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A series of Trolox amide derivatives were synthesized by modifying the carboxyl groups of
Trolox. Thirty target compounds were obtained and characterized through nuclear magnetic
resonance and mass spectrometry. Trolox derivatives were employed to explore the potential
structure-antioxidant activity relationships. The antioxidant activities of these compounds were
evaluated using 1,1-diphenyl-2-picrylhydrazyl (DPPH), 2,2'-azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid) (ABTS), ferric reducing antioxidant power (FRAP) and hydroxyl radical
assays. DPPH scavenging activity test results illustrated that compounds exhibited scavenging
activities similar to L-ascorbic acid and Trolox, with compounds 14a, 18a, 24a and 26a in
particular exhibiting higher scavenging activities than L-ascorbic acid. The results demonstrated
that compounds displayed ABTS scavenging activities similar to L-ascorbic acid and Trolox,
with compounds 26a and 29a in particular having potency twofold higher. FRAP assay results
indicated that compounds 11a, 19a, 25a, 29a and 30a had activity similar to Trolox. The results
revealed that compounds 6a and 19a had similarly high hydroxyl radical-scavenging activities as
Trolox. The results of a-glucosidase experiments uncovered that compounds 10a, 25a, 28a and
29a had excellent inhibitory activity, which was similar to that of acarbose and different from
Trolox. The results of acetylcholinesterase and butyrylcholinesterase experiments demonstrated
that some compounds had weak anticholinesterase activities. 26a and 29a are important Trolox
derivatives with better biological activity profiles and deserve further study.

Keywords: Trolox derivative. Antioxidant activity. Hypoglycemic activity. Anticholinesterase
activity.

INTRODUCTION

a-Tocopherol (vitamin E) is one of the most effective
antioxidants in living organisms. It is a chain-breaking
radical scavenger and the first line of defense against lipid
peroxidation in biofilms, (Brigelius-Flohe, Traber,1999)
and it plays an important role in the treatment of oxidative
stress-related diseases, as demonstrated in multiple
clinical studies (Tucker, Townsend, 2005). Considering
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its powerful antioxidant effects, vitamin E is an ideal
structure for developing excellent antioxidants. Trolox
(compound 1) is a representative vitamin E derivative
in which the long alkyl chain has been removed. The
antioxidant functional group is retained, and it has
a certain water solubility because of the presence of
carboxyl groups. Thus, it is used widely. In particular, 1 is
often used as a positive control to measure the antioxidant
capacity of other antioxidants (Zang et al., 2018). By
reducing oxidative stress, 1 can increase wound healing
(Vergauwen et al., 2015), reverse manganese-induced
neurodevelopmental damage (Cordova et al., 2013), protect
the hippocampal nerve after ischemia-reperfusion injury
(Sarveazad et al., 2016), improve arthritis symptoms
(Ponist et al., 2015), and prevent cigarette smoke-induced
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lung damage (Messier et al., 2013). 1 can reduce the
hemolysis of frozen red blood cells (Czubak et al., 2015),
improve the quality of frozen semen (Varo-Ghiuru et al.,
2015), and protect cold ovarian tissue (Brito et al., 2014). 1
can inhibit glioblastoma growth (Monticone et al., 2014).
It is toxic to cancer cells such as breast and ovarian cancer
cells (Miclea et al., 2015; Zakharova et al., 2016), and
it inhibits breast cancer metastasis (Lee ef al., 2014). In
addition, 1 can also improve pig embryo development
(Lee et al., 2015) and enhance follicular survival rates
after monkey ovarian transplantation (Scalercio et al.,
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2015), regulate immunity (Slovak et al., 2016), and treat
type 2 diabetes (Jin et al., 2014).

However, research on Trolox amide derivatives
is scant. In this paper, 1 was used as a raw material
to design and synthesize a series of Trolox amide
derivatives. Considering the biological activities of 1,
we assayed the antioxidant (DPPH and ABTS, FRAP, and
hydroxyl radical assays), a-glucosidase inhibition, and
cholinesterase inhibition activities (acetylcholinesterase
[AChE] and butyrylcholinesterase [ BChE] inhibition
assays) of the derivatives.
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SCHEME 1 - Synthesis of compounds 3a—32a
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RESULTS AND DISCUSSION
Synthesis

The most common method for creating an amide
bond is the use of carbodiimide condensing agents
such as dicyclohexylcarbodiimide and 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide hydrochloride.
The use of a condensing agent generally requires the
addition of an acylation catalyst or an activator such as
4-dimethylaminopyridine or 1-hydroxybenzotriazole.
One disadvantage of the reaction is the formation of urea,
which is difficult to remove. N-Hydroxysuccinimide can
also form an intermediate smoothly, but the intermediate
requires purification. Therefore, N,N'-carbonyldiimidazole
was used in the current study to react with carboxylic acid
to obtain a highly active acyl imidazole. An amine was
added directly, and the mixture was reacted for 12 h to
obtain the target compound. The reaction was rapid, and
the next reaction was conducted without purification.

Biological Activities
DPPH Assay

The radical scavenging activities of 3a—32a in
comparison with L-Ascorbic acid and 1 as determined
using DPPH assays are shown in Table I. The compounds
exhibited antioxidant capacity with IC, values of 5.2—
8.7 uM, versus 9.8 uM for L-ascorbic acid. In addition,
14a, 18a, 24a and 26a (IC, = 5.2-6.6 uM) had better
activity than L-ascorbic acid. The experimental results for
3a—13a illustrated that alkyl substituents did not change
antioxidant capacity. Compared with the activity of Sa,
the data for 16a and 18a demonstrated that hydroxyl
and methoxyl substituents did not change antioxidant
capacity. The experimental results for 19a—23a indicated
that cycloalkyl substituents did not change antioxidant
capacity, and there was no difference in antioxidant

Braz. J. Pharm. Sci. 2022;58: ¢18887

capacity according to ring size. The experimental results
for 24a and 26a revealed that phenyl and hydroxyphenyl
substituents are beneficial.

ABTS Assay

The ABTSe" assay is widely used to measure the
radical-scavenging activity of antioxidants. The radical
scavenging activities of 3a—32a in comparison with
L-ascorbic acid and 1 as determined using ABTSe"
assays are shown in Table I. The compounds exhibited
antioxidant capacity with IC, values of 11.4-27.2 uM,
versus 28.6 uM for L-ascorbic acid. As shown in Table
I, 26a (IC,, = 11.4 uM) and 29a (IC,, = 12.7 uM) were
potent ABTSe" scavengers. The experimental results for
3a—13a illustrated that alkyl substituents did not increase
antioxidant capacity. Compared with the results for 28a,
29a with a 2-substituted naphthalene ring had the higher
antioxidant activity.

FRAP Assay

The results for the reducing power of 3a—32a
as evaluated using the FRAP assay (expressed as in
millimoles of Fe (II) per gram) in comparison with
L-ascorbic acid and 1 are summarized in Table I. The
experimental results for 3a—13a illustrated that alkyl
substituents did not increase antioxidant capacity.
Compared with the results for 28a, 29a with a
2-substituted naphthalene ring had the highest reducing
power.

Hydroxyl Radical Assay

The radical scavenging activities of 3a—32a in
comparison with 1 as determined using hydroxyl
radical assays are shown in Table I. 6a and 19a exhibited
similarly potent hydroxyl radical-scavenging activity
(IC,,= 716.0-733.3 uM) as 1 (IC ;= 670.1 uM).
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TABLE | - Antioxidant activity of compounds 3a—32a

Compd. DPPH IC, (uM) ABTS IC, (0M) FRAP/(mmol-g™) ‘OH IC, (1M)
3a 7.3+0.1 23.5+0.4 30.8+0.7 752.3+4.9
4a 7.6+0.1 21.4+0.2 30.2+0.9 851.1+14.9
S5a 8.2+0.1 19.3£0.4 32.6+0.5 830.4+£7.4
6a 7.9+0.2 20.5+0.6 31.7+0.2 733.3£2.0
Ta 7.1+0.1 21.2+0.5 30.2+0.4 >1000
8a 7.7+0.1 18.3£0.3 33.6+0.4 955.1£13.8
9a 8.0+0.1 19.1+0.2 29.7+0.9 >1000
10a 8.6+0.2 24.0+0.5 30.1+0.9 891.3+4.2
11a 7.7£0.0 18.0+0.2 34.7+0.8 824.7+9.9
12a 8.1£0.1 18.2+0.4 31.7+0.6 >1000
13a 8.7+0.1 17.6+0.2 32.4+0.5 989.3+14.4
14a 5.2+0.1 19.7£0.4 29.5+0.2 >1000
15a 7.8+£0.0 21.9+0.6 30.6+0.8 >1000
16a 7.2+0.1 16.8+0.4 31.5+0.5 878.0+13.9
17a 7.6+0.1 17.1£0.1 32.6+0.3 976.6+11.8
18a 6.6+0.2 23.0+0.3 32.1+0.7 985.6£16.3
19a 7.5+0.0 17.5+0.4 35.6£1.0 716.0+10.1
20a 8.0+0.1 25.6+0.2 26.940.3 905.5+24.6
21a 7.5+0.1 18.9+0.4 30.6+0.8 833.5+12.9
22a 7.5+0.1 24.7+0.3 27.4+0.1 983.3£18.7
23a 7.6+0.0 24.0+0.3 30.5+0.5 >1000
24a 5.240.1 27.2+0.1 30.8+0.4 >1000
25a 7.1+0.1 17.3+0.3 34.7+0.7 >1000
26a 6.1£0.1 11.4+0.3 30.6+0.2 >1000
27a 7.5+0.1 23.2+0.5 28.7+0.1 >1000
28a 7.7+£0.2 24.2+0.1 27.9+0.8 >1000
29a 8.4+0.1 12.7+£0.3 40.3+1.0 >1000
30a 8.1+0.1 17.0+0.1 34.6+0.7 779.3£11.6
31a 7.7+0.1 23.7+0.1 31.3+04 875.3£13.8
32a 7.7£0.1 19.4+0.3 30.7+0.4 >1000

L-Ascorbic acid 9.8+0.0 28.6+0.4 30.9+0.8 N.T.
1 7.0+£0.0 21.8+0.5 34.5+0.9 670.1+6.4

N.T. indicates not test.
a-Glucosidase Inhibition Assay
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The results for the a-glucosidase inhibition activities
of 3a—32a as evaluated using the a-glucosidase inhibition
assay in comparison with 1 and acarbose are summarized
in Table II. The experimental results for 24a—29a indicated
that aryl substituents are beneficial. The a-glycosidase
inhibition activity of 29a was closest to that of acarbose
and significantly superior to that of 1. 10a, 25a—26a and
28a also had excellent inhibition activity.

AChE Inhibition Assay

The AChE activities of 3a—32a in comparison with
1 and donepezil as determined using AChE Inhibition

assays are shown in Table II. 3a—4a, 9a, 14a, 26a,
29a-32a exhibited weaker AChE inhibition activities
than donepezil.

BChE Inhibition Assay

The BChE activities of 3a—32a in comparison with
1 and donepezil as determined using BChE inhibition
assays are shown in Table II. 3a—4a, 6a, 8a, 26a,
29a-30a, 32a exhibited weaker BChE inhibition activities
than donepezil.

TABLE Il - Hypoglycemic activity, anticholinesterase activity of compounds 3a-32a

Compd. a-Glucosidase 1C_ (uM) AchE IC, (uM) BchE IC_ (uM)
3a >800 876.5+13.9 723.2+8.6
4a >800 690.2+7.6 796.5+18.9
5a >800 >1000 >1000
6a >800 >1000 980.2+19.3
7a 283.5+4.4 >1000 >1000
8a 645.2+7.2 >1000 845.2+17.1
9a 286.3+6.1 912.1+8.9 >1000
10a 199.3+0.8 >1000 >1000
11a >800 >1000 >1000
12a >800 >1000 >1000
13a 685.6+6.7 >1000 >1000
14a >800 852.5+18.8 >1000
15a >800 >1000 >1000
16a >800 >1000 >1000
17a >800 >1000 >1000
18a >800 >1000 >1000
19a >800 >1000 >1000
20a >800 >1000 >1000
21a 704.8+7.5 >1000 >1000
22a 592.4+8.8 >1000 >1000
23a 338.5+6.5 >1000 >1000
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TABLE Il - Hypoglycemic activity, anticholinesterase activity of compounds 3a-32a

Compd. a-Glucosidase IC, (nM) AchE IC, (nM) BchE IC, (nM)
24a 292.246.0 >1000 >1000
25a 190.4+3.8 >1000 >1000
26a 250.74+5.3 557.0£13.1 914.6+18.3
27a 526.7£9.6 >1000 >1000
28a 122.0£3.9 >1000 >1000
29a 79.7+0.6 794.5+11.7 579.4+11.5
30a >800 498.0+10.2 534.9+15.7
31a >800 535.0+12.8 >1000
32a 661.6+2.7 535.0+16.6 965.4+19.5

1 >800 >1000 >1000
Acarbose 60.9+1.0 NT. N.T.
Donepezil N.T. 0.1+£0.0 3.6+0.1

N.T. indicates not test.

EXPERIMENTAL
General Information

Yeast a-glucosidase (EC 3.2.1.20), porcine
pancreatic a-amylase (EC 3.2.1.1), electric eel
acetylcholinesterase (AChE, Type-VI-S, EC 3.1.1.7),
horse serum butyrylcholinesterase (BChE, EC
3.1.1.8), S-Butyrylthiocholine chloride were purchased
from the supplier (Sigma-Aldrich). 2,2’-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid) (ABTS, 98%),
N’,N-carbonyldiimidazole (CDI, 98%), 2,4,6-Tri(2-
pyridyl)-s-triazine (TPTZ, 98%), acetylthiocholine
iodide (ATCI, 98%), ferrous sulfate heptahydrate
(FeSO,*7H,0, 99%), salicylic acid (99%), L-ascorbic
acid (98%), anhydrous tetrahydrofuran (THF, 99.5%)
were purchased from the supplier Energy Chemical.
6-Hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic
acid (Trolox, 98%) was purchased from the supplier
(TCI). 1,1-Diphenyl-2-picrylhydrazyl (DPPH, 95%)
5,5’-Dithiobis-(2-nitrobenzoic acid) (DTNB, 99%) were
purchased from the supplier (Alfa Aesar). Acarbose 98%
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from Ark Pharm. p-Nitrophenyl-a-D-glucopyranoside
(pNPG, 99%) from acros. Donepezil hydrochloride
98% from Adamas. Unless otherwise noted, materials
obtained from commercial suppliers were used without
further purification.

Column chromatography was carried out on silica
gel (200-300 mesh). Thin layer chromatography (TLC)
was performed using silica gel 60 F,,, plates. 'H NMR
and C NMR spectra were measured on an AV-600
Spectrometer (Bruker, Germany) using tetramethylsilane
as an internal standard. Electrospray ionization mass
spectrometry (ESI-MS) were performed on an Aglient
6520 Q-TOF (Agilent, USA) in positive ionization mode.
Melting points were determined in open capillary tubes
and the temperature was uncorrected.

Synthesis

A general experimental procedure for the synthesis
of Trolox derivatives (3a-32a)

The target compounds were synthesised as outlined
in our previously published work (Zang et al., 2014),
1 (0.4 mmol, 1.0 equiv), CDI (0.44 mmol, 1.1 equiv)

Braz. J. Pharm. Sci. 2022;58: ¢18887
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were placed in a dry standard Schlenk tube. Dry THF
(1.0 mL) was added, the reaction mixture was stirred at
room temperature for 0.5 h, followed by the addition of
amine (0.4 mmol, 1.0 equiv). The reaction mixture was
stirred at room temperature for 12 h, and the reaction was
monitored with thin-layer chromatography. The crude
reaction mixture was purified by flash silica gel column
chromatography (petroleum ether: ethyl acetate 4:1) to
obtain the corresponding product.

6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxamide
(3a) (Manzano et al., 2014).

Light yellow solid, yield 54%; mp 210.3-212.1 °C
(159 °C in literature). 'H NMR (600 MHz, DMSO) &
7.48(s, 1H), 7.17(s, 1H), 6.72(s, 1H), 2.53(s, 1H), 2.44(d,
J=8.5Hz, 1H), 2.19(d, J=6.9 Hz, 1H), 2.08(s, 3H), 2.06(s,
3H), 1.99(s, 3H), 1.72-1.63(m, 1H), 1.38(s, 3H). *C NMR
(150 MHz, DMSO) 8 175.7, 145.8, 144.0, 122.7, 121.1,
120.3, 117.0, 77.1,29.2, 24.3, 20.2, 12.7, 12.0, 11.8. ESI-MS
m/z 250.0759 [M+H]*. Spectroscopic data were accordant
with those previously reported.

6-hydroxy-N,2,5,7,8-pentamethylchromane-2-
carboxamide (4a)

Light yellow solid, yield 82%; mp 174.0-174.3 °C. 'H
NMR (600 MHz, DMSO) 8 7.47(s, 1H), 7.30(d, J=4.6 Hz,
1H), 2.59(d, J=4.7 Hz, 3H), 2.53(s, 1H), 2.40(d, J=7.7 Hz,
1H), 2.14(s, 1H), 2.10(s, 3H), 2.07(s, 3H), 1.99(s, 3H), 1.74-
1.66(m, 1H), 1.35(s, 3H). *C NMR (150 MHz, DMSO) &
173.8, 145.8, 143.9, 122.7, 121.3, 120.2, 117.0, 77.2, 29.4, 25.9,
24.1,20.1, 12.8, 12.1, 11.8. ESI-MS m/z 264.0993 [M+H]".

N-ethyl-6-hydroxy-2,5,7,8-tetramethylchromane-2-
carboxamide (5a) (Jankowski et al., 2009).

Yellow solid, yield 70%; mp 77.5-78.4 °C. '"H NMR
(600 MHz, DMSO) 6 7.47(s, 1H), 7.31(s, 1H), 3.13-3.02(m,
2H), 2.52(s, 1H), 2.42(d, J=7.5 Hz, 1H), 2.16-2.11(m, 1H),
2.09(s, 3H), 2.07(s, 3H), 1.99(s, 3H), 1.72(s, 1H), 1.35(s,
3H), 0.94(t, J=7.1 Hz, 3H). *C NMR (150 MHz, DMSO)
0 173.1, 145.8, 143.9, 122.7, 121.2, 120.2, 117.1, 77.1, 33 4,
29.4,23.9,20.0,14.7,12.7,12.1, 11.8. ESI-MS m/z 278.1117
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[M+H]". Spectroscopic data were accordant with those
previously reported.

6-hydroxy-2,5,7,8-tetramethyl-N-propylchromane-2-
carboxamide (6a) (Manzano et al., 2014).

Light pink solid, yield 73%; mp 87.8-89.2 °C (94-95
°C in literature). 'H NMR (600 MHz, DMSO) 6 7.48(s,
1H), 7.21(t, J=5.9 Hz, 1H), 3.02(dd, J=11.8, 6.2 Hz, 2H),
2.53(s, 1H), 2.43(s,1H), 2.16(d, J=13.3 Hz, 1H), 2.09(s, 3H),
2.07(s, 3H), 1.99(s, 3H), 1.71(s, 1H), 1.36(s, 3H), 1.33(dd,
J=72, 1.8 Hz, 2H), 0.70(t, J=7.4 Hz, 3H). *C NMR (150
MHz, DMSO) 6 173.1, 145.8, 143.9, 122.7, 121.1, 120.2,
117.1, 77.2, 40.1, 29.5, 24.1, 22.3, 20.1, 12.7, 12.0, 11.8,
10.9. ESI-MS m/z 292.1248 [M+H]". Spectroscopic data
were accordant with those previously reported.

N-butyl-6-hydroxy-2,5,7,8-tetramethylchromane-2-
carboxamide (7a) (Manzano et al., 2014).

Light yellow solid, yield 72%; mp 94.3-95.9 °C
(100-101 °C in literature). 'H NMR (600 MHz, DMSO)
& 7.48(s, 1H), 7.16(t, J=5.9 Hz, 1H), 3.08(s, 1H), 3.02(s,
1H), 2.53(s, 1H), 2.42(d, J=8.2 Hz, 1H), 2.20-2.15(m, 1H),
2.10(s, 3H), 2.07(s, 3H), 1.99(s, 3H), 1.71(d, J=5.6 Hz,
1H), 1.37(s, 3H), 1.30(d, J=2.9 Hz, 2H), 1.09(d, J=7.4 Hz,
2H), 0.78(t, J=7.4 Hz, 3H). *C NMR (150 MHz, DMSO)
0 173.1, 145.8, 143.9, 122.6, 121.1, 120.2, 117.1, 77.2, 38.0,
31.1,29.5,24.2,20.1, 19.1, 13.6, 12.7, 12.0, 11.7. ESI-MS
m/z 306.1355 [M+H]". Spectroscopic data were accordant
with those previously reported.

6-hydroxy-2,5,7,8-tetramethyl-N-pentylchromane-2-
carboxamide (8a)

Light yellow solid, yield 69%; mp 88.0-88.3 °C. 'H
NMR (600 MHz, DMSO) 6 7.48(s, 1H), 7.14(t, J=5.9 Hz,
1H), 3.09(s, 1H), 2.99(s, 1H), 2.53(s, 1H), 2.42(d, J=8.5
Hz, 1H), 2.18(s, 1H), 2.10(s, 3H), 2.07(s, 3H), 1.99(s, 3H),
1.70(s, 1H), 1.37(s, 3H), 1.30(s, 2H), 1.16(d, J=7.4 Hz, 2H),
1.02(d, J=7.7 Hz, 2H), 0.78(t, J=7.3 Hz, 3H). *C NMR (150
MHz, DMSO) & 173.0, 145.9, 143.9, 122.6, 121.1, 120.2,
117.1, 77.3, 38.2, 29.5, 28.6, 28.1, 24.3, 21.8, 20.1, 13.8,
12.7, 12.0, 11.7. ESI-MS m/z 320.1467 [M+H]".
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N-hexyl-6-hydroxy-2,5,7,8-tetramethylchromane-2-
carboxamide (9a) (Jankowski et al., 2009)

Light yellow solid, yield 71%; mp 83.5-85.1 °C. 'H
NMR (600 MHz, DMSO) & 7.47(s, 1H), 7.15(t, J=5.8 Hz,
1H), 3.14-3.04(m, 1H), 3.02-2.94(m, 1H), 2.52(s, 1H),
2.41(d, J=8.2 Hz, 1H), 2.21-2.15(m, 1H), 2.09 (s, 3H),
2.07(s, 3H), 1.98(s, 3H), 1.73-1.66(m, 1H), 1.37(s, 3H),
1.32-1.27(m, 2H), 1.19-1.09(m, 4H), 1.04(d, J=7.6 Hz,
2H), 0.81(t, J=7.1 Hz, 3H). *C NMR (150 MHz, DMSO)
6 173.0, 145.9, 143.8, 122.5, 121.0, 120.1, 117.1, 77.2, 38.2,
30.9,29.5,28.9, 25.6, 24.3, 22.0, 20.1, 13.8, 12.7, 12.0, 11.7.
ESI-MS m/z 334.1579 [M+H]". Spectroscopic data were
accordant with those previously reported.

N-heptyl-6-hydroxy-2,5,7,8-tetramethylchromane-2-
carboxamide (10a)

Light yellow solid, yield 66%; mp 51.6-53.6 °C.
'H NMR (600 MHz, DMSO) & 7.47(s, 1H), 7.14(t, J=5.8
Hz, 1H), 3.09(s, 1H), 3.00(s, 1H), 2.52(d, J=6.0 Hz, 1H),
2.41(d, J=8.3 Hz, 1H), 2.23-2.16(m, 1H), 2.10(s, 3H),
2.07(s, 3H), 1.99(s, 3H), 1.72-1.67(m, 1H), 1.37(s, 3H),
1.34-1.18(m, 4H), 1.17-1.12(m, 4H), 1.03(s, 2H), 0.84(t,
J=7.3 Hz, 3H). *C NMR (150 MHz, DMSO) & 173.0,
145.9, 143.8, 122.5, 121.0, 120.1, 117.1, 77.2, 38.2, 31.2,
29.5, 28.9, 28.3, 25.9, 24.3, 22.0, 20.1, 13.9, 12.7, 12.0,
11.7. ESI-MS m/z 348.1695 [M+H]".

6-hydroxy-N-isopropyl-2,5,7,8-tetramethylchromane-2-
carboxamide (11a) (Manzano et al., 2014).

Light yellow solid, yield 57%; mp 117.7-118.5 °C
(121-124 °C in literature). 'H NMR (600 MHz, DMSO) 6
7.49(s, 1H), 6.85(d, J=8.1 Hz, 1H), 3.81(d, J=7.7 Hz, 1H),
2.54(s, 1H), 2.45(s, 1H), 2.15-2.10(m, 1H), 2.09(s, 3H),
2.07(s, 3H), 1.99(s, 3H), 1.75(s, 1H), 1.35(s, 3H), 1.06(d,
J=6.5 Hz, 3H), 0.93(d, J=6.6 Hz, 3H). *C NMR (150
MHz, DMSO) § 172.3, 145.8, 143.8, 122.7, 121.0, 120.3,
117.1, 77.0, 40.4, 29.4, 23.7, 22.0, 22.0, 20.0, 12.7, 11.9,
11.8. ESI-MS m/z 292.1240 [M+H]". Spectroscopic data
were accordant with those previously reported.
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6-hydroxy-N-isobutyl-2,5,7,8-tetramethylchromane-2-
carboxamide (12a) (Jankowski et al., 2009)

Light yellow solid, yield 72%; mp 87.7-89.8 °C. 'H
NMR (600 MHz, DMSO) & 7.49(s, 1H), 7.11(t, J=6.1 Hz,
1H), 2.96(d, J=6.5 Hz, 1H), 2.82(d, J=6.5 Hz, 1H), 2.52(d,
J=11.1 Hz, 1H), 2.42(d,J=8.8 Hz, 1H), 2.22-2.17(m, 1H),
2.10(s, 3H), 2.07(s, 3H), 1.98(s, 3H), 1.71(d, J=1.5 Hz,
1H), 1.63-1.57(m, 1H), 1.38(s, 3H), 0.66(dd, J=6.7, 3.9
Hz, 6H). “C NMR (150 MHz, DMSO) 6 173.1, 145.8,
143.9, 122.7, 121.0, 120.3, 117.1, 77.3, 45.6, 29.5, 28.0,
24.3,20.2, 19.5, 12.7, 12.0, 11.7. ESI-MS m/z 306.1354
[M+H]". Spectroscopic data were accordant with those
previously reported.

6-hydroxy-N-isopentyl-2,5,7,8-tetramethylchromane-2-
carboxamide (13a) (Jankowski et al., 2009)

Light yellow solid, yield 62%; mp 96.3-97.6 °C. 'H
NMR (600 MHz, DMSO) & 7.48(s, 1H), 7.11(t, J=5.9 Hz,
1H), 3.11(s, 1H), 3.02(s, 1H), 2.52(s, 1H), 2.42(d, J=8.2
Hz, 1H), 2.18(d, J=13.2 Hz, 1H), 2.09(s, 3H), 2.07(s, 3H),
1.98(s, 3H), 1.70(s, 1H), 1.37(s, 3H), 1.23(d, J=6.4 Hz,
1H), 1.20(t, J=7.0 Hz, 2H), 0.75(dd, J=6.4, 3.0 Hz, 6H).
BC NMR (150 MHz, DMSO) 6 173.0, 145.9, 143.9, 122.6,
121.1, 120.2, 117.1, 77.3, 37.9, 36.6, 29.5, 24.8, 24.2, 22.3,
22.2,20.1,12.7,12.0, 11.7. ESI-MS m/z 320.1491 [M+H]".
Spectroscopic data were accordant with those previously
reported.

N-allyl-6-hydroxy-2,5,7,8-tetramethylchromane-2-
carboxamide (14a)

Light yellow solid, yield 64%; mp 100.5-101.8 °C.
'H NMR (600 MHz, DMSO) & 7.49(s, 1H), 7.43(t, J=6.0
Hz, 1H), 5.79-5.68(m, 1H), 4.93(dd, J=10.4, 1.6 Hz, 1H),
4.84(dd, J=17.2, 1.7 Hz, 1H), 3.72(d, J=1.5 Hz, 1H), 3.67(s,
1H), 2.54 (s, 1H), 2.44(s, 1H), 2.19(s, 1H), 2.11(s, 3H),
2.08(s, 3H), 2.00(s, 3H), 1.72(s, 1H), 1.39(s, 3H). *C NMR
(150 MHz, DMSO) 6 173.2, 145.8, 143.9, 135.3, 122.7,
121.2,120.2, 117.1, 114.1, 77.3, 40.6, 29.5, 24.2, 20.1, 12.7,
12.1, 11.8. ESI-MS m/z 290.1636 [M+H]".

Braz. J. Pharm. Sci. 2022;58: ¢18887



Synthesis and Biological Activity of Trolox Amide Derivatives

6-hydroxy-2,5,7,8-tetramethyl-N-(prop-2-yn-1-yl)
chromane-2-carboxamide (15a)

Light yellow solid, yield 60%; mp 176.4-177.8 °C. 'H
NMR (600 MHz, DMSO) 6 7.78(t, J=5.8 Hz, 1H), 7.48(s,
1H), 3.83(t, J=6.1 Hz, 2H), 3.01(t, J=2.2 Hz, 1H), 2.51(d,
J=7.1Hz, 1H), 2.42(s, 1H), 2.13(s, 1H), 2.10(s, 3H), 2.07(s,
3H), 1.99(s, 3H), 1.78-1.69(m, 1H), 1.35(s, 3H). *C NMR
(150 MHz, DMSO) & 173.3, 145.8, 143.8, 122.7, 121.3,
120.2, 117.0, 81.4, 77.2, 72.4, 29.5, 28.3, 23.7, 19.9, 12.8,
12.1, 11.8. ESI-MS m/z 288.0836 [M+H]".

6-hydroxy-N-(2-hydroxyethyl)-2,5,7,8-
tetramethylchromane-2-carboxamide (16a) (Jankowski et
al.,, 2009)

Light yellow solid, yield 51%; mp 129.4-130.5 °C.
"H NMR (600 MHz, DMSO) & 7.50(s, 1H), 7.24(t, J=5.6
Hz, 1H), 4.69(t, J=5.3 Hz, 1H), 3.36(s, 1H), 3.34(s, 1H),
3.19(s, 1H), 3.09(s, 1H), 2.54(s, 1H), 2.43(s, 1H), 2.11(s,
1H), 2.09(s, 3H), 2.07(s, 3H), 2.00(s, 3H), 1.75(s, 1H),
1.36(s, 3H). *C NMR (150 MHz, DMSO) 3 173.4, 145.9,
143.7,122.7,121.1, 120.3, 117.1, 77.2, 59.6, 41.1, 29.4, 23.9,
20.0, 12.8, 12.0, 11.8. ESI-MS m/z 294.0924 [M+H]".
Spectroscopic data were accordant with those previously
reported.

6-hydroxy-N-(3-hydroxypropyl)-2,5,7,8-
tetramethylchromane-2-carboxamide (17a) (Jankowski et
al., 2009)

Light pink solid, yield 50%; mp 101.3-102.4 °C.
'"H NMR (600 MHz, DMSO) 6 7.48(s, 1H), 7.41(t, J=5.7
Hz, 1H), 4.49(t, J=5.1 Hz, 1H), 3.36(s, 1H), 3.33(s, 1H),
3.19-3.06(m, 2H), 2.54(s, 1H), 2.44-2.38(m, 1H), 2.12(s,
1H), 2.08 (s, 3H), 2.07(s, 3H), 1.99(s, 3H), 1.73(s, 1H),
1.49(s, 2H), 1.35(s, 3H). *C NMR (150 MHz, DMSO) 6
173.2, 145.8, 143.8, 122.7, 121.2, 120.2, 117.0, 77.1, 58.9,
36.5, 31.9, 294, 24.0, 20.0, 12.8, 12.0, 11.8. ESI-MS m/z
308.1015 [M+H]". Spectroscopic data were accordant
with those previously reported.
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6-hydroxy-N-(2-methoxyethyl)-2,5,7,8-tetramethylchromane-
2-carboxamide (18a) (Jankowski et al., 2009)

Yellow solid, yield 42%; mp 106.4-107.8 °C. 'H
NMR (600 MHz, DMSO) 6 7.50(s, 1H), 7.20(t, J=5.0
Hz, 1H), 3.30(s, 1H), 3.21(s, 3H), 3.14(s, 3H), 2.54(s, 1H),
2.43(s, 1H), 2.14(s, 1H), 2.08(s, 3H), 2.07(s, 3H), 1.99(s,
3H), 1.74(s, 1H), 1.36(s, 3H). *C NMR (150 MHz, DMSO)
6 173.4,145.9,143.7,122.7, 121.0, 120.3, 117.1, 77.3, 70.3,
579, 38.2,29.4, 24.1, 20.0, 12.7, 11.9, 11.8. ESI-MS m/z
308.1022 [M+H]*. Spectroscopic data were accordant
with those previously reported.

N-cyclopropyl-6-hydroxy-2,5,7,8-tetramethylchromane-2-
carboxamide (19a) (Jankowski et al., 2009)

Light yellow solid, yield 75%; mp 137.5-140.1 °C. 'H
NMR (600 MHz, DMSO) & 7.48(s, 1H), 7.22(d, J=4.1 Hz,
1H), 2.59(d, J=3.9 Hz, 1H), 2.52(s, 1H), 2.45(s, 1H), 2.16-
2.11(m, 1H), 2.06(s, 6H), 1.99(s, 3H), 1.76-1.67(m, 1H),
1.34(s, 3H), 0.63-0.53(m, 2H), 0.43-0.33(m, 2H). *C NMR
(150 MHz, DMSO) 6 174.5, 145.8, 143.9, 122.6, 121.2,
120.2, 117.1, 77.0, 29.4, 23.7, 22.4, 20.0, 12.7, 12.0, 11.8,
6.0, 5.8. ESI-MS m/z 290.1088 [M+H]". Spectroscopic
data were accordant with those previously reported.

N-cyclobutyl-6-hydroxy-2,5,7,8-tetramethylchromane-2-
carboxamide (20a)

Light pink solid, yield 71%; mp 90.7-92.6 °C. 'H
NMR (600 MHz, DMSO) é 7.48(s, 1H), 7.37(d, J=8.0
Hz, 1H), 4.16(d, J=8.2 Hz, 1H), 2.53(s, 1H), 2.44(s, 1H),
2.17-2.09(m, 5H), 2.08(s, 3H), 2.05(dd, J=7.5, 3.2 Hz, 1H),
1.99(s, 3H), 1.96(s, 1H), 1.84(s, 1H), 1.73(s, 1H), 1.58(d,
J=6.4 Hz, 2H), 1.34(s, 3H). *C NMR (150 MHz, DMSO)
0 172.4,145.8, 143.9, 122.7,121.2, 120.3, 117.1, 76.9, 43.9,
30.1, 299,294, 23.6,20.0, 14.5, 12.7, 12.0, 11.8. ESI-MS
m/z 304.1195 [M+H]".

N-cyclopentyl-6-hydroxy-2,5,7,8-tetramethylchromane-2-
carboxamide (21a)

Yellow solid, yield 52%; mp 96.5-97.9 °C. 'H NMR
(600 MHz, DMSO) & 7.50(s, 1H), 6.82(d, J=7.6 Hz, 1H),
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3.95(d, J=6.9 Hz, 1H), 2.53(s, 1H), 2.43(d, J=8.0 Hz,
1H), 2.18-2.12(m, 1H), 2.08(s, 3H), 2.07(s, 3H), 1.99,
3H), 1.79-1.70(m, 2H), 1.68-1.61(m, 1H), 1.55-1.38(m,
SH), 1.37(s, 3H), 1.21-1.15(m, 1H). *C NMR (150 MHz,
DMSO) § 172.7, 145.9, 143.8, 122.7, 120.9, 120.4, 117.2,
771, 50.2, 32.2, 32.0, 29.4, 23.9, 23.2, 23.0, 20.1, 12.7,
11.9, 11.8. ESI-MS m/z 318.1310 [M+H]".

N-cyclohexyl-6-hydroxy-2,5,7,8-tetramethylchromane-2-
carboxamide (22a)

Light yellow solid, yield 64%; mp 40.3-41.5 °C. 'H
NMR (600 MHz, DMSO) 6 7.50(s, 1H), 6.77(d, J=8.2 Hz,
1H), 3.57-3.44(m, 1H), 2.54(s, 1H), 2.42(d, J=8.1 Hz, 1H),
2.18-2.12(m, 1H), 2.09(s, 3H), 2.07(s, 3H), 1.99(s, 3H),
1.74(s, 1H), 1.69(s, 1H), 1.54(s, 1H), 1.45(s, 2H), 1.37(s,
3H), 1.27-1.14(m, 4H), 1.11-1.03(m, 2H). *C NMR (150
MHz, DMSO) 6 172.2, 145.8, 143.8, 122.7, 120.8, 120.4,
117.2, 772, 46.9, 31.8, 29.4, 25.0, 24.0, 24.0,24.0, 23.9,
20.0, 12.7, 11.9, 11.8. ESI-MS m/z 332.1436 [M+H]".

N-cycloheptyl-6-hydroxy-2,5,7,8-tetramethylchromane-2-
carboxamide (23a)

Light yellow solid, yield 50%; mp 79.5-80.3 °C. 'H
NMR (600 MHz, DMSO) 8 7.51(s, 1H), 6.77(d, 1=8.2 Hz,
1H), 3.75-3.67(m, 1H), 2.55-2.50(m, 1H), 2.42(d, J=8.2
Hz, 1H), 2.15(s, 1H), 2.09(s, 3H), 2.07(s, 3H), 1.99(,
3H), 1.77-1.67(m, 2H), 1.53-1.43(m, SH), 1.42-1.28(m,
9H). *C NMR (150 MHz, DMSO) 6 171.9, 145.9, 143.8,
122.7,120.8, 120.4, 117.2, 77.2, 49.1, 33.8, 33.7, 29.4, 27.3,
27.3,24.1, 23.5,23.2,20.1, 12.7, 11.9, 11.8. ESI-MS m/z
346.1516 [M+H]".

6-hydroxy-2,5,7,8-tetramethyl-N-phenylchromane-2-
carboxamide (24a) (Moulin et al., 1998).

Light yellow solid, yield 59%; mp 97.8-98.8 °C (93
°C in literature). 'H NMR (600 MHz, DMSO) & 9.14(s,
1H), 7.60(d, J=7.7 Hz, 2H), 7.54(s, 1H), 7.29(t, J=7.9 Hz,
2H), 7.06(t, J=7.4 Hz, 1H), 2.57(s, 2H), 2.33(s, 1H), 2.21(s,
3H), 2.11(s, 3H), 2.02(s, 3H), 1.83(s, 1H), 1.53(s, 3H). *C
NMR (150 MHz, DMSO) 6 172.2, 146.1, 143.8, 138.2,
128.6, 128.6, 123.8, 122.8, 121.4, 120.4, 120.0, 120.0,
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117.1,77.5,29.3,23.8, 20.1, 12.8, 12.1, 11.8. ESI-MS m/z
326.0878 [M+H]".

6-hydroxy-2,5,7,8-tetramethyl-N-(p-tolyl)chromane-2-
carboxamide (25a)

Yellow solid, yield 45%; mp 146.1-147.1 °C. 'HNMR
(600 MHz, DMSO) 6 9.03(s, 1H), 7.52(s, 1H), 7.45(d, J=8.4
Hz, 2H), 7.09(d, J=8.3 Hz, 2H), 2.56(s, 2H), 2.30(s, 1H),
2.23(s, 3H), 2.18(s, 3H), 2.08(s, 3H), 1.99(s, 3H), 1.83-
1.78(m, 1H), 1.50(s, 3H). *C NMR (150 MHz, DMSO) 6
171.9, 146.0, 143.8, 135.6, 132.7, 129.0, 129.0, 122.8, 121.4,
120.3, 120.0, 120.0, 117.1, 774, 29.3, 23.8, 20.4, 20.1, 12.8,
12.1, 11.8. ESI-MS m/z 340.0986 [M+H]".

6-hydroxy-N-(4-hydroxyphenyl)-2,5,7,8-
tetramethylchromane-2-carboxamide (26a)

Light pink solid, yield 53%; mp 230.3-231.3 °C. 'H
NMR (600 MHz, DMSO) § 9.21(s, 1H), 8.87(s, 1H), 7.516,
1H), 7.32(d, J=8.8 Hz, 2H), 6.71-6.64(m, 2H), 2.63-2.51(m,
2H), 2.28(s, 1H), 2.16(s, 3H), 2.08(s, 3H), 1.99(s, 3H),
1.79(s, 1H), 1.48(s, 3H). *C NMR (150 MHz, DMSO) &
171.5, 1537, 146.0, 143.8, 129.7, 122.7, 121.9, 121.9, 121.3,
1203, 117.1, 114.9, 114.9, 77.4, 29.3,23.9, 20.1, 12.8, 12.1,
11.8. ESI-MS m/z 342.0782 [M+H]".

N-benzyl-6-hydroxy-2,5,7,8-tetramethylchromane-2-
carboxamide (27a) (Manzano et al., 2014).

Light yellow solid, yield 50%; mp 92.7-94.6 °C (109-
110 °C in literature). 'H NMR (600 MHz, DMSO) 6 7.80(t,
J=6.2 Hz, 1H), 7.53(s, 1H), 7.21-7.13(m, 3H), 6.95(d, J=6.9
Hz, 2H), 4.37(dd, J=15.4, 6.9 Hz, 1H), 4.18(dd, J=15.4,
5.7 Hz, 1H), 2.54(s, 1H), 2.43(s, 1H), 2.24(s, 1H), 2.10(s,
3H), 2.07(s, 3H), 2.01(s, 3H), 1.73(s, 1H), 1.43(s, 3H). *C
NMR (150 MHz, DMSO) 6 173.4, 145.9, 144.1, 139.6,
128.1, 128.1, 126.4, 126.3, 126.3, 122.7, 121.3, 120.3, 117.2,
774, 41.8,29.6,24.5,20.3, 12.8, 12.1, 11.8. ESI-MS m/z
340.1015 [M+H]". Spectroscopic data were accordant
with those previously reported.
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6-hydroxy-2,5,7,8-tetramethyl-N-(naphthalen-1-yl)
chromane-2-carboxamide (28a)

Light yellow solid, yield 37%; mp 184.1-185.4 °C.
'HNMR (600 MHz, DMSO) & 9.25(s, 1H), 7.91(d, J=8.2
Hz, 1H), 7.77(d, J=8.2 Hz, 1H), 7.65(d, J=7.3 Hz, 1H),
7.60(s, 1H), 7.49(s, 2H), 7.39-7.34(m, 1H), 7.31(d, J=8.4
Hz, 1H), 2.59(s, 2H), 2.44(s, 1H), 2.28(s, 3H), 2.15(s, 3H),
2.02(s, 3H), 1.86(s, 1H), 1.64(s, 3H). *C NMR (150 MHz,
DMSO) & 172.7, 146.2, 144.1, 133.6, 132.6, 128.2, 127.9,
126.0, 125.9, 125.6, 125.5, 123.0, 121.9, 121.5, 121.4, 120.7,
117.4,78.1,29.5,24.7,20.4, 12.8, 12.2, 11.8. ESI-MS m/z
376.0898 [M+H]".

6-hydroxy-2,5,7,8-tetramethyl-N-(naphthalen-2-yl)
chromane-2-carboxamide (29a)

Red-brown solid, yield 43%; mp 91.8-92.4 °C. 'H
NMR (600 MHz, DMSO) 6 9.38(s, 1H), 8.29(s, 1H), 7.87-
7.79(m, 3H), 7.63(s, 1H), 7.53(s, 1H), 7.46(t, J=7.4 Hz, 1H),
7.40(s, 1H), 2.59(s, 2H), 2.37(s, 1H), 2.22(s, 3H), 2.09(s,
3H), 2.01(s, 3H), 1.86(s, 1H), 1.56(s, 3H). *C NMR (150
MHz, DMSO) 6 172.4, 146.1, 143.9, 135.8, 133.2, 130.0,
128.2, 127.4, 127.3, 126.4, 124.8, 122.8, 121.4, 120.7,
120.3, 117.1, 116.2, 77.5,29.4, 23.8,20.1, 12.8, 12.2, 11.8.
ESI-MS m/z 376.0879 [M+H]".

6-hydroxy-N,N,2,5,7,8-hexamethylchromane-2-
carboxamide (30a) (Jankowski et al., 2009)

Light yellow solid, yield 62%; mp 158.4-160.1 °C.
'H NMR (600 MHz, DMSO) 6 7.49(s, 1H), 3.19(s, 3H),
2.73(s, 3H), 2.57(s, 1H), 2.43(s, 2H), 2.07(s, 3H), 2.05(s,
3H), 1.97(s, 3H), 1.61-1.53(m, 1H), 1.50(s, 3H). *C NMR
(150 MHz, DMSO) & 171.8, 145.9, 143.7, 122.8, 120.6,
120.5, 117.2, 78.1, 37.5, 37.0, 31.2, 24.7, 20.7, 12.7, 12.0,
11.7. ESI-MS m/z 278.0991 [M+H]". Spectroscopic data
were accordant with those previously reported.

(6-hydroxy-2,5,7,8-tetramethylchroman-2-yl)(pyrrolidin-1-
yl)methanone (31a)

White solid, yield 62%; mp 174.3-174.9 °C. 'H NMR
(600 MHz, DMSO) 6 7.48(s, 1H), 3.93-3.88(m, 1H), 3.29(s,
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1H), 3.26-3.19(m, 2H), 2.52(s, 1H), 2.48-2.41(m, 2H),
2.07(s, 3H), 2.05(s, 3H), 1.98(s, 3H), 1.78(s, 2H), 1.70(s,
1H), 1.53(s, 2H), 1.45(s, 3H). *C NMR (150 MHz, DMSO)
§ 171.0, 145.8, 143.8, 122.9, 120.5, 120.4, 117.2, 78.0, 47.3,
470, 30.4, 26.5,24.5,22.5,20.5, 12.7, 12.0, 11.8. ESI-MS
m/z 304.1079 [M+H]".

(6-hydroxy-2,5,7,8-tetramethylchroman-2-yl)(piperidin-1-
yllmethanone (32a) (Manzano et al., 2014).

Yellow solid, yield 53%; mp 160.0-161.7 °C(160-161
°C in literature). '"H NMR (600 MHz, DMSO) & 7.48(s,
1H), 3.83(s, 2H), 2.60(s, 1H), 2.45(s, 1H), 2.41-2.37(m,
1H), 2.05(s, 6H), 2.01(s, 1H), 1.97(s, 3H), 1.59(s, 1H),
1.51(s, 2H), 1.48(s, 4H), 1.37(s, 4H). *C NMR (150 MHz,
DMSO) 6 170.1, 145.8, 143.9, 122.7, 120.6, 120.5, 117.1,
78.2,39.8,39.8,39.1, 31.3, 24.8, 24.8, 24.0, 20.6, 12.7, 11.9,
11.7. ESI-MS m/z 318.1224 [M+H]". Spectroscopic data
were accordant with those previously reported.

Biological Activities Assay
DPPH Radical Assay

DPPH scavenging activity was assayed according
to the method with slight modifications (Sharma, Bhat,
2009; Dong et al., 2017). Each sample (100 pL) in
methanol at different concentrations (from 5 to 25 pM)
was added to 100 uL of DPPH in methanol solution (50
uM). The solution was vortexed in 96-well plates for 10
s and then allowed to stand at room temperature for 20
min in the dark. The absorbance was recorded at 492
nm on a microplate spectrophotometer. L-Ascorbic acid
and 1 were used as positive references. IC, values (the
concentrations required to scavenge 50% of the DPPH
radicals present in the test solution) were calculated and
expressed as the mean + SD.

ABTS Radical Assay

ABTS radical cation (ABTS<") scavenging activity was
assayed according to the method with slight modifications
(Dong et al., 2017). Briefly, 1 mL of 2.6 mM of potassium
persulfate was added to 1 mL of 7 mM of ABTSe* solution,
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and the mixture was incubated in the dark at room
temperature for 12—16 h before use. The ABTS<" solution
was diluted with methanol to provide an absorbance of 0.70
+ 0.02 at 734 nm. The diluted ABTS+* solution (190 uL)
was added to sample fractions (10 uL) in DMSO at different
concentrations (from 62.5 uM to 2 mM). A standard curve
was constructed by measuring the reduction in absorbance
of the ABTSe" solution at different concentrations of Trolox
(0-4 mM). The plates were incubated at room temperature
for 20 min in the dark. The absorbance was recorded at 734
nm on a microplate spectrophotometer. L-ascorbic acid and
1 were used as positive references. The scavenging rate was
expressed as % scavenging and was calculated as follows:
IC,, values were calculated and expressed as the mean + SD.

A —A
Y%scavenging = (l — MJ x100%

control

FRAP Assay

Ferric reducing ability was assayed according
to the method with slight modifications (Dong et al.,
2017). FRAP reagent was freshly made by mixing 300
mM acetate buffer (pH 3.6), 10 mM TPTZ solution in
40 mM hydrochloric acid, and 20 mM aqueous ferric
chloride (FeCl,) solution at a 10:1:1 (v/v) ratio. The TPTZ
solution was prepared on the same day. Each sample
in DMSO solution (1 mM, 20 pL) was added to 180
puL of FRAP reagent, vortexed in 96-well plates for 10
s and then incubated at 37 °C for 30 min in the dark.
The absorbance was recorded at 595 nm on a microplate
spectrophotometer. L-ascorbic acid and 1 were used as
positive references. Ferrous sulfate (FeSO,) at 10 different
concentrations (from 0 to § mM) was used to construct
a calibration curve. FRAP values were calculated and
expressed as the mean +SD.

Hydroxyl Radical (-OH) Assay

Hydroxyl radical scavenging activity was assayed
according to the method with slight modifications (Guo ef
al., 2017). Each sample in DMSO solution (50 pL) (from
0.5 to 10 mM) was treated with 3 mM FeSO, solution
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(50 uL) and 3 mM H, O, solution (50 uL), after which the
mixture was vortexed in 96-well plates, incubated for 10
min, mixed with 6 mM salicylic acid solution (50 uL), and
vortexed. The plates were incubated at room temperature
for 30 min in the dark. The absorbance was recorded at
492 nm on a microplate spectrophotometer. 1 was used
as a positive reference. IC, values (the concentrations
required to scavenge 50% of the hydroxyl radicals present
in the test solution) were calculated and expressed as the
mean £ SD.

a-Glucosidase Inhibition Assay

a-Glucosidase inhibition activity was assayed
according to the method with slight modifications (Yuan
et al., 2012). Each sample (20 uL) in DMSO solution (from
0.1 to 10 mM) was added to 100 uL of a-glucosidase
solution (pH 6.9, 0.1 U/mL, in 0.1 M phosphate buffer).
The mixture was vortexed in 96-well plates, incubated at
25 °C for 10 min. Then, 50 uL pNPG solution (pH 6.9, 5
mM, in 0.1 M phosphate buffer) was added to each well,
the mixture was incubated at 25 °C for 5 min. Before and
after incubation, the absorbance was recorded at 405
nm on a microplate spectrophotometer. Acarbose was
used as a positive reference. The a-glucosidase inhibition
activity was expressed as % inhibition and was calculated
as follows:

control

0/ 202 Tat 42 . AAsampk 0
Y%einhibition = [l - —J x100%

AChE Inhibition Assay

AChHE inhibition activity was assayed according
to the method with slight modifications (Ozturk ef al.,
2011). Each sample in 10 % DMSO solution (20 pL) (from
1 to 10 mM) was added to 120 pL of phosphate buffer
(pH 8.0, 0.1 M) and 20 pL of AChE solution (pH 8.0,
0.8 U/mL, in 0.1 M phosphate buffer). The mixture was
incubated at 25 °C for 15 min. Then, 20 pL of ATCI
solution (pH 8.0, 1.78 mM, in 0.1 M phosphate buffer)
and 20 pL of DTNB solution (pH 8.0, 1.25 mM, in
0.1 M phosphate buffer) were added to each well, the
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mixture was incubated at 25 °C for 5 min. Before and
after incubation, the absorbance was recorded at 405 nm
on a microplate spectrophotometer. Donepezil was used
as a positive reference. The AChE inhibition activity was
expressed as % inhibition and was calculated as follows:

0/ : T e AAsample 0
Yoinhibition = (1 - 7J x100%

control

BChE Inhibition Assay

BChE inhibition activity was assayed according to
the method with slight modifications (Ozturk et al., 2011).
Each sample in 10 % DMSO solution (20 uL) (from 1 to
10 mM) was added to 120 pL of phosphate bufter (pH 8.0,
0.1 M) and 20 pL of BChE solution (pH 8.0, 0.8 U/mL,
in 0.1 M phosphate buffer). The mixture was incubated
at 25 °C for 15 min. Then, 20 pL of butyrylthiocholine
chloride solution (pH 8.0, 0.4 mM, in 0.1 M phosphate
buffer) and 20 uL. of DTNB solution (pH 8.0, 1.25 mM,
in 0.1 M phosphate buffer) were added to each well, the
mixture was incubated at 25 °C for 5 min. Before and
after incubation, the absorbance was recorded at 405 nm
on a microplate spectrophotometer. Donepezil was used
as a positive reference. The BChE inhibition activity was
expressed as % inhibition and was calculated as follows:

0/ NPT _ AAsample 0
Yoinhibition = (1 — 7) x100%

control

Statistical Analysis

All the experiments were carried out in triplicate
and the data were analyzed using SPSS software (Version
22.0) and Origin software (Version 8.0).

CONCLUSIONS

A series of Trolox amide derivatives all exhibited
good antioxidant activity. 28a—29a displayed similar
a-glucosidase inhibition activity as acarbose, whereas some
compounds displayed weaker inhibition activities for both
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cholinesterases. Both 26a and 29a had good performance in
various biological assays, and further research is underway.
This study revealed that Trolox derivatives with antioxidant
activity are potentially beneficial for human health and
worthy of further investigation.
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