, 25.7 (CH3ip), 22.6, 20.6, 20.5 (COOCH3), 14.1 (CH3).
HRMS (ESþ) calcd for C39H58NaO14 (MþNaþ) 773.3724. Found:
773.3745.

4.4. General procedure for acetal deprotection

Removal of the isopropylidene group was carried out by dis-
solving compounds 30e36 and 44e46 in pure trifluoroacetic acid
(1 mL per each 100 mg) and reaction mixture was stirred at room
temperature for 24 h. Solvent was then removed and coevaporated
with toluene 2 or three times. Crude was purified by flash chro-
matography with hexane/ethyl acetate affording compounds
15e21 with high yields (65e85%).

4.4.1. Butyl 3-O-(2,3,4,6-tetra-O-acetyl-b-D-glucopyranoside)-4,5-
dihydroxybenzoate 37. Compound 30 (1.53 g, 1.35 mmol) was
deprotected by following the general procedure. The reaction crude
was purified by flash chromatography (hexane/ethyl acetate from
2:1 to 1:2) affording compound 37 (1.1 g, 78%); ½a�22D �8.4 (c 1 in
CHCl3); 1H NMR (300 MHz, CDCl3) d 7.40 (d, 1H, J¼1.8 Hz, Harom),
7.26 (d,1H, J¼1.8 Hz, HAr), 5.28 (dt, 2H, J¼19.1, 9.5 Hz, H-2, H-4), 5.14
(t, 1H, J¼9.4 Hz, H-3), 5.02 (d, 1H, J¼7.4 Hz, H-1), 4.32e4.07 (m, 4H,
H-6, H-60, OCH2R), 3.88 (ddd, 1H, J¼9.9, 5.4, 2.2 Hz, H-5), 2.06 (m,
12H, COOCH3),1.70 (m, 2H, COOCH2CH2R),1.43 (m, 2H, CH2), 0.95 (t,
3H, J¼6.4 Hz, CH3). 13C NMR (75 MHz, CDCl3) d 170.9, 170.4, 170.2,
169.6 (C]O), 166.02 (C]O), 144.8, 143.9, 139.1, 122.5 (Cqarom), 113.3
(CHarom), 111.1 (CHarom), 101.3 (C-1), 72.5 (C-3), 72.2 (C-5), 71.4 (C-
2), 68.1 (C-4), 65.0 (OCH2R), 61.6 (C-6), 30.8 (CH2), 20.8, 20.7, 20.6
(COOCH3), 19.3 (CH2), 13.8 (CH3). HRMS (ESþ) calcd for C25H32NaO14
(MþNaþ) 579.1690. Found: 579.1697.

4.4.2. Hexyl 3-O-(2,3,4,6-tetra-O-acetyl-b-D-glucopyranoside)-4,5-
dihydroxybenzoate 38. Compound 31 (1.00 g, 1.42 mmol) was
deprotected by following the general procedure. The reaction crude
was purified by flash chromatography (hexane/ethyl acetate from
1:1 to 1:2) affording compound 38 (770 g, 78%); ½a�22D �9.5 (c 1 in
CHCl3); 1H NMR (300 MHz, CDCl3) d 7.40 (d, 1H, J¼1.8 Hz, Harom),
7.26 (d, 1H, J¼1.8 Hz, Harom), 6.62, 5.89 (2br s, 2H, OH), 5.34e5.25
(m, 2H, H-2, H-4), 5.14 (t, 1H, J¼9.4 Hz, H-3), 5.00 (d, 1H, J¼7.5 Hz,
H-1), 4.30e4.19 (m, 4H, H-6, H-60, OCH2R), 3.88 (ddd, 1H, J¼9.9, 5.4,
2.2 Hz, H-5), 2.10, 2.08, 2.04, 2.03 (4s, 12H, COOCH3), 1.71 (m, 2H,
COOCH2CH2R), 1.39e1.21 (m, 6H, CH2), 0.95 (t, 3H, J¼6.4 Hz, CH3).
13C NMR (62 MHz, CDCl3) d 170.9, 170.4, 170.2, 169.6 (C]O), 166.02
(C]O), 144.8, 143.9, 139.1, 122.6 (Cqarom), 113.3 (CHarom), 111.1
(CHarom), 101.4 (C-1), 72.5 (C-3), 72.2 (C-5), 71.5 (C-2), 68.1 (C-4),
65.3 (OCH2R), 61.7 (C-6), 331.5, 28.8, 25.8, 22.7, 20.9, 20.8, 20.7 20.6
(COOCH3), 14.2 (CH3). HRMS (ESþ) calcd for C27H36NaO14 (MþNaþ)
607.2003. Found: 607.2017.

4.4.3. Octyl 3-O-(2,3,4,6-tetra-O-acetyl-b-D-glucopyranoside)-4,5-
dihydroxybenzoate 39. Compound 32 (78 mg, 0.12 mmol) was
deprotected by following the general procedure. The reaction crude
was purified by flash chromatography (hexane/ethyl acetate from
2:1 to 1:1) affording compound 39 (53 mg, 73%); ½a�22D �5.4 (c 1 in
CHCl3); 1H NMR (400 MHz, CDCl3) d 7.41 (s, 1H, Harom), 7.26 (s, 1H,
Harom), 5.29 (dt, 2H, J¼17.2, 9.5 Hz, H-2, H-4), 5.14 (t, 1H, J¼9.5 Hz,
H-3), 5.02 (d, 1H, J¼7.6 Hz, H-1), 4.25 (m, 4H, H-6, H-60, OCH2R),
3.88 (dd,1H, J¼7.8, 5.7 Hz, H-5), 2.06 (m,12H, COOCH3), 1.72 (m, 2H,
OCH2CH2R), 1.32 (m, 10H, 5� CH2), 0.87 (t, 3H, J¼6.3 Hz, CH3). 13C
NMR (101MHz, CDCl3) d 170.9, 170.4, 170.2, 169.6 (C]O), 166.0 (C]
O), 144.8, 143.9, 139.1, 122.7 (Cqarom), 113.3 (CHarom), 111.8 (CHarom),
101.4 (C-1), 72.6 (C-3), 72.2 (C-5), 71.5 (C-2), 68.1 (C-4), 65.3
(OCH2R), 61.7 (C-6), 32.0 (CH2), 29.4 (CH2), 29.3 (CH2), 28.9 (CH2),
26.1 (CH2), 22.8 (CH2), 20.9, 20.7, 20.6, 20.5 (COOCH3), 14.20 (CH3).

4.4.4. Decyl 3-O-(2,3,4,6-tetra-O-acetyl-b-D-glucopyranoside)-4,5-
dihydroxybenzoate 40. Compound 33 (920 mg, 1.35 mmol) was
deprotected by following the general procedure. The reaction crude
was purified by flash chromatography (hexane/ethyl acetate from
2:1 to 1:2) affording compound 40 (605mg, 70%); ½a�22D �11.5 (c 1 in
MeOH); dH (300 MHz, MeOD) 7.36 (d, 1H, J¼1.5 Hz, Harom), 7.28 (d,
1H, J¼1.5 Hz, Harom), 5.40 (t, 1H, J¼9.5 Hz, H-3), 5.28e5.22 (m, 2H,
H-1, H-2), 5.14 (t, 1H, J¼9.5 Hz, H-4), 4.33 (dd,1H, J¼6.0 and 12.5 Hz,
H-6), 4.26 (t, 2H, J¼6.5 Hz, OCH2), 4.14 (dd,1H, J¼2.0 and 12.5 Hz, H-
60), 4.07e4.04 (m, 1H, H-5), 2.08, 2.07, 2.05, 2.01 (4 s, 12H, CH3CO),
1.77e1.72 (m, 2H, CH2), 1.45e1.43 (m, 2H, CH2), 1.38e1.31 (m, 12H,
6� CH2), 0.90 (t, 3H, J¼6.5 Hz, CH3); d 13C (62.5 MHz, MeOD) 170.9,
170.2, 170.1, 169.8 (C]O), 166.5 (O]Cbenzoate), 145.7, 144.7, 141.0,
120.5 (Cqarom), 112.0, 111.2 (CHarom), 100.2 (C-1), 72.8 (C-3), 71.8 (C-
5), 71.5 (C-2), 68.3 (C-4), 64.6 (CH2O), 61.7 (C-6), 31.7, 29.3, 29.1,
29.0, 28.5, 25.8, 24.6, 22.3, 19.4, 19.3, 19.2, 13.1 (CH3). HRMS (ESþ)
calcd for C31H44NaO14 (MþNaþ) 663.2629. Found: 663.2629.

4.4.5. Dodecyl 3-O-(2,3,4,6-tetra-O-acetyl-b-D-glucopyranoside)-4,5-
dihydroxybenzoate 41. Compound 34 (264 mg, 0.37 mmol) was
deprotected by following the general procedure. The reaction crude
was purified by flash chromatography (hexane/ethyl acetate from
2:1 to 1:2) affording compound 41 (132 mg, 53%); ½a�22D �6.1 (c 1 in
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CHCl3); 1H NMR (300 MHz, CDCl3) d 7.39 (s, 1H, Harom), 7.23 (s, 1H,
Harom), 5.28 (m, 2H, H-2, H-4), 5.13 (t,1H, J¼9.4 Hz, H-3), 5.03 (d,1H,
J¼7.4 Hz, H-1), 4.18 (m, 4H, H-6, H-60, OCH2R), 3.87 (dd, 1H, J¼7.8,
5.6 Hz, H-5), 2.05 (m, 12H, COOCH3), 1.69 (dd, 2H, J¼13.9, 6.7 Hz,
OCH2CH2R), 1.32 (m, 16H, 8� CH2), 0.85 (t, 3H, J¼6.4 Hz, CH3). 13C
NMR (75 MHz, CDCl3) d 170.9, 170.4, 170.2, 169.6 (C]O), 166.0 (C]
O), 144.8, 143.9139.1, 122.4 (Cqarom), 113.2 (CHarom), 111.0 (CHarom),
101.2 (C-1), 72.5 (C-3), 72.2 (C-5), 71.4 (C-2), 68.1 (C-4), 65.3
(OCH2R), 61.7 (C-6), 31.9 (CH2), 29.7 (CH2), 29.68 (CH2), 29.61 (CH2),
29.40 (CH2), 29.37 (CH2), 28.79 (CH2), 26.09 (CH2), 22.74 (CH2), 20.8,
20.7, 20.6 (COOCH3), 14.17 (CH3). HRMS (ESþ) calcd for
C33H48O14Na, 691.2942. Found; 691.2925.

4.4.6. Hexadecyl 3-O-(2,3,4,6-tetra-O-acetyl-b-D-glucopyranoside)-
4,5-dihydroxybenzoate 42. Compound 35 (222 mg, 0.30 mmol) was
deprotected by following the general procedure. The reaction crude
was purified by flash chromatography (hexane/ethyl acetate from 2:1
to1:2) affording compound42 (169mg, 80%); ½a�22D �2.0 (c1 inCHCl3);
1H NMR (300MHz, CDCl3) d 7.40 (s,1H, Harom), 7.26 (s,1H, Harom), 5.28
(m, 2H,H-2,H-4), 5.14 (t,1H, J¼9.4Hz,H-3), 5.04 (d,1H, J¼7.5Hz,H-1),
4.23 (m, 4H, H-6, H-60, OCH2R), 4.89 (m, 1H, H-5), 2.05 (m, 12H,
COOCH3),1.70 (m, 2H, OCH2CH2R),1.33 (m, 26H,13� CH2), 0.85 (t, 3H,
J¼6.5Hz,CH3).13CNMR(75MHz,CDCl3)d170.9,170.3,170.1,169.5 (C]
O),166.0 (C]O),144.7,143.8,139.1,122.4 (Cqarom),113.2 (CHarom),111.2
(CHarom), 101.2 (C-1), 72.4 (C-3), 72.1 (C-5), 71.4 (C-2), 68.0 (C-4), 65.2
(OCH2R), 61.6 (C-6), 31.9, 29.8, 29.7, 29.5, 29.4, 29.3, 29.2, 28.9, 26.0,
22.7 (CH2), 20.9, 20.7, 20.6, 20.5 (COOCH3), 14.1 (CH3). HRMS (ESþ):
mass calculated for C37H56O14Na 747.3568. Found; 747.3622.

4.4.7. Octadecyl 3-O-(2,3,4,6-tetra-O-acetyl-b-D-glucopyranoside)-
4,5-dihydroxybenzoate 43. Compound 36 (200 mg, 0.25 mmol) was
deprotected by following the general procedure. The reaction crude
was purified by flash chromatography (hexane/ethyl acetate from
2:1 to 1:1) affording compound 43 (158 mg, 83%); ½a�22D þ0.2 (c 1 in
CHCl3); 1H NMR (300 MHz, CDCl3) d 7.39 (s, 1H, Harom), 7.24 (s, 1H,
Harom) 5.28 (m, 2H, H-2, H-4), 5.13 (t, 1H, J¼9.4 Hz, H-3), 5.03 (d, 1H,
J¼7.4 Hz, H-1), 4.21 (m, 4H, H-6, H-60, COOCH2R), 3.88 (m, 1H, H-5),
2.05 (m, 12H, COOCH3), 1.70 (m, 2H, COOCH2CH2R), 1.32 (m, 30H,
CH2), 0.85 (t, 3H, J¼6.6 Hz, CH3). 13C NMR (75 MHz, CDCl3) d 170.9,
170.4, 170.2, 169.6 (C]O), 166.1 (C]O), 144.8, 143.9, 139.1, 122.4
(Cqarom), 113.2 (CHarom), 111.0 (CHarom), 101.19 (C-1), 72.5 (C-3), 72.3
(C-5), 71.4 (C-2), 68.1 (C-4), 65.3 (OCH2R), 61.7 (C-6), 32.0 (CH2),
29.76 (CH2), 29.73 (CH2), 29.69 (CH2), 29.64 (CH2), 29.42 (CH2),
29.39 (CH2), 28.80 (CH2), 26.10 (CH2), 22.75 (CH2), 20.64, 20.61,
20.60, 20.58 (COOCH3), 14.18 (CH3). HRMS (ESþ): mass calculated
for C39H60O14Na (MþNa); 775.3881. Found; 775.3942.

4.4.8. Butyl 3-O-(methyl-2,3,4-tri-O-acetyl-b-D-glucopyranosyluro-
nate)-4,5-dihydroxybenzoate 47. Compound 44 (242 mg, 0.41 mmol)
was deprotected by following the general procedure. The reaction
crude was purified by flash chromatography (hexane/ethyl acetate
from 2:1 to 1:2) affording compound 47 (180mg, 81%); ½a�22D �17.0 (c
1 in CHCl3); 1H NMR (300 MHz, CDCl3) d 7.36 (s, 1H, Harom), 7.20 (s,
1H, Harom), 7.06, 5.87 (2br s, 2H, OH), 5.31e5.19 (m, 3H, H-2, H-3, H-
4), 5.03 (d,1H, J¼7.47 Hz, H-1), 4.19 (t, 2H, J¼6.5 Hz, COOCH2), 4.13 (d,
1H, J¼9.0 Hz, H-5), 3.68 (s, 3H, COOCH3), 2.05,1.99 (s s, 9H, O]CCH3),
1.67e1.60 (m, 2H, CH2), 1.41e1.30 (m, 2H, CH2), 0.89 (t, 3H, J¼7.5 Hz,
CH3). 13C NMR (101MHz, CDCl3) d 170.1, 170.0,169.6, 167.1, 166.0 (C]
O), 145.1, 143.7, 139.7, 122.3 (Carom), 113.4, 111.8 (Carom), 101.2 (C-1),
72.3 (C-5), 71.3, 71.1, 68.9 (C-2, C-3, C-4), 64.9 (COOCH2R), 53.2
(OCH3), 30.7 (CH2), 20.6, 20.5 20.4 (COOCH3), 19.2 (CH2), 13.7 (CH3).
HRMS (ESþ) calcd for C24H30NaO14 (MþNaþ) 565.1533. Found:
565.1539.

4.4.9. Octyl 3-O-(methyl-2,3,4-tri-O-acetyl-b-D-glucopyranosyluro-
nate)-4,5-dihydroxybenzoate 48. Compound 45 (72 mg, 0.11 mmol)
was deprotected by following the general procedure. The reaction
crude was purified by flash chromatography (hexane/ethyl acetate
from 2:1 to 1:2) affording compound 48 as an oil (44 mg, 65%); ½a�22D
�12.5 (c 1 in CHCl3); 1H NMR (400 MHz, CDCl3) d 7.45 (d, 1H,
J¼1.8 Hz, Harom), 7.16 (d, 1H, J¼1.8 Hz, Harom), 7.11, 5.77 (2br s, 2H,
OH), 5.41e5.31 (m, 3H, H-2, H-3, H-4), 5.10 (d, 1H, J¼7.12 Hz, H-1),
4.26 (t, 2H, J¼6.6 Hz, COOCH2), 4.20 (d,1H, J¼9.6 Hz, H-5), 3.78 (s, 3H,
COOCH3), 2.15, 2.08, 2.07 (3 s,12H, O]CCH3),1.78e1.71 (m, 2H, CH2),
1.46e1.25 (m, 10H, 5� CH2), 0.90 (t, 3H, J¼7.5 Hz, CH3). 13C NMR
(101 MHz, CDCl3) d 170.0, 169.9, 169.5, 167.0, 165.9 (C]O), 145.1,
143.6, 139.6, 122.6 (Carom), 113.4, 112.2 (Carom), 101.6 (C-1), 72.4 (C-5),
71.2, 71.1, 68.9 (C-2, C-3, C-4), 65.2 (COOCH2R), 53.2 (OCH3), 31.8,
29.3, 29.2, 28.7, 26.0, 22.6 (CH2) 20.7, 20.6 20.5 (COOCH3), 14.1 (CH3).
HRMS (ESþ) calcd for C28H38NaO14 (MþNaþ) 621.2159. Found:
621.2140.

4.4.10. Hexadecyl 3-O-(methyl-2,3,4-tri-O-acetyl-b-D-glucopyr-
anosyluronate)-4,5-dihydroxybenzoate 49. Compound 46 (337 mg,
0.45 mmol) was deprotected by following the general procedure.
The reaction crude was purified by flash chromatography (hexane/
ethyl acetate from 2:1 to 1:1) affording compound 49 as an oil
(200 mg, 62%); ½a�22D �9.4 (c 1 in CHCl3); 1H NMR (300 MHz, CDCl3)
d 7.19 (s, 1H, Harom), 7.05 (s, 1H, Harom), 6.92, 5.77 (2br s, OH),
5.18e5.04 (m, 3H, H-2, H-3, H-4), 4.89 (d, 1H, J¼7.5 Hz, H-1),
4.04e3.97 (m, 3H, H-5, OCH2), 3.52 (s, 3H, COOCH3), 1.90, 1.83, 1.82
(3 s, 12H, O]CCH3), 1.52e1.45 (m, 2H, CH2), 1.23e1.00 (m, 26H, 13�
CH2), 0.65 (t, 3H, J¼7.5 Hz, CH3). 13C NMR (75 MHz, CDCl3) d 170.0,
169.9, 169.5, 167.0, 165.9 (C]O), 145.0, 143.7, 139.6, 122.5 (Carom),
113.4, 112.0 (Carom), 101.4 (C-1), 72.3 (C-5), 71.3, 71.1, 68.9 (C-2, C-3,
C-4), 65.2 (COOCH2R), 53.2 (OCH3), 31.9, 29.7, 29.6, 29.5, 29.45, 29.4,
29.3, 29.2 28.7, 26.0, 22.7(CH2), 20.6, 20.5 (COOCH3), 14.1 (CH3).
HRMS (ESþ) calcd for C36H54NaO14 (MþNaþ) 733.3411. Found:
773.3398.

4.5. General procedure for acetyl deprotection

Compounds 37e43 and 47e49 were dissolved in methanol
(2 mL for each 100mg) and Na2CO3 (0.3 equiv) was then added. The
reactionmixture was stirred for 1 h andwhen starting material had
disappeared, IR-120 was then added until pH¼7. The reaction
mixture was then filtered and solvents removed to afford com-
pounds 11e20 in high yields.

4.5.1. Butyl 3-O-(b-D-glucopyranosyl)-4,5-dihydroxybenzoate
11. Compound 37 (289 mg, 0.52 mmol) was deprotected by fol-
lowing the general procedure affording compound 11 (200 mg,
quantitative); ½a�22D �53.0 (c 1 in MeOH); dH (300 MHz, MeOD) 7.19
(d, 1H, J¼1.9 Hz, Harom), 7.02 (d, 1H, J¼1.9 Hz, Harom), 4.61 (d, 1H,
J¼6.6 Hz, H-1), 4.08 (t, 2H, J¼6.6 Hz, OCH2), 3.70 (m, 1H, H-6), 3.57
(dd, 1H, J¼4 and 12.3 Hz, H-60), 3.32e3.25 (m, 3H, H-2, H-3, H-4),
3.09e3.08 (m, 1H, H-5), 1.52e1.43 (m, 2H, CH2), 1.27e1.19 (m, 2H,
CH2), 0.75 (t, 3H, J¼7.35 Hz, CH3); d 13C (62.5 MHz, MeOD) 166.8
(O]Cbenzoate), 145.4, 145.3, 140.2, 120.6, 111.8, 110.3 (Carom), 102.6
(C-1), 76.8 (C-3), 76.1 (C-5), 73.4 (C-2), 69.6 (C-4), 64.4 (CH2O), 60.7
(C-6), 30.5, 18.9 (CH2), 12.8 (CH3). HRMS (ESþ) calcd for
C17H24NaO10 (MþNaþ) 411.1267. Found: 411.1263.

4.5.2. Hexyl 3-O-(b-D-glucopyranosyl)-4,5-dihydroxybenzoate
12. Compound 38 (293 mg, 0.52 mmol) was deprotected by fol-
lowing the general procedure affording compound 12 (200 mg,
96%); ½a�22D �53.6 (c 1 in MeOH); dH (400 MHz, MeOD) 7.44 (d, 1H,
J¼2.0 Hz, Harom), 7.25 (d, 1H, J¼2.0 Hz, Harom), 4.84 (d, 1H, J¼6.6 Hz,
H-1), 4.24 (t, 2H, J¼6.6 Hz, OCH2), 3.91 (dd,1H, J¼2.2 ans 12.2 Hz, H-
6), 3.79 (dd, 1H, J¼4.48 and 12.2 Hz, H-60), 3.55e3.45 (m, 3H, H-2,
H-3, H-4), 3.34e3.32 (m, 1H, H-5), 1.77e1.70 (m, 2H, CH2),
1.48e1.33 (m, 6H, 3� CH2), 0.92 (t, 3H, J¼6.88 Hz, CH3); d 13C
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(100 MHz, MeOD) 166.8 (O]Cbenzoate), 145.4, 145.4, 140.3, 120.6,
111.8, 110.4 (Carom), 102.9 (C-1), 76.8 (C-3), 76.2 (C-5), 73.4 (C-2),
69.6 (C-4), 64.7 (CH2O), 60.8 (C-6), 31.3, 31.2, 28.4, 25.5, 22.3 (CH2),
13.0 (CH3). HRMS (ESþ) calcd for C19H28NaO10 (MþNaþ) 439.1580.
Found: 439.1589.

4.5.3. Octyl 3-O-(b-D-glucopyranosyl)-4,5-dihydroxybenzoate
13. Compound 39 (53 mg, 0.09 mmol) was deprotected by fol-
lowing the general procedure affording compound 13 (38 mg,
quantitative); ½a�22D �53.8 (c 1 in MeOH); dH (400 MHz, MeOD) 7.44
(d, 1H, J¼2.0 Hz, Harom), 7.25 (d, 1H, J¼2.0 Hz, Harom), 4.87 (br s, 1H,
H-1), 4.25 (t, 2H, J¼6.6 Hz, OCH2), 3.92e3.80 (m, 2H, H-6, H-60),
3.52e3.45 (m, 4H, H-2, H-3, H-4, H-5), 1.76e1.73 (m, 2H, CH2),
1.45e1.32 (m, 10H, 5� CH2), 0.90 (t, 3H, J¼6.88 Hz, CH3); d 13C
(100 MHz, MeOD) 166.1 (O]Cbenzoate), 146.9, 146.8, 141.6, 122.0,
113.2, 111.8 (Carom), 104.3 (C-1), 78.2 (C-3), 77.5 (C-5), 74.8 (C-2),
70.9 (C-4), 66.0 (CH2O), 62.1 (C-6), 32.9, 30.4, 30.3, 29.8, 27.2, 23.7
(CH2), 14.4 (CH3). HRMS (ESþ) calcd for C21H32NaO10 (MþNaþ)
467.1893. Found: 467.1922.

4.5.4. Decyl 3-O-(b-D-glucopyranosyl)-4,5-dihydroxybenzoate
14. Compound 40 (320 mg, 0.5 mmol) was deprotected by fol-
lowing the general procedure affording compound 14 (175 mg,
75%); ½a�22D �33.3 (c 1 in MeOH); dH (300 MHz, MeOD) 7.25 (d, 1H,
J¼1.5 Hz, Harom), 7.05 (d, 1H, J¼1.5 Hz, Harom), 4.58 (d, 1H, J¼6.6 Hz,
H-1), 4.08 (t, 2H, J¼6.6 Hz, OCH2), 3.80 (m, 1H, H-6), 3.65 (dd, 1H,
J¼3.9 and 12.0 Hz, H-60), 3.36e3.25 (m, 4H, H-2, H-3, H-4, H-5),
1.65e1.58 (m, 2H, CH2), 1.33e1.20 (m, 14H, 7� CH2), 0.90 (t, 3H,
J¼6.5 Hz, CH3); d 13C (62.5 MHz, MeOD) 166.8 (O]Cbenzoate), 145.4,
111.8, 110.5 (Carom), 102.9 (C-1), 76.9 (C-3), 76.2 (C-5), 73.4 (C-2),
69.6 (C-4), 64.6 (CH2O), 60.8 (C-6), 31.7, 29.3, 29.1, 29.0, 28.4, 25.8,
22.3, 13.1 (CH3). HRMS (ESþ) calcd for C23H36NaO10 (MþNaþ)
495.2206. Found: 495.2216.

4.5.5. Dodecyl 3-O-(b-D-glucopyranosyl)-4,5-dihydroxybenzoate
15. Compound 41 (111 mg, 0.16 mmol) was deprotected by fol-
lowing the general procedure affording compound 15 (83 mg,
quantitative); ½a�22D �8.0 (c 1 in MeOH); dH (300 MHz, MeOD) 7.20
(d, 1H, J¼1.8 Hz, Harom), 7.02 (d, 1H, J¼1.8 Hz, Harom), 4.60 (d, 1H,
J¼6.9 Hz, H-1), 4.01 (t, 2H, J¼6.8 Hz, OCH2), 3.69e3.58 (m, 1H, H-6),
3.56 (dd, 1H, J¼4.1 and 12.0 Hz, H-60), 3.33e3.24 (m, 4H, H-2, H-3,
H-4, H-5), 1.54e1.47 (m, 2H, CH2), 1.27e1.01 (m, 20H,10� CH2), 0.67
(t, 3H, J¼6.2 Hz, CH3); d 13C (62.5 MHz, MeOD) 166.8 (O]Cbenzoate),
145.5, 140.2, 120.6, 111.8, 110.4 (Carom), 102.9 (C-1), 76.8 (C-3), 76.2
(C-5), 73.4 (C-2), 69.6 (C-4), 64.6 (CH2O), 60.8 (C-6), 31.7, 29.5, 29.4,
29.3, 29.2, 29.1, 29.0, 28.9, 28.4, 25.8, 22.3 (CH2), 13.1 (CH3). HRMS
(ESþ) calcd for C25H40NaO10 (MþNaþ) 523.2519. Found: 523.2484.

4.5.6. Hexadecyl 3-O-(b-D-glucopyranosyl)-4,5-dihydroxybenzoate
16. Compound 42 (180 mg, 0.20 mmol) was deprotected by fol-
lowing the general procedure affording compound 16 (111 mg,
quantitative); ½a�22D �25.9 (c 1 in MeOH); dH (300 MHz, MeOD) 7.43
(d, 1H, J¼1.92 Hz, Harom), 7.26 (d, 1H, J¼1.92 Hz, Harom), 4.90 (br s,
1H, H-1), 4.24 (t, 2H, J¼6.4 Hz, OCH2), 3.93e3.84 (m, 1H, H-6), 3.80
(dd, 1H, J¼4.0 and 12.0 Hz, H-60), 3.57e3.42 (m, 4H, H-2, H-3, H-4,
H-5), 1.80e1.73 (m, 2H, CH2), 1.49e1.23 (m, 26H, 13� CH2), 0.90 (t,
3H, J¼6.2 Hz, CH3); d 13C (62.5 MHz, MeOD) 166.8 (O]Cbenzoate),
145.5, 145.4, 140.2, 120.6, 111.8, 110.4 (Carom), 102.9 (C-1), 76.8 (C-3),
76.1 (C-5), 73.4 (C-2), 69.6 (C-4), 64.6 (CH2O), 60.7 (C-6), 31.7, 29.6,
29.5, 29.4, 29.3, 29.2, 29.1, 29.0, 28.4, 25.8, 22.3 (CH2), 13.1 (CH3).
HRMS (ESþ) calcd for C29H48NaO10 (MþNaþ) 579.3145. Found:
579.3142.

4.5.7. Octadecyl 3-O-(b-D-glucopyranosyl)-4,5-dihydroxybenzoate
17. Compound 43 (147 mg, 0.19 mmol) was deprotected by the
following general procedure affording compound 17 (112 mg, 98%);
dH (300 MHz, MeOD) 7.44 (s, 1H, Harom), 7.26 (s, 1H, Harom), 4.87 (br
s, 1H, H-1), 4.24 (m, 2H, OCH2), 3.90e3.80 (m, 2H, H-6, H-60),
3.57e3.45 (m, 4H, H-2, H-3, H-4, H-5), 1.76 (m, 2H, CH2), 1.46e1.15
(m, 30H, 15� CH2), 0.90 (m, 3H, CH3); d 13C (75 MHz, CDCl3) 166.8
(O]Cbenzoate), 145.5, 145.4, 140.2, 120.6, 111.8, 110.4 (Carom), 103.0
(C-1), 76.9 (C-3), 76.2 (C-5), 73.4 (C-2), 69.6 (C-4), 64.6 (CH2O), 60.8
(C-6), 31.7, 29.4, 29.5, 29.3, 29.2, 29.1, 29.0, 28.5, 25.8, 22.3 (CH2),
13.0 (CH3). HRMS (ESþ) calcd for C31H52NaO10 (MþNaþ) 607.3458.
Found: 607.3455.

4.5.8. Butyl 3-O-(b-D-glucopyranosyluronate)-4,5-dihydroxyben-
zoate 18. Compound 47 (150 mg, 0.22 mmol) was deprotected by
the following the general procedure. Reaction crude was purified
by RP-C18 with MeOH/H2O affording compound 18 (65 mg, 74%);
½a�22D �85.0 (c 1 in MeOH); 1H NMR (300 MHz, MeOD) d 7.28 (s, 1H,
Harom), 7.17 (s, 1H, Harom), 4.87 (d, 1H, J¼7.0 Hz, H-1), 4.17 (t, 2H,
J¼6.5 Hz, OCH2), 3.79 (m, 1H, H-5), 3.57e3.52 (m, 3H, H-2, H-4, H-
3), 1.66e1.57 (m, 2H, CH2), 1.37e1.30 (m, 2H, CH2), 0.82 (t, 3H,
J¼7.2 Hz, CH3). 13C NMR (101 MHz, MeOD) d 175.5, 169.5 (C]O),
146.6,112.2,111.4,110.8 (Carom),102.0 (C-1), 761, 75.2, 72.7, 71.7, 65.2
(OCH2R), 30.0 (CH2), 18.7 (CH2), 13.0 (CH3). HRMS (ESþ) calcd for
C17H22NaO11 (MþNaþ) 425.1060. Found: 425.1065.

4.5.9. Octyl 3-O-(b-D-glucopyranosyluronate)-4,5-dihydroxyben-
zoate 19. Compound 48 (101 mg, 0.17 mmol) was deprotected by
following the general procedure affording compound 19 (81 mg,
88%); ½a�22D �16.0 (c 1 in MeOH); 1H NMR (400 MHz, MeOD) d 7.22
(d, 1H, J¼2.0 Hz, Harom), 7.09 (d, 1H, J¼2.0 Hz, Harom), 4.73 (d, 1H,
J¼7.6 Hz, H-1), 4.06 (t, 2H, J¼6.5 Hz, OCH2), 3.83 (d, 1H, J¼9.6 Hz, H-
5), 3.51e3.35 (m, 3H, H-2, H-3, H-4), 1.60e1.53 (m, 2H, CH2),
1.32e1.10 (m, 10H, 5� CH2), 0.72 (t, 3H, J¼7.0 Hz, CH3). 13C NMR
(101 MHz, MeOD) d 172.0, 168.0 (C]O), 146.9, 146.5, 141.7, 122.0,
113.4, 111.8 (Carom), 104.3 (C-1), 76.9, 76.7, 74.4, 72.9 (C-5, C-2, C-3,
C-4), 66.2 (OH2R), 32.9, 30.2, 29.7, 29.6, 27.0, 23.6 (CH2), 14.4 (CH3).
HRMS (ESþ) calcd for C21H30NaO11 (MþNaþ) 481.1686. Found:
481.1695.

4.5.10. Hexadecyl 3-O-(b-D-glucopyranosyluronate)-4,5-
dihydroxybenzoate 20. Compound 49 (164 mg, 0.23 mmol) was
deprotected by following the general procedure to afford com-
pound 20 (105 mg, 79%); ½a�22D �3.3 (c 1 in MeOH/CHCl3 1/1); 1H
NMR (300 MHz, CDCl3) d 7.19 (s, 1H, Harom), 7.05 (s, 1H, Harom), 6.92,
5.77 (2 br s, OH), 5.18e5.04 (m, 3H, H-2, H-3, H-4), 4.89 (d, 1H,
J¼7.5 Hz, H-1), 4.04e3.97 (m, 3H, H-5, OCH2), 3.52 (s, 3H, COOCH3),
1.90, 1.83, 1.82 (3 s, 12H, O]CCH3), 1.52e1.45 (m, 2H, CH2),
1.23e1.00 (m, 26H, 13� CH2), 0.65 (t, 3H, J¼7.5 Hz, CH3). 13C NMR
(75 MHz, CDCl3) d 170.0, 169.9, 169.5, 167.0, 165.9 (C]O), 145.0,
143.7, 139.6, 122.5 (Carom), 113.4, 112.0 (Carom), 101.4 (C-1), 72.3 (C-
5), 71.3, 71.1, 68.9 (C-2, C-3, C-4), 65.2 (COOCH2R), 53.2 (OCH3), 31.9,
29.7, 29.6, 29.5, 29.45, 29.4, 29.3, 29.2 28.7, 26.0, 22.7(CH2), 20.6,
20.5 (COOCH3), 14.1 (CH3). HRMS (ESþ) calcd for C29H46NaO11
(MþNaþ) 593.2938. Found: 593.2945.

4.6. Surface tension and CMC determination

Surface tension measurements were performed at 23 �C by
means of the Wilhelmy plate method in a Kr€uss K12 tensiometer.
Samples were prepared by successive dilutions of an initial con-
centrated solution. Prior to each surface tension measurement,
samples were left 30 min in repose to attain the equilibrium. The
possible aggregation properties of the gallate derivatives were
evidenced from the adsorption isotherms obtained when surface
tension is plotted graphically against the logarithm of the con-
centration. The typical surfactant profile consists of a linear de-
crease of the surface tension when the compound concentration
increases, followed by a surface tension stabilization when the
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concentration corresponding to the saturation of the interface is
attained. The intersection of the two linear portions in the graph
determines the CMC.
4.7. Determination of HLB values

The HLB values were calculated following the equation de-
scribed by Griffin59 for non-ionic surfactants. HLB¼20(hydrophilic
group molecular weight)/(surfactant molecular weight).
4.8. Calculation of aggregation parameters

The area occupied per molecule adsorbed at the saturated
water-air interface (in �A2) can be obtained from the equation:
A¼1016/NA Gmax, whereNA is the Avogadro’s number and Gmax is the
adsorption at the saturated interface expressed in mol/cm2, calcu-
lated according to the Gibbs equation: Gmax¼�(Dg/Dlog C)/
2.303nRT, where n is the number of molecular species in solution
(n¼1 for non-ionic compounds as in our case) and (Dg/Dlog C) is
the slope of the linear portion of the graph before the CMC.
4.9. DPPH� radical scavenging assay

Measurement of DPPH� radical scavenging activity was per-
formed according to reported recommendations.60 Conditions
consist in approximately 20 min reaction period and a molar ratio
between DPPH� and antioxidant that permits 60e80% radical
scavenging activity for the most potent antioxidant. Briefly, 2,2-
diphenyl-1-picrylhydrazyl (DPPH�) in ethanol (250 mM, 2 mL) was
added to 2 mL of the test compounds at different concentrations in
ethanol. The final concentrations of the test compounds in the re-
action mixtures were 0.5, 5, 10, 25 and 50 mM. Each mixture was
then shaken vigorously and held for 30 min at room temperature in
the dark. The decrease in absorbance of DPPH� at 517 nm was
measured. Ethanol was used as a blank solution. DPPH� ethanol
solution (2 mL) served as the control. All tests were performed in
triplicate. A doseeresponse curve was obtained for each com-
pound. ED50 corresponds to either micrograms or micromoles of
product able to consume half the amount of free radical divided by
micromoles of initial DPPH�. The results are expressed as antiradical
power (ARP), or 1/ED50.
4.10. Reducing power of the phenolic Compounds

FRAP (Ferric Reducing/Antioxidant Power) method was used by
adaptation of the procedure of Benzie and Strain.61 The FRAP re-
agent was prepared daily by mixing sodium acetate buffer 300 mM
(pH 3.6), 2,4,6-tripyridyl-s-triazine (TPTZ) 10 mM and ferric chlo-
ride 20 mM, in the ratio 10:1:1, respectively. TPTZ solution was
prepared in HCl 40 mM. 1.5 mL of FRAP reagent were incubated for
10min at 37 �C. Then,150 mL of water and 50 mL of phenolic solution
(0.2e4 mg/L) were added and the absorbance was measured at
593 nm after 4 min. The standard curve was built with ferrous
chloride. The number of donated electrons was calculated from the
slopes of the lineal adjustments between the phenolic concentra-
tion and the FRAP activity.
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