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A series of hybrid molecules between (R)-lipoic acid (ALA) and the acetylated or methylated polyphenol compounds
were synthesized and their in vitro cholinesterase [acetylcholinesterase (AChE) and butyrylcholinesterase
(BuChE)] inhibition activities were checked. The ICsy values of all hybrid molecules for a BuChE inhibition
were lower than those of the single parent compounds. Specifically, ALA-acetyl protected caffeic acid (11,
ALA-AcCA) was shown as an effective inhibitor of BuChE (ICsp = 0.5 + 0.2 uM) and also had a great
selectivity for BuChE over AChE (more than 800 fold). Inhibition kinetic study indicated that 11 is a mixed
inhibition type. Its binding affinity (K;) value to BuChE is 1.52 + 0.18 pM.

Key Words : Molecular hybridization, (R)-Lipoic acid, Polyphenols, Cholinesterase inhibitor

Introduction

Recently, the single-target-directed drug discovery method
has been challenged because 1) many diseases such as
diabetes, cancer, cardiovascular disease, neurodegenerative
diseases, efc.,> have been identified as having multiple
pathogenic factors and 2) the appearance of drug resistant
organisms.

Even though many kinds of efficient drug discovery methods
such as the construction of chemical libraries having high
molecular diversity, computer-aided drug design (CADD),
quantitative structure-activity relationship (QSAR), and High
Throughput Screening (HTS) have been developed to solve
these problems, it has been still difficult to develop new
drugs. Therefore, there are demands to quickly develop the
efficient drug development methods. Combinations of dif-
ferent drugs or drug cocktails are candidates, and they have
been applied to special diseases. Another good candidate is
the hybridization of molecules. Molecular hybridization
concept is the combination of appropriate pharmacophores
(parents) onto one compound (hybrid molecule).? Since parent
molecules used in molecular hybridization were already
applied to human as a drug or a dietary supplementary, hybrid
molecules may show the same or less undesired side effects
or toxicity compared to the individual parent molecules.
Also they may show better activities compared to the parent
and may have new biological activities which parents do not
have.*

Scientists have been interested in the natural bioactive
compounds and the secondary metabolites as lead compounds

"This paper is dedicated to Professor Eun Lee on the occasion of his ho-
nourable retirement.

for the development of new bioactive compounds. Our group
has been carrying out research on the synthesis of novel
hybrid molecules between natural bioactive compounds.
Previously, we synthesized ALA-nitron hybrid compounds
and showed their positive activity for cholinesterase inhibi-
tor.” In this work, we selected the ALA and polyphenol (PP)
compounds as parents for the synthesis of the hybrid
molecules because they showed many interesting biological
activities.

ALA and its reduced form, dihydrolipoic acid (DHLA),
act as a multifunctional antioxidant against a variety of re-
active oxygen species (ROS).” ALA is known as the anti-
oxidant of antioxidants because it assists for regeneration
and de novo syntheses of endogenous antioxidants such as
glutathione, o-tocopherol, and vitamin C.8 ALA is a cofactor
of pyruvate dehydrogenase complex and results in producing
an adequate amount of ATP from glucose in aerobic meta-
bolism.” The other functions of ALA is a chelator for metal
ions such as mercury or iron.!”!" ALA is used as a dietary
supplement and has been applied to medical treatments such
as diabetes,'* ischemia-reperfusion injury,'® cataract for-
mation,'® neurodegeneration,'”" and hypertension.?

Many ALA derivatives have been synthesized to improve
their biological activities and to give a synergic effect. ALA-
L-dopa and ALA-dopamine,”! ALA-Trolox (a water-soluble
analogue of vitamin E),>> ALA-amphiphilic hybrid of o-
phenyl-N-tert-butyl nitrone (PBN) (PBNLP),” ALA-nitric
oxide synthase inhibitors,?* and ALA-N-alkyl-substituted mor-
pholine,> ALA-chroman analogues,”® ALA-quinazolinimines,”’
and ALA-quinazolinimines®® have been synthesized.

Polyphenols (PPs) are known as a natural antioxidant due
to reduce reactive oxygen species levels in vivo.”” Therefore,
they showed several beneficial results such as reducing the
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risk of cardiovascular disease,* reducing inflammatory effects
on coronary artery disease,’'*? preventing peripheral artery
disease,*** and anti-aging effect by slowing the process of
skin wrinkling*

In this paper, we report the synthesis of the hybrid mole-
cules and their inhibition activity for cholinesterase.

Results and Discussions

Two types of cholinesterases (ChE) exist within the nervous
system. One is acetylcholinesterase (AChE, EC 3.1.1.7) that
is primarily associated with cholinergic neurons. The other
is butyrylcholinesterase (BuChE, EC 3.1.1.8) that is asso-
ciated with supporting glial cells in the human brain and
specific cholinergic nerve tracts.® More than 10,000 molecules
of acetylcholine (Ach) per second can be hydrolyzed by both
cholinesterases at a rate that is limited more by the diffusion
of ACh into the enzyme, rather than by catalytic capacity.’’
AChE and BuChE both play important roles in the regula-
tion of ACh level and may also have an important role in the
development and progression of Alzheimer’s disease (AD). *®
Until recently, the relative contribution of BuChE in the
regulation of ACh level had been largely ignored. However,
there are growing evidences that BuChE may be one of the
important enzymes involved for AD. AChE activity is decreased
but BuChE activity is increased 40-90% in AD.**’ Also,
BuChE activity predominates in cognition and behavior re-
gions of the brain.*'** Selective BuChE inhibition by using
cymserine analogs resulted in raising acetylcholine levels in
the brains of rodents ** and BuChE knockout mice and silent
mutants in humans show no physiological disadvantage.**°
Therefore, development of BuChE-specific inhibitors may
be the promising strategy for treating AD without any serious
side effects.* In this work, we synthesized ALA-polyphenol
derivatives and checked their cholinesterase inhibition activity
by Ellman’s coupled enzyme assay.*” ALA and polyphenol
compounds utilized in this work were listed at Figure 1.

ALA-acetyl protected-syringic acid (AcSA) was prepared
by the activation/coupling reaction (Scheme 1). ALA was
initially activated with EDC/NHS in dichloromethane (MC).
NHS-activated ALA was reacted with 2-(2-aminoethoxy)
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Figure 1. The structures of parent molecules utilized in this work.

ethanol linker to result in compound 3 (73% isolated yield).
Acetyl protected syringic acid was converted to acid chlor-
ide 4 with SOCI, (89% isolated yield). Coupling reaction
between 3 and 4 in the presence of DMAP gave rise to
compound 5 (ALA-AcSA, 65% isolated yield). Acetyl pro-
tection group was removed by treatment of 5 with NH,NH,
in MeOH to form compound 6.

3,4,5-Trimethoxybenzoic acid (TMB), 3,4-dimethoxycin-
namic acid (DMC), acetyl protected ferulic acid (AcFA), 4-
acetyl protected-3-methoxycinnamic acid (AcMC), and 3,4-
diacetyl protected cafteic acid (AcCA) were activated to the
corresponding acid chloride and then coupled with 3 to
result in the ALA-TMB (7), ALA-DMC (8), ALA-AcFA
(9), ALA-AcMC (10), and ALA-AcCA (11), respectively.
The synthesized ALA-derivatives were listed in Figure 2.

The inhibitory results (ICsy value) for AChE and BuChE
with ALA, PPs, acetated-PPs, and ALA-hybridized compounds
were shown in Table 1.

The starting parent compounds didn’t show any inhibition
activity for cholinesterase. Also, all ALA-derivatives (5-11)
showed less than 50% inhibition efficiency at 400 uM for
ACHhE. But all ALA-derivatives improved inhibition activity
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Scheme 1. Synthesis of ALA-AcSA (5) and ALA-SA (6).
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for BuChE. Specially, the ICso values of ALA-AcMC (10)
and ALA-AcCA (11) decreased to 1.9+ 0.7 and 0.5 £ 0.2 uM
for BuChE inhibition, respectively. They also showed a great
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Figure 2. The structures of ALA-derivatives synthesized in this
work.

Table 1. ICso values of ALA, PPs, AcPPs, and ALA-derivatives for
cholinesterase inhibition

ACHhE inhibition BuChE inhibition

samples ICoo (uM)  ICs0 (uM)
Lipoic acid >1000 >1000
Caffeic acid >1100 >1100
Acetyl caffeic acid >800 >800
Syringic acid >1000 >1000
Acetyl syringic acid >800 >800
Ferulic acid >1000 >1000
Acetyl ferulic acid >800 >800
3,4,5-Trimethoxy benzoic acid >900 >900
5 (ALA-AcSA) >400 124.0 + 38.2
6 (ALA-SA) >400 228.7+£57.2
7 (ALA-TMB) >400 39.1+0.9
8 (ALA-DMC) >400 26.5+6.4
9 (ALA-ACFA) >400 609+174
10 (ALA-AcMC) >400 1.9+0.7
11 (ALA-AcCA) >400 0.5+0.2
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selectivity (more than 800 fold) for BuChE over AChE.
Since free phenolic compound 6 obtained from removing
acetyl group showed less inhibition effect than acetyl pro-
tected compound 5, we didn’t carry out deprotection proced-
ure for compounds, 9, 10, & 11.

From the comparison between 8 vs 9, 8 vs 10, 9 vs 11, and
10 vs 11, substitution at mefa position with acetyl group
would be the most important factor to increase the inhibition
efficiency for compounds 8-11. Compound 11, having two
acetyl groups at meta and para position, resulted in the best
inhibition effect for BuChE. There are several factors for
QSAR analysis; hydrophobicity parameter (7w), Hammett
electronic substituent constant (om & G,,), molar refractivity
(MR), efc (Table 2).*® The QSAR parameter values between
3-acetyl and 3-methoxy functional group of aromatic com-
pounds were analyzed. Hydrophilic group substituted at
meta position is more important than hydrophobic group (1
values : —0.66 for -OAc and —0.02 for -OMe). Since -OAc
group is more electron withdrawing group (from Hammett
electronic substituent constant value, o) and bigger size
(from molar refractivity, MR) than the -OMe group, electron
withdrawing effect and bigger size effect might be another
important factor to increase inhibition effect at the meta
position. Once acetyl group was substituted at the meta
position, more hydrophobic, more electron withdrawing, and
bigger size functional groups substituted at the para position
would increase the BuChE inhibition efficiency.

To explore the inhibition kinetics of 11, inhibition kinetic
studies at a different concentration of 11 were carried out.
The Lineweaver-Burk plot showed that it was a mixed

Table 2. Some aromatic substituent constants for structure-activity
correlations*®

Parameter
Substituent Om Or MR
-OH -0.67 0.12 -0.37 2.85
-OMe -0.02 0.12 -0.27 7.87
-OAc -0.64 0.39 0.31 12.47
1NV omax
1400 6000
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600 5000
400
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[1] uM 4000
2 3000
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Figure 3. Lineweaver-Burk plot using LA-AcCA (11) for the
inhibition kinetic study against BuChE (concentration: (@) 4 uM,
(4) 1 uM, () 0.5 uM, (4) = 0 uM).
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inhibition type, which varied both Vax and K, value (figure
3). The K; value of 11 for BuChE was 1.52 + 0.18 uM.

Conclusions

Seven hybrid compounds (5-11) were synthesized. Even
though the hybrid compounds between ALA and PPs didn’t
show any big improvement on AChE inhibition efficiency,
hybrid ALA-derivatives generally showed high inhibition
effect on BuChE inhibition. Specially, the ICso value of 10
and 11 was 1.9+ 0.7 and 0.5 + 0.2 uM for BuChE inhibition,
respectively. The concentration of acetylcholine (ACh) in
brain regions of patients suffering Alzheimer's disease (AD)
is lower than that of a healthy brain. This cholinergic deficit
can be partly corrected by inhibiting ChEs. In healthy brains,
ACHhE predominates (80%) and BuChE is considered to play
a minor role in regulating brain ACh levels. But in the AD
brain, BuChE activity rises while AChE activity remains un-
changed or declines. Recent research indicates that the selec-
tive inhibition of BuChE may provide more sustained effi-
cacy over the course of AD and may help to slow disease
progression.* Indeed, selective BuChE inhibition may pro-
vide all the cognitive benefits associated with classical
ACHhE inhibition without the characteristic and dose-limiting
adverse effect profile.”” In general, the majority of potent
cholinesterase inhibitors that are the focus of clinical and
scientific interest are alkaloids or quaternary ammonium
salts.”! ALA-PP derivatives would become a new type among
cholinesterase inhibitors. Since they showed high selective
inhibition effect for BuChE rather than AChE, further inves-
tigations will be carried out to check the activity against AD.
In this study, we reported one example of hybrid molecules
that had a positive activity for BuChE inhibition which
parents didn’t have. Since hybrid molecules synthesized
from this work showed new biological activity, molecular
hybridization between bioactive natural compounds will be
a good candidate to develop biological active compounds.
More compounds are now under synthesized to increase
inhibition effect and selectivity for BuChE.

Experimental

General Methods. 'H-NMR, and *C-NMR spectra were
recorded on a Varian Mercury 400 (400 MHz) and Bruker
ARX-300 (300 MHz). Melting points were determined on
SMP3. High-resolution mass spectra (HRMS) were recorded
on a JMS-700 Mstation mass spectrometer under fast atom
bombardment (FAB) conditions with nitro benzyl alcohol
(NBA) as the matrix in the Korea Basic Science Institute
(Seoul), Korea. Flash column chromatography was performed
using E. Merck silica gel (60, particle size 0.040-0.063 mm).
Analytical thin layer chromatography (TLC) was performed
using pre-coated TLC plates with silica Gel 60 F254 (E.
Merck). All of the synthetic reactions were carried out under
argon atmosphere with dry solvent, unless otherwise noted.
Tetrahydrofuran (THF) was distilled from sodium/benzo-
phenone immediately prior to use and methylene chloride
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(CH2Cl,) was dried from calcium hydride. All chemicals were
reagent grade unless otherwise specified. The (R)-lipoic acid,
NHS, and EDC were purchased from Sigma-Aldrich Chemical
Co. and used without purification.

Cholinesterase Assay. ChE-catalyzed hydrolysis of the
thiocholine esters was monitored by following production of
the anion of thiocholine at 412 nm by the Ellman’s coupled
assay. Assays were conducted on HP8452A or HP8453A diode
array UV-visible spectrophotometers and the cell compart-
ments were thermostated by circulating water or Peltier tem-
perature controller, respectively. Acetylthiocholine (ATCh)
and butyrylthiocholine (BuTCh) were used as substrates for
ACHhE and BuChE, respectively.

Synthesis.

2-(2-(5-(1,2-Dithiolan-3-yl)pentanamido)ethoxy)ethyl 4-
acetoxy-3,5-dimethoxybenzoate (5): (R)-Lipoic acid-linker
(30 mg, 0.10 mmol) was dissolved in 3 mL methylene chlo-
ride. DMAP (31 mg, 0.15 mmol) were added to the lipoic
acid-linker solution. The mixture was stirred for 15 min and
then acetyl syringic acid chloride (40 mg, 0.15 mmol) was
added to the solution at ice-bath. The mixture was stirred for
3 h at ice-bath and then extracted with 1N NaOH, 1N HCI,
and then washed with brine. The combined organic layer
was dried over anhydrous MgSOs. After the organic solvent
was removed under vacuum, the crude product was purified
by column chromatography (MC:MeOH = 9:1) to give 5 as
an oil (34 mg, 65% yield).

'H-NMR (CDCl;, 400 MHz) 1.42 (m, 2H), 1.68 (m, 4H),
1.90 (m, 1H), 2.16 (t, J = 7.2, 2H), 2.35 (s, 3H), 2.45 (m,
1H), 3.18 (m, 2H), 3.49 (t, J = 4.8, 2H), 3.58 (m, 1H), 3.61
(t, J=4.8,2H), 3.80 (t, J = 4.8, 2H), 3.90 (s, 6H), 4.50 (t, J
= 4.8, 2H), 5.87 (bs, 1H), 7.33 (s, 2H) *C-NMR (CDCl;,
100 MHz) & 20.6, 25.4, 29.0, 34.7, 36.5, 38.6, 39.5, 40.4,
56.5 (CH3x2), 56.6, 64.2, 69.2, 69.9, 106.5 (CHx2), 128.0,
132.9, 152.3 (CHx2), 166.1, 168.3 173.2, HRMS-FAB" (m/
z) clacd for C23H33NOsS:Na (M™ + Na) : 538.1545, found:
538.1714.

2-(2-(5-(1,2-Dithiolan-3-yl)pentanamido)ethoxy)ethyl 4-
hydroxy-3,5-dimethoxybenzoate (6): Compound 5 (100
mg, 0.19 mmol) was dissolved in methanol. Hydrazine
monohydrate (0.02 mL, 0.43 mmol) was added to the solu-
tion at room temperature. The mixture was stirred at room
temperature for 30 min. The reaction mixture was extracted
with ethylacetate. The organic layer was washed water and
then dried over anhydrous MgSOs. After the organic solvent
was removed under vacuum, the crude product was purified
by column chromatography to give 6 as a white salt (87 mg,
95% yield).

'H-NMR (CDCl;, 400 MHz) 1.42 (m, 2H), 1.68 (m, 4H),
1.90 (m, 1H), 2.25 (t, J = 7.2, 2H), 2.45 (m, 1H), 3.18 (m,
2H), 3.51 (g, J = 4.8, 2H), 3.59 (m, 1H), 3.61 (t, J = 4.8,
2H), 3.80 (t, J = 4.8, 2H), 3.90 (s, 6H), 4.49 (t, J = 4.8, 2H),
5.85 (bs, 1H), 7.34 (s, 2H) *C-NMR (CDCl;, 100 MHz) &
25.5,29.1, 34.8, 36.5, 38.7, 39.3, 40.4, 56.6, 56.7 (CH3x2),
63.9, 69.3, 70.0, 106.9 (CHx2), 120.9, 139.7, 146.9 (CHx2),
166.6, 173.0, HRN[S-FABJr (m/z) clacd for C21H32NO782
(M*+ H): 474.1620, found: 474.1616.
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2-(2-(5-(1,2-Dithiolan-3-yl)pentanamido)ethoxy)ethyl-
3,4,5-trimethoxybenzoate (7): (R)-Lipoic acid-linker (120
mg, 0.40 mmol) and TMB-acid chloride (150 mg, 0.50 mmol)
were reacted by following the previous procedure. After the
crude product was purified by column chromatography
(MC:MeOH =9:1), 7 was obtained as a white solid (190 mg,
79% yield).

'"H-NMR (CDCls, 400 MHz) 1.38 (m, 2H), 1.58 (m, 4H),
1.82 (m, 1H), 2.09 (t, J = 7.2, 2H), 2.38 (m, 1H), 3.04 (m, 2H),
3.40 (q, J = 4.8, 2H), 3.49 (m, 1H), 3.51 (t, J = 4.8, 2H),
3.75 (t,J = 4.8, 2H), 3.85 (s, 9H), 4.41 (t, J = 4.8, 2H), 5.93
(bs, 1H), 7.24 (s, 2H) *C-NMR (CDCl;, 100 MHz) & 24, 26
(CH2x2), 28.8, 30.9, 34.1, 34.6, 38.7, 40.3, 40.4, 56.5 (CH3
x2), 63.2, 69.3, 104.6 (CH»x2), 130.1, 153.3 (Cx2), 167.3,
168.6, 173.7, HRN[S-FAB+ (m/z) clacd for C22H33NO7SQ Na
(M*+Na): 510.1596, found: 510.1587

2-(2-(5-(1,2-Dithiolan-3-yl)pentanamido)ethoxy)ethyl 3-
(3,4-dimethoxyphenyl) acrylate (8): Compound 8 was
obtained as an oil (248 mg, 66% yield) from the following
the previous procedure by using lipoic acid-linker (233 mg,
0.87 mmol), DMAP (160 mg, 1.31 mmol) and 3,4-dimeth-
oxycinnamic acid-chloride (298 mg, 1.31 mmol).

"H-NMR (CDCls, 400 MHz) 1.39 (m, 2H), 1.60 (m, 4H),
1.81 (m, 1H), 2.13 (t, J = 7.6, 2H), 2.98 (m, 1H), 3.05 (m,
2H), 3.41 (g, J = 5.2, 2H), 3.50 (m, 1H), 3.52 (t, J = 4.8,
2H), 3.69 (t, J = 4.2, 2H), 3.84 (s, 6H), 4.30 (t, J = 4.2, 2H),
5.89 (bs, 1H), 6.28 (d, J = 16, 1H), 6.80 (d, J = 8.4, 1H),
6.99 (s, 1H), 7.04 (d, J = 8.4, 1H) 7.58 (d, J = 16, 1H) C-
NMR (CDCls, 100 MHz) & 24.3,27.9, 33.6, 35.4,37.4, 38.1,
39.2, 54.9, 55.0, 55.4, 62.2, 68.1, 68.8, 108.6, 110, 114.2,
121.8, 126.2, 144.3, 148.2, 150.3, 166.2, 171.7 MS (M+H)"
484.17.

2-(2-(5-(1,2-Dithiolan-3-yl)pentanamido)ethoxy)ethyl 3-
(4-acetoxy-3-methoxyphenyl) acrylate (9): Compound 9
was obtained as an oil (240 mg, 59% yield) from the following
the previous procedure by using lipoic acid-linker (200 mg,
0.68 mmol), DMAP (90 mg, 0.817 mmol) and acetyl ferulic
acid-chloride (260 mg, 1.02 mmol).

'"H-NMR (CDCls, 400 MHz) 1.44 (m, 2H), 1.68 (m, 4H),
1.89 (m, 1H), 2.19 (t, J = 7.6, 2H) 2.34 (s, 3H), 2.44 (m,
1H), 3.14 (m, 2H), 3.48 (q, J = 5.2, 2H), 3.55 (m, 1H), 3.60
(t,J=5.2,2H),3.73 (t, J=4.8,2H) 3.88 (s, 3H), 4.38 (t, J =
4.8, 2H), 5.88 (bs, 1H), 6.43 (d, J = 15.6, 2H) 7.06 (d, J = 8,
1H), 7.10 (s, 1H) 7.14 (d, J = 8, 1H), 7.67 (d, J = 15.6, 1H)
BC-NMR (CDCl;, 100 MHz) § 20.8, 25.5, 29.0, 34.8, 36.5,
38.6, 39.3, 40.4, 56.1, 56.6, 63.6, 69, 77.2, 105.0, 111.4,
118.3, 121.5, 123.5, 133.3 144.8, 151.6, 166.9, 168.9, 172.9,
HRMS-FAB* (m/z) clacd for CsH34NO5S;, (N[+ + H):
512.1777, found: 512.1777.

2-(2-(5-(1,2-Dithiolan-3-yl)pentanamido)ethoxy)ethyl 3-
(3-acetoxy-4-methoxyphenyl) acrylate (10): Compound
10 was obtained as an oil (242 mg, 60% yield) from the
following the previous procedure by using lipoic acid-linker
(233 mg, 0.78 mmol), DMAP (105 mg, 0.86 mmol) and
acetyl ferulic acid-chloride (239 mg, 0.94 mmol).

'H-NMR (CDCl;, 400 MHz) 1.44 (m, 2H), 1.68 (m, 4H),
1.89 (m, 1H), 2.19 (t, J = 7.6, 2H) 2.34 (s, 3H), 2.44 (m,
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1H), 3.14 (m, 2H), 3.48 (q, J = 5.2, 2H), 3.55 (m, 1H), 3.60
(t,J=5.2,2H),3.73 (t,J =4.8,2H) 3.88 (s, 3H), 4.37 (t, J =
4.8,2H), 5.92 (bs, 1H), 6.34 (d, J = 16, 1H) 6.97 (d, J = 8.8,
1H), 7.26 (s, 1H) 7.38 (d, J = 8.8, 1H), 7.63 (d, J = 16, 1H)
BC-NMR (CDCl;, 100 MHz) § 20.9, 25.6, 29.1, 34.8, 36.6,
38.7, 39.4, 40.4, 56.3, 56.6, 63.5, 69.3, 70.1, 112.5, 116.4,
122.3,127.5,127.9, 140.2, 144.4, 153.2, 167.2, 169.1, 172.9
MS (M+H)" 512.17.

4-(3-(2-(2-(5-(1,2-Dithiolan-3-yl)pentanamido)ethoxy)
ethoxy)-3-oxoprop-1-enyl)-1,2-phenylene diacetate (11):
Compound 11 was obtained as a pale yellow oil (220 mg,
60% yield) from the following the previous procedure by
using lipoic acid-linker (200 mg, 0.68 mmol), DMAP (91
mg, 0.75 mmol) and acetyl caffeic acid-chloride (401 mg,
1.42 mmol).

"H-NMR (CDCl;, 400 MHz) 1.44 (m, 2H), 1.68 (m, 4H),
1.90 (m, 1H), 2.20 (t, J = 7.6, 2H) 2.32 (s, 3H), 2.33 (s, 3H),
2.46 (m, 1H), 3.14 (m, 2H), 3.48 (g, J = 5.2, 2H), 3.55 (m,
1H), 3.60 (t, J = 5.2, 2H), 3.73 (t, J = 4.8, 2H), 4.38 (t, J =
4.8,2H), 5.88 (bs, 1H), 6.43 (d, J = 15.6,2H) 7.23 (d, J = 8§,
1H), 7.41 (s, 1H) 7.43 (d, J = 8, 1H), 7.65 (d, J = 15.6, 1H)
BC-NMR (DMSO, 100 MHz) § 20.9, 21.0, 25.7, 28.9, 34.7,
35.7, 39.0, 39.5, 56.8, 63.8, 68.6, 69.7, 119.6, 123.9, 124.8,
127.6, 133.5, 143.0, 143.6, 1442, 166.6, 168.7, 168.8,
172.7, HRMS-FAB" (m/z) clacd for C,sH33NOsS; Na (M* +
Na): 562.1545, found: 562.1541

Acknowledgments. This research was supported by a
grant (2010K000823) from Brain Research Center of the
21st Century Frontier Research Program funded by the
Ministry of Education, Science and Technology, the Republic
of Korea. We thank Y. H. Lim (KRISS) for assistance with
the Mass spectra analysis.

References

—

. Loktionov, A. J. Nutr. Biochem. 2003, 14, 426.

2. Reich, D. E.; Lander, E. S. Trends Genet. 2001, 17, 502.

3. Viegas-Junior, C.; Danuello, A.; Silva Bolzani, V.; Barreiro, E. J.;
Alberto, C.; Fraga, M. Current Medicinal Chemistry 2007, 14,
1829.

4. (a) Rosini, M.; Andrisano, V.; Bartolini, M.; Bolognesi, M. L.;
Cavalli, A.; Minarini, A.; Recanatini, M.; Tumiatti, V.; Melchiorre,
C. Sci. Pharm. 2005, 73, S37. (b) Koufaki, M.; Calogeropoulou,
T.; Detsi, A.; Roditis, A.; Kourounakis, A. P.; Papazafiri, P;
Tsiakitzis, K.; Gaitanaki, C.; Beis, 1.; Kourounakis, P. N. J. Med.
Chem. 2001, 44, 4300. (c) Rosini, M.; Andrisano, V.; Bartolini, M.;
Bolognesi, M. L.; Hrelia, P.; Minarini, A.; Tarozzi, A.; Melchiorre,
C. J. Med. Chem. 2005, 48, 360. (d) Ponpipom, M. M.; Bugianesi,
R. L.;Blake, T. J. J. Med. Chem. 1987, 30, 705. (¢) Koufaki, M.; Detsi,
A.; Theodorou, E.; Kiziridi, C.; Calogeropoulou, T.; Vassilopoulos, A.;
Kourounakis, A. P.; Rekka, E.; Kourounakis, P. N.; Gaitanaki, C.;
Papazafiri, P. Bioorg. Med. Chem. 2004, 12, 4835.

5. Seo, Y. M.; Nam, K. H.; Kang, P. S.; Ko, S. B.; Oh, E.; Sung, M.
T.; Choi, B. W.; Lee, B. H.; Park, J. H. Bull. Korean Chem. Soc.
2007, 28, 225.

. Evans, J. L.; Goldfine, 1. D. Diabetes Technol. Ther. 2000, 2, 401.

7. Scott, B. C.; Aruoma, O. I.; Evans, P. J.; O’Neill, C.; Van, d. V.;
Cross, C. E.; Trischler, H.; Halliwell, B. Free Rad. Res. 1994, 20,
119.

8. Deneke, S. M. Curr. Top. Cell Regul. 2000, 36, 151.

(o))



3002  Bull. Korean Chem. Soc. 2011, Vol. 32, No. 8

15.
16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

. Randle, P. J. Diabetes Metab. Rev. 1998, 14, 263.
. Suh, J. H.; Zhu, B. Z.; deSzoeke, E.; Frei, B.; Hagen, T. M. Redox

Rep. 2004, 9, 57.

. Matsugo, S.; Yan, L. J.; Han, D.; Trischer, H. J.; Packer, L.

Biochem. Biophys. Res. Commun. 1995, 208, 161.

. Packer, L.; Witt, E. H.; Tritschler, H. J. Free Rad. Biol. Med. 1995,

19,227.

. Biewenga, G. P.; Haenen, G. R. M. M; Bast, A. Gen. Pharmac.

1997, 29, 315.

. Borcea, V.; Nourooz-Zadeh, J.; Wolff, S. P.; Klevesath, M.; Hofmann,

M.; Urich, H.; Wahl, P.; Ziegler, R.; Tritshler, H.; Halliwell, B.;
Nawroth, P. P. Free Rad. Biol. Med. 1999, 26, 1495.

Freisleben, H. J. Toxicology 2000, 148, 159.

Maitra, 1.; Serbinova, E.; Trischler, H.; Packer, L. Free Rad. Biol.
Med. 1995, 18, 823.

. Packer, L.; Trischler, H.; Wessel, K. Free Rad. Biol. Med. 1997,

22,359.

Farr, S. A.; Poon,; Dogrukol-Ak, D.; Drake, J.; Banks, W. A.;
Eyerman, E.; Butterfield, D. A.; Morley, J. E. J. Neurochem. 2003,
84, 1173.

Hager, K.; Marahrens, A.; Kenklies, M.; Riederer, P.; Munch, G.
Arch. Gerontol. Geriatr. 2001, 32, 275.

Midaouri, A. E.; Elimadi, A.; Wu, L.; Haddad, P. S.; de Champlain,
J. Hypertens. 2003, 16, 173.

Di Stefano, A.; Sozio, P.; Cocco, A.; lannitelli, A.; Santucci, E.;
Costa, M.; Pecci, L.; Nasuti, C.; Cantalamessa, F.; Pinnen, F. J.
Med. Chem. 2006, 23, 1486.

Koufaki, M.; Calogeropoulou, T.; Detsi, A.; Roditis, A.; Kourounakis,
A. P; Papaza.i, P; Tsiakitzis, K.; Gaitanaki, C.; Beis, 1.; Kourounakis,
P.N. J. Med. Chem. 2001, 44, 4300.

(a) Durand, G,; Polidori, A.; Salles, J.-P.; Pucci, B. Bioorg. Med.
Chem. Lett. 2003, 13, 859. (b) Durand, G.; Polidori, A.; Salles, J.
P.; Prost, M.; Durand, P.; Pucci, B. Bioorg. Med. Chem. Lett. 2003,
13,2673.

Harnett, J. J.; Auguet, M.; Viossat, 1.; Dolo, C.; Bigg, D.; Chabrier,
P-E. Bioorg. Med. Chem. Lett. 2002, 12, 1439.

Guillonneau, C.; Charton, Y.; Ginot, Y-M.; Fouquier-d’Herouel,
M.-V.; Bertrand, M.; Lockhart, B.; Lestage, P.; Goldstein, S. Eur.
J. Med. Chem. 2003, 38, 1.

(a) Koufaki, M.; Detsi, A.; Theodorou, E.; Kiziridi, C.; Calogeropoulou,
T.; Vassilopoulos, A.; Kourounakis, A. P.; Rekka, E.; Kourounakis, P.
N.; Gaitanaki, C.; Papazafiri, P. Bioorg. Med. Chem. 2004, 12,
4835. (b) Melagraki, G.; Afantitis, A.; Igglessi-Markopoulou, O.;
Detsi, A.; Koufaki, M.; Kontogiorgis, C.; Hadjipavlou-Litina, D.
J. Eur. J. Med. Chem. 2009, 44, 3020.

Decker, M.; Kraus, B.; Heilmann, J. Bioorg. Med. Chem. 2008,
16,4252.

Koufaki, M.; Kiziridi, C.; Alexi, X.; Alexis, M. N. Bioorg. Med.
Chem. 2009, 17, 6432.

Mei, Y.; Wei, D.; Liu, J. Cancer Biol. Ther. 2005, 4, 468.

33.

34.

35.

36.

37.
38.

39.

40.
41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

SI.

Yeun Ji Woo et al.

. Jang, M.; Cai, L.; Udeani, G. O. Science 1997, 275, 218.
. Muldoon, M. F.; Kritchevsky, S. B. BMJ 1996, 312, 458.
. Zimmer, J.; Cooke, J. The Cardiovascular Cure: How to Strengthen

Your Self-defense against Heart Attack and Stroke; New York,
Broadway Books: 2002

Owen, R. W.; Giacosa, A.; Hull, W. E.; Haubner, R.; Spiegelhalder,
B.; Bartsch, H. Eur. J. Cancer 2000, 36, 1235.

Fitd, M.; Covas, M. 1.; Lamuela-Raventos, R. M. Lipids 2000, 35,
633.

Vieira, O.; Escargueil-Blanc, 1.; Meilhac, O. Br. J. Pharmacol.
1998, 123, 565.

Darvesh, S.; Hopkins, D.; Geula, C. Nat. Rev. Neurosci. 2003, 4,
131.

Bazelyansky, M.; Robey, E.; Kirsch, J. F. Biochem. 1986, 25, 125.
(a) Greig, N. H.; Utsuki, T.; Yu, Q.; Zhu, X.; Holloway, H. W.;
Perry, T.; Lee, B.; Ingram, D. K.; Lahiri, D. K. Curr. Med. Res. Opin.
2001, 77, 1. (b) Greig, N. H.; Sambamurti, K.; Yu, Q. S.; Greig,
N.; Sambamurti, K.; Yu, Q.; Perry, T.; Holloway, H.; Haberman,
F.; Brossi, A.; Ingram, D.; Lahiri, D. In Butyrylcholinesterase: Its
Function and Inhibition; Giacobini, E., Ed.; Martin Dunitz:
London, 2003; 69.

Perry, E. K.; Perry, R. H.; Blessed, G.; Tomlinson, B. E. Neuro-
pathol. Appl. Neurobiol. 1978, 4, 273.

Mesulam, M. M.; Geula, C. Ann. Neurol. 1994, 36, 722

Darvesh, S.; Grantham, D. L.; Hopkins, D. A. J. Comp. Neurol.
1998, 393, 374.

Darvesh, S.; Hopkins, D. A.; Geula, C. Nat. Rev. Neurosci. 2003,
4,131.

Greig, N. H.; Utsuki, T.; Ingram, D. K.; Wang, Y.; Pepeu, G;
Scali, C.; Yu, Q. S.; Mamczarz, J.; Hollway, H. W.; Giordano, T.;
Chen, D.; Furukawa, K.; Sambamurti, K.; Brossi, A.; Lahiri, D.
K. PNAS. 2005, 102, 17213.

Li, B.; Duysen, E.; Carlson, M.; Lockridge, O. J. Pharmacol. Exp.
Ther. 2008, 324, 1146.

Primo-Parmo, S.; Bartels, C.; Wiersema, B.; van der Spek, A.;
Innis, J.; La Du, B. Am. J. Hum. Genet. 1996, 58, 52

Greig, N. H.; Lahiri, D. K.; Sambamurti, K. Int. Psychogeriatr.
2002, 14, 77.

Ellman, G. L.; Coutney, K. D.; Andres, V., Jr.; Featherstone, R. M.
Biochem. Pharmacol. 1961, 7, 88.

Hansch, C.; Leo, A.; Unger, S. H.; Kim, K. H.; Xikaitani, D.;
Lien, E. J. J. Med. Chem. 1973, 16, 1207

Basran, J.; Mewies, M.; Mathews, F. S.; Scrutton, N. S. Biochem.
1997, 36, 1989.

Greig, N. H.; Utsuki, T.; Ingram, D. K.; Wang, Y.; Pepeu, G;
Scali, C.; Yu, Q.-S.; Mamczarz, J.; Harold W. Holloway, 111h.
W.; Giordano, T.; Chen, D.; Furukawa, K.; Sambamurti, K.;
Brossi, A.; Lahiri, D. K. PNAS 2005, 102, 17213.

Brossi, A. J. Med. Chem. 1990, 33, 2311.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


