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Scheme 1. Retrosynthetic Analysis of Epiquinamide

Our synthesis commenced with the benzylation of
(L)-glutamic acid (6) to provide dibenzylamino
benzoate 7 in moderate yield. Treatment of acid/ester 7
with lithium aluminum hydride gave diol 8 in
quantitative yield and subsequent treatment with
TBDPSCI afforded monosilyl ether 9 with silyl
protection selectively on the more hindered side in
39% yield. Oxidation of alcohol 9 with Jones reagent
produced carboxylic acid 5 in 54% yield. Coupling of
acid 5 and 3-butenylamine hydrochloride in the
presence of DMAP and EDC proceeded smoothly to
give amide 10. Deprotection of the silyl ether with
TBAF gave amide alcohol 11. Swern oxidation of the
hydroxyl group then afforded aldehyde 12. The
aldehyde was in equilibrium with hydroxylactam 4 and
its reaction with TMSOTT resulted in in situ generation
of N-acyliminium ion. Cyclization of this intermediate
gave bicyclic lactam 2. The protected amino
quinolizidinone framework of this compound is
equipped for the completion of the total synthesis of
epiquiamide with further steps of functional group
conversions.

4. Conclusions

A synthesis of 5-dibenzylamino quinolizidinone is
herein reported. This key intermediate in our synthetic
approach toward epiquinamide was synthesized in 8
steps from (L)-glutamic acid. The key reaction was N-
acyliminium ion cyclization. The completion of total
synthesis of epiquinaide from this advanced
intermediate required a few more steps of lactam
carbonyl reduction, N-benzyl hydrogenolysis/C=C
bond hydrogenation, and N-acetylation. The
completion of the total synthesis will be reported in
due course.

o o BnCl, NaOH,K,co; @ Q
M~ MeoH:H,0 (11) - I~
HO Y OH _— HO b OBn

NH, 53% NBn,
(L)-glutamic acid 6 7
LAH, THF
0°C, 98%
NaH, THF
TBDPSCI OH OH
TBDPSO OH 39%
9 NBn, NBn,
Jones reagent 8
54%
TBDPSO o TBDPSO o
Z " NH, *HCI K/\)LNH
— oH ———————> :
z NBn
5 DMAP, EDC 2
NBn, CH,Cly, 70% 10
=
TBAF, 75%
(@] (0]
)K/\)L ™ 7
Ho Y N M A
N H Swern oxidation N
NBn, B
< n2
2 quantitative 11
(@]
TMSOTf
C _CHCl, 7N
75% oot
NBn2 2 NBn;

Scheme 2. Synthesis of Dibenzylamino
Quinolizidinone 2
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Abstract: Capsiate (1) is a chemical analogue of capsaicin
and belongs to capsinoid family. Both capsaicin and
capsiate were composed of hydrophilic aromatic ring
well known as vanilloid region and hydrophobic long
chain fatty acid through an amide bond and ester bond,
respectively. The potential clinical use of its analgesic and
peripheral anti-inflammatory effects has attracted much
attention and prompted investigation into the
relationship between the structure of capsiate analogues
and their agonist activities. Structural design to enhance
binding interaction with TRPV1 receptor becomes the
main point of both anti-inflammatory and anti-pain.
Replacement of the amide bond in capsaicin with the
ester bond in the capsiate resulted in a non-pungent
property making it possible to utilize capsiate as food and
drugs. Although capsiate has played an important role
similarly to capsaicin through non-pungent and non-
toxicity properties, on the other hand, it is unstable and
easily decomposed. Consequently, improvement the
stability of capsiate (1) was initially conducted by
modification of capsiate (1) to reverse capsiate analogue,
alteration of ester bond position, via esterification
reaction. Reverse capsiate analogue, (E)-oct-5-enyl 2-(4-
hydroxy-3-methoxy phenyl) acetate (2), was prepared as
a model structure for preliminary observation of its
stability comparing with capsiate. The reverse capsiate
analogue was easily prepared via esterification reaction
of homovanillic acid and (Z)-oct-5-en-1-ol by using N,N'-
dicyclohexylcarbodiimide (DCC), and 4-dimethylamino
pyridine (DMAP), and 1-hydroxybenzotriazole (HOBt)
then followed with isomerization. It was found that
reverse analogue (2) was successfully prepared in 72%
yields and it was more stable than capsiate at ambient
environment and was easily purified by conventional
chromatographic procedure. The more stable reverse
capsiate analogues will be employed as one of alternative
tool to validate the binding mechanism between capsiate
and TRPV1 receptor. The valuable binding information
of capsiate will be further employed for designing of the
capsiate analogues that contain specific desired activities
in the future.

1. Introduction

Capsinoid, an analogue of capsaicinoids, was
composed of capsiate, dihydrocapsiate  and
norhydrocapsiate. In 1998, capsiniods was first
isolated by Kobata and co-workers [1] from a sweet
pepper named “CH-19 sweet” with an exceptionally
physical property that was totally different from
capsaicinoids.  Usually, capsaicinoids are high
pungency and exhibit a significant burning sensation;
however, capsinoids show slightly pungent and almost
no sign of burning sensation when exposed to skin.

With such drastic diverse physical properties between
capsinoids and capsaicinoids, several researches
proposed that this might contribute from their minor
different in their molecular structures.

The molecular structure of capsinoids and
capsaicinoids were almost identical. Both of
capsinoids and capsaicinoids were composed of a
hydrophilic ring which well known as vanilloid region
(A-region) and a lipophilic carbon chain on the other
(C-region).[2-5] The only difference was that
capsinoids use an ester bond linkage (region B) to
connect A-region and B-region together while
capsaicinoids use an amide bond. (Figure 1)

o Capsaicinoids
H3CO NJ\ =
H
HO
A B (e}
o Capsinoids
HsCojij//\o/U\\/\/\/\(
HO
A B C

Figure 1 Structure of Capsaicinoids and Capsinoids

With such excellent physical properties that
mentioned  above, several researches  were
concentrated on how their activities would be as well
as how to implement them for pharmaceutical
applications. Since then, several biological activities
were disclosed. For example, it has a wide range of
biological effects on the cardiovascular, nervous, and
respiratory systems and anti-obesity.[6-8] Some
capsinoid analogues were useful as an analgesic drug
and anti-inflammatory property.[9]

Although capsinoids has played an important
role similarly to capsaicinoids with more advantages in
term of non-pungent and non-toxicity; on the other
hand, they were highly unstable and easily
decomposed when exposed under the light and high
temperature over a short periods of time.[10]
Consequently, it would be very difficult to apply
capsinoids in  several applications especially
pharmaceutical applications due to capsinoids would
decompose instantly after exposure to water and all




protic solvents which make capsinoids become less
practical for using as drugs.

In this investigation, we modified capsiate (1)
to reverse analogue, (E)-oct-5-enyl 2-(4-hydroxy-3-
methoxy phenyl) acetate (2) (Figure 2), alteration of
ester bond position, via esterification reaction and
studied the stability of both 1 and 2 in protic solvent
system in order to evaluate the possible use as a novel
anti-inflammatory and anti-pain agents.

-----------------------------------------
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HO Vo i

\\\O Ay :

HsCO S :
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__________________ [
Capsiate(1)

H
RO Ut
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Reverse Analogue(2)

Figure 2 Structure of capsiate (1) and
reverse analogue (2)

2. Materials and Methods

2.1 Chemicals and reagents

All of chemical reagent were purchased from Fluka
Co., Ltd., Merck Co., Ltd., Acros Co., Ltd., Aldrich
Co., Ltd., Chemprep Co., Ltd. and Lab Scan Co., Ltd.,
solvent for reactions were AR grade and anhydrous
CH,Cl, were dried over activated 3A molecular
sieves(H,O < 0.01%) using as solvent was purchased
from Merck.

For esterification synthesis, coupling agents were
obtained from commercial source and used without
purification. IUPAC name N,N'-Dicyclohexylcarbodi
imide (DCC) 98%, 4-Dimethylaminopyridine (DMAP)
98%, 1-Hydroxybenzotriazole (HOBt) 98%. Chemical
substances, Homovanillic acid 98% and (Z)-oct-5-en-
1-ol 98%, were purchased from Sigma-Aldrich Co.,
Ltd. Deuterated solvent for NMR characterization,
Chloroform-d (CDCl3) was purchased from Aldrich
Co., Ltd., respectively.

HPLC grade Methanol for HPLC experiments,
obtained from Lab Scan, were filtered through Nylon
membrane before use. DI water was obtained from
ultrapure water system with ELGA (England).

2.2 Apparatus

All glassware was oven dried. The progress of
reactions was monitored by thin layer chromato-
graphy (TLC) (Merck D.C. silica gel 60 Fys4 0.2 mm-
pre-coated aluminium plates). Visualization of TLC
plates was accomplished using either UV light (254
nm), stained by Phosphomolybdic acid solution.
Evaporation of solvents was performed on Buchi
Rotavapor R-114 with a water aspirator model B-480
or a Refco Vacubrand pump. The weight of all
chemical substances was determined on Sartorius
electrical balance. Column chromatography was

performed on silica gel having 60-200 um for column
chroma-tography.

'H-NMR and ™C-NMR spectra were
recorded on a Bruker NMR spectrometer operating at
400 MHz for 'H-NMR and 100 MHz for *C-NMR in
appropriate deuterated solvents. Chemical shifts (3) are
reported in part per million (ppm) relative to either
tetramethylsiline (TMS) or the residual protonated
solvent signal as a reference.

HPLC chromatograms were recorded on
Agilent 1100 series, HPLC system composed of a
G1311A Quat Pump and G1315A DAD HPLC System
, controller system equipped with gradient pump and
Agilent 1100 series photodiode array detector. A
VertiSep UPS C18 HPLC column, 4.6 x 250 mm, 5
um. was used for the stability test. Peak monitoring
and data processing were performed on the base
Empower software.

2.3 Synthesis of reverse analogue 2

The synthetic procedures of reverse capsiate
analogue can be prepared via esterification reaction
[11] between homovanillic acid and unsaturated
primary alcohol using coupling reagents DCC, DMAP
and HOBt (scheme 1)

Esterification

HO HO
Q@ . R DCCIDMAP 0
—om~ HCo R
HsCO OH HOBt 0 o)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

\ Isomerization

2M NaNO,/6M HNO3

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Reverse Capsiate analogues (2)
Scheme 1 Synthesis of reverse analogue 2

(E)-oct-5-enyl  2-(4-hydroxy-3-methoxy phenyl)
acetate (2), started with stirred solution of
homovanillic acid 0.274 mmol and 1-hydroxybenzo
triazole (HOBt) 0.549 mmol in anhydrous dichloro
methane 3 mL then slowly added N,N'-dicyclohexyl
carbodiimide (DCC) 0.549 mmol by dropwise over 20
minutes after that added the solution of Z-5-octen-1-ol
0.549 mmol and 4-dimethylaminopyridine (DMAP)
0.549 mmol in anhydrous dichloromethane 3 mL at
0°C under N, atmosphere then added into reaction and
stirred reaction for 24 hours. The precipitate of DCU
was filtered and washed with dichloromethane then
work up with brine solution extracted with diethyl
ether 10 mL for 3 times after that evaporated and
purification by Column chromatography silica gel
(AcOEt/hexane) gave the Z isomer as a colorless liquid
oil.

Next, isomerization of (Z)-oct-5-enyl 2-(4-
hydroxy-3-methoxy phenyl)acetate[12,13], a quantity
of 1.33 mmol of this compound was reacted with 2M
NaNO, and 6M HNOj, the mixture reaction was
submitted to vigorous stirring, and was heated to 70 'C




for 1.5 hours. Then, the reaction mixture was left to
cool. Once cooled, the reaction was stopped with about
10 mL of ethyl ether, after purification of the mixture,
whitish colorless oil was obtained that corresponded to
(E)-oct-5-enyl 2-(4-hydroxy-3-methoxy phenyl)acetate
give 72% vyields, ‘H-NMR (400 MHz, CDCl) &y
6.842 (d, J=8 Hz, 1H), 6.796 (s, 1H) and 6.749 (d,
J=9.6 Hz, 1H), OH show at 5.581 (s, 1H) trans double
bond of this structure show at 5.370 (g, J=10.8, 1H)
and 5.267 (q, J=10.8, 1H), O-CH, (ester bond) show at
4.076 (t, J=13.2 Hz, 2H) O-CHj; show peak at 3.866 (s,
3H), -CH, bond with carbonyl position show peak at
3.521 (s, 2H), CH, next to double bond show peak at
2.021 (m, 4H), -CH, alkane chain show peak at 1.618
(m, 2H), 1.377 (m, 2H) and 0.938 (m, 3H),"*C-NMR
(100 MHz, CDCl3) 8¢ 172.1, 146.6, 144.8, 132.3,
128.6, 126.0, 122.2, 114.5, 111.8, 64.9, 56.0, 41.1,
28.2,26.7,26.1, 20.6, 14.4.

2.3 Stability of capsitae (1) and reverse analogues 2 in
protic solvent

Capsiate 1.10 mmol in methanol and reverse
analogues 2, (E)-oct-5-enyl 2-(4-hydroxy-3-methoxy
phenyl)acetate 1.10 mmol in methanol and ethanol
were kept at room temperature. An aliquot of the each
samples were taken at adequate time. After that, the
amount of capsiate and reverse analogue 2 had been
monitored by HPLC technique.

HPLC was carried out under the following
conditions: column, VertiSep UPS C18 HPLC column,
4.6 x 250 mm, 5 um; mobile phase solvent, 80%
methanol in H,O; flow rate, 0.5 mL/min; detection
DAD UV, 280 nm.

3. Results and Discussion
3.1 Synthesis of reverse analogue 2

Reverse analogue 2 was readily prepared via
coupling reaction using HOBt and DCC as coupling
agents and the yield of reverse analogue 2 was 72%.
To confirm the ester linkage formation of 2, *C- NMR
spectroscopy was utilized and the peak at 172.1 ppm
was observed which clearly indicated that
homovanillic acid was converted to ester group.
Additionally, 'H-NMR was also employed to
reconfirm the presence of reverse analogue 2 and it
was found that both aromatic proton with chemical
shift at 6.84, 6.79, and 6.74 ppm and hydrocarbon
proton residue at 5.37 and 5.26 ppm (trans double
bond moiety) were also observed.

Figure 3 *H-NMR spectrum of reverse analogue 2

Figure 4 *C-NMR spectrum of reverse analogue 2

3.2 Stability of reverse analogue 2 in protic solvents

Having 2 in hand, stability of the reverse analogue
2 was investigated by compare with capsiate. Previous
reports mentioned that capsiate was unstable in the
presence of protic solvent and this disadvantage make
capsiate is less likely attractive as drugs due to
complicated steps during drug formulation. To
evaluate the stability of reverse analogue 2, both of
capsiate and reverse analogue 2 were dissolved in
protic solvent and were sampling then were injected to
HPLC to monitor the decreased amount of both
capsiate and reverse analogue 2

From figure 5, it was found that capsiate was
gradually decomposed over period of times and the
half-life period was approximately 45 hours. It was
totally degraded after 70 hours. The decomposition of
capsiate was possibly originating from the destruction
of ester bond via quinone methide pathways.[14] On
the other hand, reverse analogue 2 showed no sign of
degradation even at more than 70 hours and 2 was also
stable in both methanol and ethanol system. This result
showed that alteration of ester linkage was
significantly hindered the destruction of reverse
analogues from p-quinone methide degradation. More
details of this incident are currently investigating.

Figure 5 Change in reverse analogue (2) with time in
methanol (Il ) and ethanol (A) at 25 °C
(@) capsiate in methanol.




4. Conclusions

In this study, it showed that reverse analogue
2 was easily synthesized and was also stable in both
methanol and ethanol. Moreover, the reverse analogue
2 was more stable than capsiate. Next, the stable
reverse analogue 2 will be employed as one of
alternative tool to validate the binding mechanism
between capsiate and TRPV1 receptor and the
valuable binding information of capsiate will be
further used for designing of the more potent capsiate
analogues that contain specific desired activities in the
future.
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Abstract:Capsaicin is the high potential natural pain
relief agent that found in Capsicum annuum fruits via
interacts to transient receptor potential cation channel,
subfamily V member 1 (TRPV1) with the 3 main forces
H-bonding, steric fit and =n-n stacking. Forasmuch, the
very strong pungency and burning sensation make
capsaicin become less attractive to use as drugs.
Interestingly, capsiate or (E)-4-hydroxy-3-methoxybenzyl
8-methylnon-6-enoate, the natural analogue of capsaicin
that obtained from Capsicum annuum cv. CH-19 Sweet
fruits, is the non-pungent substance. Despite the
difference of structure, it was found that capsiate still
interacted with TRPV1 in the gut. Due to lacking of
pungency and burning sensation, it clearly makes
capsiate become a very interesting substance for
substitution on capsaicin to provide effective pain
reduction in human. The modification of capsiate by
means of enhance n-mt stacking interaction could provide
the highly interaction with TRPV1 receptor. Therefore,
designed capsiate analogue underwent by replacement of
-OCHj; on aromatic with the highly electron withdrawing
group to promote dipole moment that is -NO, group
without disturbing -OH. The synthesis of capsiate and
nitro-capsiate were successes by Mitsunobu reaction with
yield of 72% and 65%, respectively. Next, the stability of
capsiate and nitro-capsiate in protic solvent were
investigated. From HPLC chromatogram, it was found
that both capsiate and nitro-capsiate were unstable in
protic solvent. Especially, nitro-capsiate was decomposed
2 times faster than the capsiate. From the results, it's
shown that replacement of -NO, group could possibly
accelerate the decomposition through the para-
quinonemethide intermediate. Such a highly unstable
behavior of nitro-capsiate hindered itself as a potential
pain relief agent. Therefore, further alteration of nitro-
capsiate will be explored in order to render the rapid
decomposition while maintaining high =#-m stacking
interaction.

1. Introduction

Capsaicin (1), the most active ingredient of
capsaicinoid group, usually exhibits in Capsicum
annuum. Capsaicinoids are consisting of two
functional groups. One is vanilly amine and the other
is fatty acid containing either long chain alkyl or
alkenyl groups and both functional groups are
connected together via amide bond.[1] Generally,
capsaicinoids are widely used as food additives,
antioxidant supplementary,[2] antimicrobial drug,[3]
anti-inflammatory drug[4] and especially antipain
agent.[5] The pain relief mechanism of capsaicin is
involved with transient receptor potential cation

channel, subfamily V member 1 (TRPV1) on
nonciceptive C-fibre to rapidly increase substance P
(SP) and calcitonin gene-related peptide (CGRP) in a
short period of time. After that, SP and CGRP will
simultaneously replace the pain receptor resulting pain
relief.[6] However, the very strong pungency and
burning sensation make capsaicin become less
attractive to use as drugs.

Recently, the non-pungency isostere compound of
capsaicin named capsiate (2) was isolated from
Capsicum annuum cv. CH-19 Sweet. Interestingly, the
chemical structure of capsiate is similar to capsaicin
except the linkage between vanilly alcohol and fatty
acid which is connected by ester bond. Having such a
different linkage, they still exhibit almost similar
properties with capsaicin such as solubility,
biosynthesis pathway and metabolic pathway.[8]
Lacking of pungency while still maintaining activity as
similar as capsaicin makes capsiate become a very
interesting substance for substitution on capsaicin to
provide more effective pain reduction in human.
Surprisingly, the binding mechanism between capsiate
and TRPV1 receptor has not yet been clear even
though capsiate was isolated since 20 years ago.
However, many researchers have been demonstrated
that mechanism of both capsaicin and capsiate should
have somewhat similar manner.[9] From the previous
reports, it was established that capsaicin and TRPV1
receptor interacted by three difference forces (figure
1); hydrogen bonding interaction at position 1, 3 and 4,
n- stacking interaction of the aromatic part at position
2, and finally a steric fit interaction of the long chain
fatty acid at position 5.[10]

Figure 1. Binding interaction between capsaicin and
TRPV 1 receptor




In the case of capsiate, it lacks of hydrogen
bonding at position 3. Therefore, increasing of n-n
stacking interaction of aromatic region should be one
appropriate choice to enhance the binding affinity of
capsiate and TRPV1 receptor.

Under this investigation, we designed capsiate
analogue via replacement of -OCHs; on aromatic with
the highly electron withdrawing group to promote
dipole moment that is -NO, group (3) and studied the
stability in the polar protic solvent system.

o
H,CO N —
H
HO

Capsaicin (1)

o
H3;CO.
Y
HO

Capsiate (2)

o
OZNﬁOM
HO
Nitrocapsiate (3)

Figure 2.Chemical structures of capsaicin (1), capsiate
(2) and nitrocapsiate (3)

2. Materials and Methods

2.1 Chemicals

All  commercially available chemicals were
purchased from Fluka Co., Ltd,Merck Co., Ltd, Acros
Co., Ltd, Aldrich Co., Ltd, Chempep Co., Ltd and Lab
ScanCo., Ltd, Thai can biotech Co., Ltd. and all
chemicals were used without purification unless
otherwise stated. Commercial grade solvents for
column chromatography were distilled prior to use.

Solvent for reactions were AR grade and were used
without purification. HPLC grade methanol for HPLC
experiments, obtained from Lab Scan, was filtered
through 0.45 pm Nylon membrane before use. DI
water was obtained from ultrapure water system with
ELGA (England).

For capsiate and analogue synthesis, anhydrous
DMF and THF (H,O < 0.01 % dried over activated 3A
molecular sieves) using as solvent was purchased from
Merck. Isomerization and coupling agents were
obtained from commercial source and used without
purification, IUPAC name 95% 4-(hydroxymethyl)-2-
methoxyphe-nol, 99% triphenyl phosphine, 37%
hydrochloric acid, 65% nitric acid, 98% diethyl
azodicarboxylate (DIAD).

Deuterated solvent for NMR characterization,
Chloroform-d (CDCl3) and Deuterium (D,O) were
purchased from Aldrich.

2.2 Apparatus

All glasswares were oven dried. The progress of
reactions were monitored by thin layer
chromatography (TLC) (Merck D.C. silica gel 60 Fus4
0.2 mm pre-coated aluminium plates). Visualization of
TLC plates was accomplished by using either UV light
(254 nm), or staining by p-anisaldehyde and
phosphomolybdic acid solution. Evaporation of
solvents was performed on Biichi Rotavapor R-114
with a water aspirator model B-480 or a Refco
Vacubrand pump. The weight of all chemical
substances was determined on Sartorius electrical
balance. Column chromatography was performed on
silica gel having 60-200 pm for column
chromatography.

'H-NMR spectra were recorded on a Bruker NMR
spectrometer operating at 400 MHz in appropriate
deuterated solvents. Chemical shifts () are reported in
part per million (ppm) relative to either
tetramethylsiline (TMS) or the residual protonated
solvent signal as a reference.

HPLC chromatograms were recorded on Agilent
1100 series, HPLC system composed of a G1311A
Quat Pump and G1315A DAD HPLC System,
controller system equipped with gradient pump and
Agilent 1100 series photodiode array detector. A
VertiSep UPS C18 HPLC column, 4.6 x 250 mm, 5
um. was used for the isolation of E/Z isomers. Peak
monitoring and data processing were performed on the
base Empower software.

2.3Synthesis of capsiate and analogue
(E)-4-hydroxy-3-methoxybenzyl-8-methylnon-6-
enoate  (2).  4-(hydroxymethyl)-2-methoxyphenol
(0.176 mmol), a mixture of 1:6 (Z) and (E)-8-methyl-
6-nonenoic acid (0.212 mmol) and triphenyl-
phosphine (0.353 mmol) were dissolved in 3 mL of
dry THF, stirred at 0 °C for 0.5 hour. After that, DIAD
(0.353 mmol) was added dropwise to the solution. The
mixture was stirred for 24 hour at room temperature,
the reaction followed by TLC (30% EtOAc in
Hexane). The solution was removed THF with N,
purged and rapidly purified by silica gel column
chromatography under the conditions of 30% EtOAc
in Hexane. The eluent gave colourless oil (38.8 mg,
72% vyield). The structure was confirmed by ‘*H NMR
400 MHz (CDCls) 8y 0.92 ppm (d, j = 4 Hz, 6H), 84
1.31 ppm (m, 2H), 841.59 ppm (m, 2H), 64 1.98 ppm
(m, 2H), &y 2.19 ppm (M, 1H), 6y 2.24 ppm (M, 2H),
8y 3.90 ppm (s, 3H), 84 5.02 ppm (s, 2H), 84 5.30 ppm
(m, 2H), 84 5.62 ppm (s, 1H), oy 6.88 ppm (m, 3H).
(E)-4-hydroxy-3-nitrobenzyl 8-methylnon-6-enoate
(3).4-(hydroxymethyl)-2-nitrophenol (0.176 mmol), a
mixture of 1:6 (Z) and (E)-8-methyl-6-nonenoic acid
(0.212 mmol) and triphenylphosphine (0.353 mmol)
was dissolved in 3 mL of dry THF, stirred at 0 °C for
0.5 hour. After that, DIAD (0.353 mmol) was added
dropwise to the solution. The mixture was stirred for
24 hour at room temperature, the reaction followed by
TLC (30% EtOAc in Hexane). The solution was




removed THF with N, purged and rapidly purified by
silica gel column chromatographyunder the conditions
of 30% EtOAc in Hexane. The eluent gave colourless
oil (36.7 mg, 65% yield). The structure was confirmed
by *H NMR 400 MHz (CDCl5)8, 0.96 ppm (d, j = 4
Hz, 6H), 5,41.38 ppm (m, 2H), 841.60 ppm (m, 2H), 3y
1.99 ppm (m, 2H), 84 2.20 ppm (m, 1H), 84 2.35 ppm
(m, 2H), 84 5.06 ppm (s, 2H), 84 5.30 ppm (m, 2H), 3y
7.14 ppm (d, j =8, 1H), 8 7.58 ppm (d, j = 6 Hz, 1H),
Sy 8.12 ppm (s, 1H), &y 10.59 ppm (s, 1H).

2.4 Stability of capsiate and nitro-capsiate in polar
protic solvent.

Capsiate (1.1 mmol) and nitro-capsiate (1.1 mmol)
was dissolved in methanol solution (80% methanol in
water). Immediately after the preparation, the sample
was kept at 25 °C. An aliquot of the sample (5 ul) was
taken at adequate time to analyse by HPLC for 50
hours. HPLC was carried out under the following
conditions: column, VertiSep UPS C18, 4.6 x 250 mm,
5 um, solvent, 80% methanol in water with 0.05 %
glacial acetic acid, flow rate 0.5 mL/min for capsiate
and 0.4 mL/min for nitro-capsiate, detection UV 280
nm.

3. Results and Discussion

3.1 Synthesis of capsiate and its analogue

Capsiate and nitro-capsiate  were successful
synthesized via Mitsunobu esterification with highly
yield. The chemical structures of both compounds
were proved by *H NMR (figure 3), confirmed with
the chemical shift of -OCH; group at 3.90 ppm in
capsiate, the shielding of aromatic protons in nitro-
capsiate and proton on -OH group that disappeared in
capsiate, whereas appeared in nitro-capsiate due to the
electron withdrawing effect of -NO, group at 10.59

ppm.

3) (2) (1)
(b)

@

Figure 3. "H NMR spectrum, (a) capsiate, (b) nito-
capsiate. (1) shows the chemical shift of *H on -OCHj
group in capsiate, (2) shows the shielding of aromatic
'H and (3) shows *H of -OH group in nitro-capsiate.

3.2 Stability of capsiate and its analogue

Due to the capsiate and nitro-capsiate was designed
base on a potential anti-pain drug, the stability in cell
solution (buffer pH 7.4) or polar protic solvent become
the most important property. Therefore, the stability of

both compounds was investigated, 80% Methanol in
water was used as a polar protic solvent to study.

The stability of capsiate was determined by reverse
phase HPLC (C-18) in the condition of 80 % methanol
in water with 0.005 % of glacial acetic acid, the flow
rate was elucidated for separated (Z) and (E)-isomers,
and the optimum is 0.5 ml/min. The chromatogram of
capsiate shown the separation of (Z)-isomer, the
retention time at 28.34 min and (E)-isomer, the
retention time at 29.40 min at the ratio 1: 6 of (2) :
(E)-isomer (figure 4).

H4CO. i = (0)
HOD/\OM

(E)-isomer of capsiate

w/

H1CO.

3 D/\o 7
HO’

(Z)-isomer of capsiate

@

Figure 4.Chromatogram of capsiate, (a) (Z)-isomer
capsiate and (b) (E)-isomer capsiate.

For the determination of the stability of nitro-
capsiate, the same method of capsiate was carried out.
The flow rate was elucidated for separated (Z) and (E)-
isomers, and the optimum is 0.4 ml/min. Figure 4
shows the chromatogram of nitro-capsiate, (Z) and (E)-
isomers was separated, the retention time of (2)-
isomer is 166.74 min and (E)-isomer is 173.93 min at
the ratio 1: 6 of (Z) : (E)-isomer.

o
oN P (b)
HODAOM

(E)-isomer of nitro-capsiate

(Z)-isomer of nitro-capsiate (a)

Figure 5. Chromatogram of nitro-capsiate. (a) (2)-
isomer nitro-capsiate and, (b) (E)-isomer nitro-
capsiate.

Figure 6 shows percent remaining of capsiate and
nitro-capsiate that obtained from peak area of (E)-
isomer of both compounds with time in polar protic
solvent (80% methanol in H,O with 0.005 % of
glacial acetic acid) at 25 °C. In the period of 0-5 hours,
capsiate and nitro-capsiate show no significant
differential but after 5 hours, it was clearly that nitro-
capsiate start degrading faster than capsiate and
completely decomposed at 50 hours whereas capsiate




still remaining 40 %. The half-life of capsiate is
approximately 46 hours but nitro-capsiate is 20 hours.

Figure 6. The stability of capsiate and nitro-capsiate in
80% methanol in H,0

As the results, capsiate is more stable in polar
protic solvent than nitro-capsiate. It suggested that the
highly dipole moment of -NO, group induced the intra
molecular H-bonding between O atom on -NO, group
and H atom of -HO group and makes H-O bond
become weakly leading to rapid decomposition of
nitro-capsiate  through  the  p-quinonemethide
intermediate (scheme 1).

o
N\ O
OM\(

©
H.

\Oﬁ'N*\"O

Nitro-capsiate (3)
o
o * HOW
NO,

p-quinonemethide

Scheme 1. The propose of decomposition pathway of
nitro-capsiate through p-quinonemethide intermediate.

4. Conclusions

Nitro-capsiate is the analogue that designs to
promote n-nt stacking interaction for enhancement the
binding affinity to TRPV1 receptor. However, the
highly unstable behavior of nitro-capsiate hindered
itself as a potential pain relief agent. Therefore, further
alteration of nitro-capsiate will be explored in order to
render the rapid decomposition via p-quinonemethide
process while maintaining high n-n stacking
interaction.
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Abstract: Cyperenoic acid (1) is the major sesquiterpene
from the roots of Croton crassifolius. Biotransformation
of this compound by the fungus Curvularia lunata NRRL
2178 produced three new metabolites, (4S)-4-
hydroxycyperenoic acid (2), 12-hydroxycyperenoic acid
(3) and (8R)-4-hydroxycyperenoic acid (4). The isolated
metabolites were characterized by spectroscopic (IR,
NMR and MS) means.

1. Introduction

Croton crassifolius (family Euphorbiaceae) is a
monoecious undershrub, up to 30-50 cm tall. It is a
medicinal plant that grows in hilly countries with a
moderately dry climate, and is widely distributed in
south-east Asia and south China [1]. As part of our
investigation of medicinal plants on the roots of Croton
crassifolius, we have isolated cyperenoic acid (1), the
sesquiterpene previously isolated from other Croton
species [2].

Biotransformation is a useful tool to modify the
structures of natural products. Microbial transformation
has such advantages over chemical synthesis as high
stereo- and regio-selectivity [3]. We were interested in
microbial transformation of compound 1 by a fungus
which posseses a broad specificity in the substrate. In
the present study, Curvularia lunata NRRL 2178 was
used to metabolize the sesquiterpene.

2. Materials and Methods
2.1 General experimental procedures

Optical rotation was measured on a JASCO-1020
polarimeter. *H and *C NMR spectra were recorded
on a Bruker AVANCE 400 spectrometer. Mass spectra
were obtained on a Finnigan LC-Q mass spectrometer.
Column chromatography and TLC were carried out
using Merck silica gel 60 (<0.063 mm) and precoated
silica gel 60 Fy, plates, respectively. Spots on TLC
were detected under UV light and by spraying with
anisaldehyde-H,SO, reagent followed by heating.

2.2 Microorganism
Curvularia lunata (strain no. 2178) was obtained
from NRRL (lllinois, USA). Stock culture of the

fungus was maintained on potato dextrose agar slant.
It was stored at 4 °C and subcultured monthly at 30 °C.

2.3 Incubation experiments

Erlenmeyer flask (250 mL), each containing 100
mL of liquid medium consisting of 0.1% peptone,
0.1% vyeast extract, 0.1% beef extract, and 0.5%
glucose were inoculated with freshly obtained C.
lunata cultured from the agar slant on a rotary shaker
at 180 rpm. After cultivation at ambient temperature
for 2 days, the substrate solution (5 mg in 1 mL
DMSO : Tween 80, 100:5) was added to each flask,
and the incubation continued for 3 days. Culture
control consisted of fermentation blank in which C.
lunata was grown under identical condition but
without substrate.

2.4 Biotransformation of cyperenoic acid (1)

Compound 1 (20x5 mg) was fed to C. lunata
NRRL 2178 in Erlenmeyer flasks (20x250 mL), each
containing 100 ml of the same medium as outlined
above. After 3 days the culture was filtered, the
mycelium was washed with EtOAc, and the broth was
extracted with EtOAc (3x100 mL). The organic phase
was washed with water, dried over anhydrous Na,SQOy,
and concentrated in vacuo. The crude extract (191.3
mg) was subjected to column chromatography eluting
with n-hexane—EtOAc (60:40) to give 2 (6.1 mg, based
on the unrecovered starting material) 3 (4.8 mg), 4
(15.8 mg) and the starting material 1 (71.8 mg).

2.4.1 Cyperenoic acid (1)

Colorless needles; [e]3 -16.5° (¢ 0.39, CHCly);
'H NMR (CDCl;, 400 MHz): & 0.85 (s, 3H, H-13),
0.88 (d, J = 6.4 Hz, 3H, H-11), 1.01 (s, 3H, H-12),
1.15 (ddt, J = 14.0, 12.8, 7.2 Hz, 1H, H-54,), 1.53 (m,
1H, H-5¢), 1.40, 1.91 (m, 2H, H-6¢, H-6/3), 1.57 (ddd,
J =132, 7.6, 0.8 Hz, 1H, H-3¢), 1.78 (dt, J = 13.2,
10.0 Hz, H-3/), 2.09 (m, 1H, H-4), 2.27, 2.75 (m, 2H,
H-8a, H-84), 2.72, 2.82 (m, 2H, H-2); *C NMR
(CDCls, 100 MHz): 123.1 (C-1), 36.3 (C-2), 25.7 (C-




3), 68.2 (C-3a), 36.0 (C-4), 27.9 (C-5), 26.9 (C-6),
48.2 (C-7), 31.3 (C-8), 173.1 (C-8a), 41.7 (C-9), 170.7
(C-10), 18.0 (C-11), 19.3 (C-12), 26.2 (C-13).: ESMS
(+ve): 235 [M+H]".

2.4.2 (4S)-4-Hydroxycyperenoic acid (2)
Colorless amorphous solid; [cr]3 21.2° (c 0.61,

CHCly); IR: vpax 3424, 2925, 1677, 1101, 754 cm™;
'H NMR (CDCl;, 400 MHz): & 0.79 (s, 3H, H-13),
1.17 (s, 3H, H-11), 1.23 (s, 3H, H-12), 1.77, 1.81 (m,
2H, H-3¢, H-3/), 1.38, 2.10 (m, 2H, H-6¢, H-6/),
1.53 (dd, J = 15.0, 6.0 Hz, 1H, H-54), 1.65 (m, 1H, H-
5/), 1.98 (m, 1H, H-7), 2.27, (br d, J = 19.4 Hz, 1H,
H-8a), 2.72 (dd, J = 19.4, 6.8 Hz, 1H, H-8/3), 2.82 (m,
1H, H-2); ®C NMR (CDCl;, 100 MHz): 123.7 (C-1),
36.8 (C-2), 22.8 (C-3), 76.9 (C-3a), 71.3 (C-4), 33.6
(C-5), 24.7 (C-6), 47.8 (C-7), 30.1 (C-8), 172.6 (C-8a),
42.3 (C-9), 170.1 (C-10), 28.6 (C-11), 22.0 (C-12),
27.6 (C-13); HMBC correlation: H-2 (C-1, C-8a), H-3
(C-1, C-2, C-3a, C-4 C-8a, C-9), H-5¢ (C-3a, C-4, C-
6, C-7, C-11), H-54 (C-3a, C-6, C-11), H-6« (C-5, C-
7, C-9), H-6/3 (C-5, C-7, C-8, C-9), H-7 (C-4, C-5, C-
8), H-8« (C-1, C-6, C-7, C-8a, C-9), H-84 (C-1, C-6,
C-8a), H-11(C-3a, C-4, C-5), H-12 (C-4, C-7, C-9, C-
13), H-13(C-4, C-7, C-9, C-12); ESMS (-ve): 249 [M-
H]'.

2.4.3 12-Hydroxycyperenoic acid (3)

Colorless amorphous solid; [oc]é9 -9.7° (c 0.48,
CHCI,); IR: vmax 3358, 2929, 1678, 1202, 763 cm™;
'H NMR (CDCls, 400 MHz): 0.86 (d, J = 6.4 Hz, 3H,
H-11), 0.93 (s, 3H, H-13), 1.37, 1.81 (m, 2H, H-6 ¢, H-
6/), 1.61, 1.83 (m, 2H, H-3¢, H-3/), 1.57 (m, 2H, H-
5), 2.07 (m, 1H, H-4), 2.16 (m, 1H, H-7), 2.27 (m, 2H,
H-2), 2.25, 2.77 (m, 2H, H-8«, H-8/), 3.78, 3.86 (each
d, J = 10.9 Hz, 1H each, H-12a, H-12b); *C NMR
(CDCl3, 100 MHz): 123.4 (C-1), 36.6 (C-2), 26.3 (C-
3), 67.4 (C-3a), 35.6 (C-4), 27.8 (C-5), 27.1 (C-6),
45.3 (C-7), 31.2 (C-8), 171.5 (C-8a), 46.0 (C-9), 169.7
(C-10), 17.9 (C-11), 65.3 (C-12), 20.5 (C-13); HMBC
correlation: H-2 (C-1, C-3a, C-8a), H-3a (C-1, C-4,
C-8a), H-34 (C-3a, C-4), H-4 (C-5, C-8a, C-9, C-11),
H-5 (C-3a, C-4, C-7), H-6 (C-5), H-64 (C-5, C-8),
H-7 (C-5), H-8« (C-8a), H-8 (C-8a, C-9), H-11(C-4,
C-5, C-9), H-12 (C-7, C-9, C-13), H-13(C-7, C-9, C-
12); ESMS (-ve): 249 [M-H] .

2.4.4 (8R)-8-Hydroxycyperenoic acid (4)

White amorphous solid; [a]% -12.1° (c 0.66,
CHCLy); IR: vpax 3502, 2923, 1655, 1282, 763 cm™;
'H NMR (CDCls, 400 MHz): & 0.79 (s, 3H, H-13),
0.85 (d, J = 6.4 Hz, 3H, H-11), 1.21 (s, 3H, H-12),
1.37, 1.55 (m, 2H, H-5¢, H-5/), 1.56, 1.73 (m, 2H, H-
3a, H-3/), 2.06 (m, 1H, H-7), 2.30 (m, 1H, H-4), 2.44
(br d, J = 19.8 Hz, 1H, H-6a), 2.69 (m, 1H, H-6/),
2.66, 2.77 (m, 2H, H-2¢, H-2), 3.91 (t-like, Wy, =
17.7 Hz, 1H, H-8); ®C NMR (CDCl;, 100 MHz):
124.4 (C-1), 36.3 (C-2), 25.5 (C-3), 67.7 (C-3a), 33.6

(C-4), 36.5 (C-5), 31.3 (C-6), 54.1 (C-7), 73.1 (C-8),
169.9 (C-8a), 41.4 (C-9), 168.8 (C-10), 17.6 (C-11),
20.7 (C-12), 27.1 (C-13); HMBC correlation: H-2 (C-
1, C-3, C-3a, C-8a), H-3« (C-1, C-4, C-8a), H-34 (C-
2, C-3a, C-4, C-9), H-4 (C-3a, C-5, C-6, C-8a, C-9, C-
11), H-5¢ (C-4, C-11), H-54(C-3a, C-4, C-7), H-6 (C-
8,C-8a, C-9), H-7 (C-3a, C-5,C-6, C-8, C-8a, C-13),
H-8 (C-4, C-7, C-9), H-11(C-3a, C-4, C-5), H-12 (C-
3a, C-7, C-9, C-13), H-13(C-3a, C-7, C-9, C-
12);ESMS (+ve): 251 [M+H]".

3. Results and Discussion
The biotransformation of cyperenoic acid (1) to the
metabolites (2-4) is shown below.

z . R
3 4 “, R2
6
HOOC 8 HOOC s
1 (2),R'=0H,R*=R*=H

(3), R**=R®*=H, R?=OH

(4), R**=R?*=H, R*= OH
Figure 1. Structures of cyperenoic acid 1 and
metabolites 2-4.

Cyperenoic acid (1) was converted into three new
metabolites (2-4) by C. lunata NRRL 2178 (Figure 1).
Their structures were determined by spectroscopic
techniques.

Compound 2 was obtained as colorless amorphous
solid, The IR spectrum indicated the presence of
hydroxy (3429 cm™) and carboxylic carbonyl (1677 cm?)
groups. The electrospray mass spectrum (ESMS)
showed the [M-H] " peak at m/z 249, corresponding to the
molecular formula of CisH,,05. The *H-NMR features
(CDCl3) of 2 were similar to those of 1, 4,9,9-
trimethyl-2,4,5,6,7 «,8-hexahydro-3H-3a [4], with the
exception of the difference in the absence of chemical
shift of proton multiplet at 6 2.09 (H-4), and the
downfield shift of C-4 (8 71.3) instead of 6 36.0 for
compound 1. The HMBC correlations between H-11
and C-3a (56 76.9), C-4 (5 71.3) and C-5 (& 33.6), and
the HMBC correlations between H-5 and C-3a (8
76.9), C-4 (6 71.3), C-6 (8 24.7) and C-11(5 28.6)
suggested that compound 2 was hydroxylated at C-4
position. The p-orientation of the 4-OH group was
established by NOESY experiment. Thus, 11-Me
showed cross peak with H-2. Compound 2 is thus
(4S)-4-hydroxycyperenoic acid.

Compound 3 was obtained as colorless amorphous
solid. The IR spectrum indicated the presence of
similar functionalities as those of compound 2. The
ESMS showed the [M-H] peak at m/z 249,
corresponding to the molecular formula of CisH,0s.
The *H-NMR (CDCl5) spectral features were similar to
those of 1. The significant difference was the presence
of a hydroxymethylene signal at & 3.78 and 3.86 (1H
each, d, J = 10.9 Hz) assignable to H-12. The HMBC
correlations between H-12 and C-7 (6 45.3), C-9 (8
46.0) and C-13 (& 20.5). The evidence that




hydroxylation has taken placed at the 12-Me group
was from the presence of cross peak between H-12 and
H-4 and H-64 in the NOESY spectrum. On the basis
of the above evidence, the structure of the metabolite 3
was established as 12-hydroxycyperenoic acid.

Compound 4 was obtained as white amorphous
solid. The IR spectrum revealed similar absorption
bands as those of the above metabolites. The ESMS
showed the [M+H]" peak at m/z 251, corresponding to
the molecular formula of CjsHp,0s. The H-NMR
spectral (CDCl3) of 4 was found to be similar to those
of 1. The significant difference was the presence of a
carbinol proton signal at & 3.91 assignable to H-8. In
the ®*C NMR data, the signal at & 31.3 (C-8) was
shifted downfield to 6 71.3. The COSY correlation
between H-8 (3.91) and H-7 (5 2.06) and the HMBC
correlations between H-8 and C-6 (& 31.3), C-7 (d
54.1) and C-9 (6 41.4) confirmed the location of H-8.
These results indicated that 4 is an 8-hydroxyl
analogue of 1. The p-orientation of the 8-OH group
was established by NOE experiments. Thus, irradiating
the H-8 signal caused enhancements of the H-5¢ and
the H-6 « signals. Irradiation of the H-5« signal caused
enhancement of the H-8 signal. The absolute
configuration at C-8 was also established as R by the
modified Mosher's method. Compound 4 was
therefore concluded to be (8R)-4-hydroxycyperenoic
acid.

4. Conclusions

Biotransformation of cyperenoic acid (1) by C.
lunata NRRL 2178 gave three new metabolites,
compounds 2-4. Compound 4 was found to be the
major metabolite. Bioconversion by this fungal strain
indicated that hydroxylation at C-4, C-12 and C-8 has
occurred to yield compounds 2, 3, and 4, respectively.

Acknowledgements

This work was supported by The Thailand
Research Fund (TRF). Support from the Center of
Excellence for Innovation in Chemistry (PERCH-
CIC), Office of the Higher Education Commission,
Ministry of Education is gratefully acknowledged.

References

[1] J. Zhao, F. Fang, L. Yu, G. Wang and L. Yang, J.
Ethnopharmacol. 142 (2012) 367-373.

[2] S. Boonyaratavej and S. Roengsumran, J. Nat. Prod. 51
(1998) 769-770.

[3] X.C.Ma,J. Zheng and D. A. Guo, Chem. Enz. Microb.
Technol. 40 (2007) 1013-1019.

[4] L. Boonyarathanakornkit, C. T. Che, H. S. Fong and N.
R. Farnsworth, Planta med. 54 (1988) 61-63.




SYNTHESIS AND CYTOTOXICITY EVALUATION OF 9,13-
DISUBSTITUTED BERBERINE DERIVATIVES

Chalueomchai Jampadang, Duangkhae Srikun, Mayuso Kuno, Pornpimol Lertsopapun,

Pornpimol Wongsuwan, Siritron Samosorn*
Department of Chemistry, Faculty of Science, Srinakharinwirot University, Bangkok, 10110 Thailand
* Author for correspondence; E-Mail: siritron@swu.ac.th, Tel. +66 26495907, Fax. +66 22592097

Abstract: Berberine, a naturally occurring isoquinoline
alkaloid widely spread in many medicinal plant families
such as Berberidaceae and Papaveraceae, has been
shown to suppress the growth of breast, lung and tongue
cancer cells. Introduction of various substituents into the
9 and 13 positions of berberine has been reported to have
better anticancer activities than berberine. In this study,
a series of 9,13-disubstituted berberine derivatives was
synthesized and evaluated for cytotoxic activities against
human cancer cell lines. The key synthetic precursor was
the phenol betaine derived from berberine. Subsequently
O-alkylation of the betaine with alkyl bromide gave 9,13-
disubstituted berberine derivatives in moderate yields. A
novel compound, 9-propyloxy-13-pentyloxyberberine was
shown to be more active than berberine 2- and 19-fold
against KB-oral cavity cancer and MCF-7 breast cancer
cell lines, respectively.

1. Introduction

Berberine (1), an isoquinoline alkaloid, is isolated
from Chinese and Thai medicinal plants in the families
of Berberidaceae, Menispermaceae, Papaveraceae,
Rutaceae and others. Berberine showed remarkable
antiproliferative activities against various human
cancer cell lines [1,2] leading to much attraction in this
molecule as a lead compound for the development of
anticancer agents. Studies on structure modifications
of berberine at C-9 and C-13 have been reported.
Introduction of a side chain with a terminal amino
group at the 9-position could significantly improve
interactions of the derivatives with G-quadruplex
DNA, resulting in inhibitory effects on telomerase in
cancer cells leading to stop extension of DNA chain
length [3,4]. Substitution of alkyl, alkoxy and aryloxy
groups at the 13-position has been reported to have
better anticancer activities than the parent berberine
[5-9]. Cytotoxicity screening of anticancer agents
synthesized in our laboratory revealed that 13-n-
propyloxybreberine (5a) and 13-n-pentyloxyberberine
(5d) were highly active against NCI-H187 small cell
lung cancer and KB-oral cavity cancer cell lines with
the 1Csy of 0.002, 0.0003 and 0.33, 0.004 pg/mL,
respectively [6] (Table 1). These results showed that
alkoxy substituent at the 13-position might be
important for the anticancer activities. In particular,
the size of n-propyloxy and n-pentyloxy groups might
be appropriate to fit in the binding pockets of NCI-
H187-small cell lung cancer and KB-oral cavity
cancer. Therefore, in this study we designed and
synthesized 9,13-disubstituted berberine derivatives
which retained the n-propyloxy and n-pentyloxy
groups at the 13-position and introduced ethoxy and n-
propyloxy groups at the 9-position of berberine to
evaluate for their cytotoxic activities.

2. Materials and Methods
2.1. Chemistry

Berberine (chloride salt) and all alkylating agents
were purchased from Sigma-Aldrich Chemical Co.,
and were used as supplied. Melting points were
obtained using a Griffin melting point apparatus and
are uncorrected. Thin layer chromatography (TLC) on
aluminum backed sheets of Merck Silica Gel 60 F254
plates were used to follow the progress of chemical
reactions. Compounds were detected by examination
under UV light. Column chromatography was
performed under medium pressure on silica gel 60
(230—400 mesh). All solvent proportions were vol/vol.
NMR spectra were obtained on a Bruker AVANCE
300 FT-NMR spectrometer, where proton (*H) and
carbon (**C) spectra were obtained at 300 MHz and 75
MHz, respectively. Spectra were recorded in CDCl3
(unless otherwise indicated) and were referenced to the
residual non-deuterated solvent signal.  Superscript
letters refer to interchangeable chemical shift
assignments. Low resolution electrospray ionization
mass spectra, ESI-MS, were obtained with a Thermo
Finnigan LC-Q mass spectrometer. Compounds for
testing were >95% pure on the basis of TLC and ‘H
NMR analysis.

2.1.1. Berberubine (2) [10]

A yellow suspension of berberine chloride (0.25 g,
0.67 mmol) in dimethyl formamide (DMF, 1 mL) in a
sealed tube was heated at 150°C for 2h. The resulting
red solution was cooled to room temperature and then
concentrated. The residue was crystallized from 5%
HCI in EtOH. The crystals were filtered, washed with
cold EtOH and dried to give berberubine (2) (0.18 g,
76 %) as a red solid. 'H NMR (CD;0D/CDCls, 300
MHz): 8 9.29 (s, 1H, 8-H), 8.01 (s, 1H, 13-H), 7.55
(d, 1H, J = 8.4 Hz, 11-H), 7.43 (s, 1H, 14-H), 6.96 (d,
1H, J = 8.1 Hz, 12-H), 6.84 (s, 1H, 4-H), 6.03 (s, 2H,
OCH,0), 4.62 (t, 2H, J = 6.0 Hz, 5-H), 3.88 (s, 3H,
10-OCHjy), 3.12 (t, 2H, J = 6.0 Hz, 6-H); ESI-MS: m/z
322.2 (M)".

2.1.2.General procedure for the preparation of 1a-b

A suspension of the berberrubine 2 (1.4 mmol),
K,CO; (1.4 mmol), and 1-bromoethane or 1-
bromopropane (3 mmol) in dry CH;CN (5 mL) was
heated at 65 °C for 3 h under a nitrogen atmosphere.
The reaction mixture was then concentrated and the
residue was chromatographed on silica gel (4% MeOH
in DCM) to give la-b.
2.1.2.1. 2,3-Methylenedioxy-9-ethoxy-10-methoxy
berberine bromide (1a) [10]




Yellow solid: 0.37 g (61%). 'H NMR (CDz;OD/
CDCl,): 8 9.56 (s, 1H, 8-H), 8.30 (s, 1H, 13-H), 7.79
(d, 1H, J = 8.0 Hz, 11-Hga, 7.79 (d, 1H, J = 8.0 Hz, 12-
H)?, 7.31 (s, 1H, 14-H)®, 6.71 (s, 1H, 4-H)", 5.95 (s,
2H, 2-H), 4.82 (t, 2H, J = 5.9 Hz, 6-H), 4.36 (g, 2H, J
= 6.9 Hz, OCHy), 3.93 (s, 3H, 10-OCH;), 3.11 (t, 2H, J
= 6.3 Hz, 5-H), 1.37 (t, 3H, J = 7.0 Hz, CH3); ESI-MS:
m/z 350.2 (M)".

2.1.2.2. 2,3-Methylenedioxy-9-n-propyloxy-10-
methoxyberberine bromide (1b)

Yellow solid: 0.14 g (58%). ‘H NMR (DMSO-dq): &
9.75 (s, 1H, 8-H), 8.94 (s, 1H, 13-H), 8.19 (d, 1H, J =
9.1 Hz, 11-H)? 7.98 (d, 1H, J = 9.1 Hz, 12-H)?, 7.79
(s, 1H, 14-H)", 7.08 (s, 1H, 4-H)", 6.16 (s, 2H, 2-H),
4.95 (t, 2H, J = 5.9 Hz, 6-H), 4.24 (t, 2H, J = 6.8 Hz,
OCH,), 4.04 (s, 3H, 10-OCHs), 3.20 (t, 2H, J = 6.0 Hz,
5-H), 1.84-1.92 (m, 2H, CH,), 1.04 (t, 3H, J = 7.4 Hz,
CHs). C NMR (DMSO-dg): & 150.4 (C-3a)? 149.8
(C-10), 147.6 (C-14a)®, 1452 (C-8), 142.9 (C-9),
137.4 (C-13a), 133.0 (C-12a), 130.7 (C-4a), 126.7 (C-
11), 123.2 (C-12), 121.6 (C-8a), 120.4 (C-13), 120.1
(C-13b), 108.37 (C-4)", 105.4 (C-14)", 102.0 (C-2),
75.8 (OCH,), 57.0 (OCHj;), 55.3 (C-6), 26.3 (C-5),
22.8 (CH,), 10.2 (CHs). ESI-MS: m/z 364.2 (M)*.

2.1.3.General procedure for the preparation of 3a-b

To a suspension of 1a or 1b (4.6 mmol) in acetone
(50 mL), was added 30% aqueous sodium hydroxide
until pH 11. The mixture was heated at 65 °C for 30
min. The reaction mixture was concentrated and then
poured into ice water (200 mL). The precipitate was
filtered and dried to give a yellow solid which was
then dissolved in acetone (20 mL) and slowly added a
solution of KMnQ, (370 mg in H,O 33 mL) at —10°C.
After vigorous stirring for 3 h, the reaction mixture
was filtered to remove a brown solid and washed with
H,O. The filtrate was evaporated and then added
MeOH (2 mL) and conc. HCI (2 mL). The yellow
suspension was heated at reflux for 12 h. The mixture
was concentrated and chromatographed on silica gel (2
% MeOH in DCM) to give 3a or 3b.
2.1.3.1. 2,3-Methylenedioxy-9-ethoxy-10-methoxy-13-
hydroxyberberine chloride (3a)
Orange-yellow solid 0.57 g (28%). 'H NMR (CDCl5):
§8.89 (s, 1H, 14-H)? 8.27 (d, 1H, J = 9.0 Hz, 12-H)",
7.71(s, 1H, 8-H), 7.30 (d, 1H, J = 9.0 Hz, 11-H)", 6.57
(s, 1H, 4-H)?, 5.90 (s, 2H, 2-H), 4.43 (t, 2H, J = 6.0
Hz, 6-H), 4.20 (g, 2H, J = 6.9 Hz, OCH,), 3.93 (s, 3H,
10-OCHzy), 2.97 (t, 2H, J = 6.0 Hz, 5-H), 1.39 (t, 3H, J
= 7.0 Hz, CH;). *C NMR (CDCl,): & 166.0 (C-13),
150.3 (C-10), 146.3 (C-14a)%, 146.1 (C-3a)%, 141.2 (C-
9), 130.9 (C-8a)°, 126.4 (C-4a), 124.2 (C-13b), 124.0
(C-12a)°, 123.8 (C-13a), 121.9 (C-12)°, 117.4 (C-11)°,
117.2 (C-8), 108.8 (C-14), 106.8 (C-4)%, 101.0 (C-2),
69.3 (OCHy), 57.5(C-6), 56.4 (OCH3), 28.6 (C-5), 15.7
(CH3). ESI-MS: m/z 366.4 (M)".
2.1.3.2. 2,3-Methylenedioxy-9- n-propyloxy-10-
methoxy-13-hydroxyberberine chloride (3b)
Orange-yellow solid 0.12 g (22%). *H NMR (DMSO-
dg): & 8.89 (s, 1H, 14-H)? 8.06 (d, 1H, J = 9.0 Hz, 12-
H)®, 7.97 (s, 1H, 8-H), 7.50 (d, 1H, J = 9.0 Hz, 11-H)?,
6.87 (s, 1H, 4-H)?, 6.03 (s, 2H, 2-H), 4.61 (t, 2H, J =

6.0 Hz, 6-H), 4.05 (t, 2H, J = 6.8 Hz, OCH,), 3.99 (s,
3H, 10-OCH3), 2.97 (t, 2H, J = 5.9 Hz, 5-H), 1.70-1.78
(m, 2H, CH,), 1.01 (t, 3H, J = 7.5 Hz, CH3). *C NMR
(CDCly): & 165.1 (C-13), 150.2 (C-10), 145.3 (C-
14a)®, 145.2 (C-3a)% 141.4 (C-9), 130.2 (C-8a)", 127.3
(C-4a), 123.9 (C-13b), 123.7 (C-12a)", 122.2 (C-13a),
121.1 (C-12)°, 117.6 (C-11)¢, 117.2 (C-8), 107.9 (C-
14)°, 107.2 (C-4)%, 100.8 (C-2), 75.4 (OCH,), 56.4(C-
6), 56.3 (OCHs), 27.6 (C-5), 22.8 (CH,), 10.2 (CHb).
ESI-MS: m/z 380.4 (M)".

2.1.4. General procedure for the preparation of 5b-c
and 5e-f

A vyellow suspension of 3a or 3b (0.49 mmol) in
5% NaOH (20 mL) was extracted with DCM (3 x 20
mL). A combined organic layer was washed with H,O
and dried with anhydrous Na,SO,, and then evaporated
and dried to yield 4a-b as a yellow solid. A solution
of the phenolbetaine 4a-b (1 mmol) and the 1-
bromopropane or 1-bromopentane (2 mmol) in dry
CH5CN (2 mL) was heated at 65°C for 12h under a
nitrogen atmosphere. The reaction mixture was
concentrated and then was chromatographed on silica
gel (2% MeOH in DCM) to give the desired products
5b-c and 5e-f.
2.1.4.1. 2,3-Methylenedioxy-9-ethoxy-10-methoxy-13-
n-propyloxyberberine bromide (5b)
Yellow solid 0.12 g (46%). *H NMR (CDCI;/CD;0D):
5 9.90 (s, 1H, 8-H), 7.95 (d, 1H, J = 9.0 Hz, 11-H)?},
7.89 (s, 1H, 14-H), 7.79 (d, 1H, J = 9.0 Hz, 12-H)?},
6.83 (s, 1H, 4-H)", 6.04 (s, 2H, 2-H), 5.06 (t, 2H, J =
5.6 Hz, 6-H), 4.50 (q, 2H, J = 6.9 Hz, 9-OCH,), 4.02
(s, 3H, 10-OCHg), 3.76 (t, 2H, J = 6.6 Hz, 13-OCH,),
3.22 (t, 2H, J = 6.0 Hz, 5-H), 1.78-1.85 (m, 2H, CH,),
1.53 (t, 3H, J = 6.9 Hz, CH,), 1.05 (t, 3H, J = 7.5 Hz,
CH;). C NMR (CDCI,/CD,0D): & 151.1 (C-13)?,
150.5 (C-10), 150.0 (C-3a)?, 147.0 (C-14a)?, 144.0 (C-
9), 142.6 (C-8), 132.1 (C-4a), 131.0 (C-8a), 130.0 (C-
12a), 125.3 (C-12), 123.0 (C-13a), 117.7 (C-13b),
116.5 (C-11), 108.4 (C-4)°, 108.3 (C-14)", 102.0 (C-2),
75.7 (OCH,-13), 71.2 (OCH,-9), 57.2 (C-6), 56.2
(OCHjy), 28.1 (C-5), 23.4 (CH,), 15.7 (CH3-9), 10.4
(CH3-13). ESI-MS: m/z 408.3 (M)™.
2.1.4.2. 2,3-Methylenedioxy-9,13-di-n-propyloxy-10-
methoxyberberine bromide (5c)
Yellow solid 198 mg (41%). 'H NMR
(CDCI,/CD3;0D): 6 10.18 (s, 1H, 8-H), 7.96 (d, 1H, J
= 9.0 Hz, 11-H)? 7.92 (s, 1H, 14-H)°, 7.79 (d, 1H, J =
9.0 Hz, 12-H)? 6.82 (s, 1H, 4-H)", 6.07 (s, 2H, 2-H),
5.26 (t, 2H, J = 5.9 Hz, 6-H), 4.47 (t, 2H, J = 6.9 Hz,
9-OCH,), 4.04 (s, 3H, 10-OCHj), 3.78 (t, 2H, J = 6.5
Hz, 13-OCH,), 3.30 (t, 2H, J = 5.7 Hz, 5-H), 2.02-
2.10 (m, 2H, CH,), 1.81-1.88 (m, 2H, CH,), 1.10 (t,
3H, J = 7.5 Hz, CHy), 1.07 (t, 3H, J = 7.5 Hz, CHj).
3C NMR (CDCI/CD,0D): & 151.3 (C-10), 150.6 (C-
13), 149.9 (C-3a)?, 147.5 (C-14a)?, 146.0 (C-9), 143.3
(C-8), 132.3 (C-4a), 130.8 (C-8a)°, 129.9 (C-12a)",
125.3 (C-12), 123.2 (C-13a), 118.5 (C-13b), 117.5 (C-
11), 108.4 (C-4, C-14), 102.0 (C-2), 77.2 (OCH,-13),
77.1 (OCH,-9), 57.2 (C-6), 57.1 (OCHj3), 28.3 (C-5),
23.6 (CH,), 23.5 (CH,), 10.5 (CH3-9), 10.3 (CHs-13).
ESI-MS: m/z 422.5 (M)".




2.1.4.3. 2,3-Methylenedioxy-9-ethoxy-10-methoxy-13-
n-pentyloxyberberine bromide (5e)

Yellow solid 012 g (42%). 'H NMR
(CDCl5/CD;0D): & 10.23 (s, 1H, 8-H), 7.95 (d, 1H, J
= 9.0 Hz, 11-H)? 7.92 (s, 1H, 14-H)", 7.79 (d, 1H, J =
9.0 Hz, 12-H)? 6.83 (s, 1H, 4-H)", 6.07 (s, 2H, 2-H),
5.27 (t, 2H, J = 5.6 Hz, 6-H), 4.60 (g, 2H, J = 6.9 Hz,
9-OCHy), 4.05 (s, 3H, 10-OCHjs), 3.80 (t, 2H, J = 6.5
Hz, 13-OCH,), 3.29 (t, 2H, J = 6.0 Hz, 5-H), 1.70-
1.82 (m, 2H, CH,), 1.60 (t, 3H, J = 6.9 Hz, CHj), 1.40-
1.50 (m, 2H, CH,), 1.30-1.40 (m, 2H, CH,), 0.93 (t,
3H, J = 7.2 Hz, CH;). *C NMR (CDCIl,/CD;0D): &
151.5 (C-10), 150.7 (C-13), 149.5 (C-3a)?, 147.5 (C-
14a)?, 145.0 (C-9), 143.4 (C-8), 132.2 (C-4a), 131.0
(C-8a)", 130.0 (C-12a)°, 125.2 (C-12), 123.0 (C-13a),
119.0 (C-13b), 117.6 (C-11), 108.4 (C-4, C-14), 102.0
(C-2), 75.8 (OCH,-13), 71.6 (OCH,-9), 57.2 (C-6),
57.0 (OCHs), 29.8 (CH,), 28.2 (C-5), 28.1 (CH,), 22.4
(CHy), 16.0 (CH3-9), 13.9 (CH;s-13). ESI-MS: m/z
436.3 (M)".

2.1.4.4. 2,3-Methylenedioxy-9-n-propyloxy-10-
methoxy-13- n-pentyloxyberberine bromide (5c)
Yellow solid 0.2 g (39%). ‘H NMR (CDCI4/CD;0D):
8 10.16 (s, 1H, 8-H), 7.94 (d, 1H, J = 9.3 Hz, 11-H)?,
7.91 (s, 1H, 14-H)°, 7.79 (d, 1H, J = 9.3 Hz, 12-H)?,
6.82 (s, 1H, 4-H)", 6.06 (s, 2H, 2-H), 5.26 (t, 2H, J =
6.6 Hz, 6-H), 4.47 (t, 2H, J = 6.9 Hz, 9-OCH,), 4.04
(s, 3H, 10-OCH), 3.80 (t, 2H, J = 6.5 Hz, 13-OCHy),
3.30 (t, 2H, J = 5.7 Hz, 5-H), 2.05 (g, 2H, J = 7.2 Hz,
5-H), 1.70-1.90 (m, 2H, CH,), 1.30-1.50 (m, 4H,
CHy), 1.10 (t, 3H, J = 7.5 Hz, CHy), 0.92 (t, 3H, J =
7.2 Hz, CH3). ®C NMR (CDCI,/CD,0D): & 151.2 (C-
10), 150.7 (C-13), 149.8 (C-3a)®, 147.4 (C-14a)*, 145.5
(C-9), 143.1 (C-8), 132.2 (C-4a), 130.8 (C-8a)", 129.9
(C-12a)", 125.3 (C-12), 123.0 (C-13a), 118.5 (C-13h),
117.5 (C-11), 108.4 (C-4, C-14), 102.0 (C-2), 77.2
(OCH,-9), 75.8 (OCH,-13), 57.2 (C-6), 57.0 (OCHy),
29.8 (CH,), 28.2 (C-5), 28.0 (CHy), 23.6 (CHy), 22.4
(CHy), 13.9 (CH;-13), 10.3 (CHs-9). ESI-MS: m/z
450.2 (M)".

2.2 Biological Assay
2.2.1 Cancer cell growth inhibition [11]

Resazurin  microplate assay (REMA) was
performed using the method described by Brien et al.
Cells at a logarithmic growth phase are harvested and
diluted to 2.2 x 10* cells/mL for KB, 3.3 x10* cells/
mL for MCF-7, and NCI-H187, in fresh medium.
Successively, 5 pL of test sample diluted in 5%
DMSO and 45 uL of cell suspension were added to
384-well plates then incubated at 37 °C in 5% CO,
incubator. After the incubation period (3 days for KB
and MCF-7, and 5 days for NCI-H187), 12.5 uL of
62.5 ng/mL resazurin solution was added to each well,
and the plates were then incubated at 37 °C for 4 h.
Fluorescence signal was measured using SpectraMax
M5 multi-detection microplate reader (Molecular
Devices, USA) at the excitation and emission
wavelengths of 530 nm and 590 nm.

2.2.2 Cytotoxicity against primate cell line [12]

The Green fluorescent protein-expressing Vero
cell line was generated in National Center for Genetic
Engineering and Biotechnology (BIOTEC) by stably
transfecting the African green monkey kidney cell line
(Vero, ATCC CCL-81), with pEGFP-N1 plasmid
(Clontech). The cell line was maintained in minimal
essential medium supplemented with 10% heat-
inactivated fetal bovine serum, 2 mM L-glutamine, 1
mM sodium pyruvate, 1.5 g/L sodium bicarbonate and
0.8 mg/mL geneticin, at 37 °C in a humidified
incubator with 5% CO,. The assay was carried out by
adding 45 pL of cell suspension at 3.3 x 10* cells/mL
to each well of 384-well plates containing 5 pL of test
compounds previously diluted in 0.5% DMSO, and
then incubating for 4 days in 37 °C incubator with 5%
CO,. Fluorescence signals were measured by using
SpectraMax M5 microplate reader (Molecular
Devices, USA) in the bottom reading mode with
excitation and emission wavelengths of 485 and 535
nm.

Table 1: In vitro cytotoxic activity of compounds 1, 3
and 5 against NCI-H187 small cell lung cancer, KB-
oral cavity cancer, MCF7 breast cancer, and Vero cell
lines

Cytoxicity 1Cs (ug/mL)

-pd R* R NCI- KB MCE7 Vero
H187 cells

1 H CHs; 0.16 1.63 37.9 >50
la H CyHs 0.38 541 2.19 >50
1b H CsHy 0.27 2.26 1.40 >50
3a OH C;Hs >50 >50 34.22 >50
3b OH CsHy 19.05 >50 >50 >50

5a° OC3H, CHas 0.002 0.33 40.26 27.02

5b OC3H;  CiHs 4.19 6.69 >50 >50

5¢c OCzH;  CsHy 1.83 6.56 >50 20.22

5d* OCsHiu  CHs 0.0003  0.004 7.51 3.50

5e OCsHin  CiHs 0.26 2.39 1.09 2.22

5f OCsHin  CsHy 0.67 0.89 1.98 2.48

Elipti 0684 0448  >50  0.829
cine

Doxo not
rubic - - 0035 0249 0573

. tested
in

* Values are retrieved from Samosorn et al [6].

3. Results and Discussion

Six novel 9,13-disubtituted berberine derivatives
(3a-b, 5b-c and 5e-f) were synthesized from berberine
(1) as shown in scheme 1. Synthesis of compounds
5b-c and 5e-f was started from demethylation of 1 in
DMF at 150 °C in sealed tube to give berberubine (2)




in a good yield and subsequently alkylation with ethyl
bromide or n-propyl bromide to give compounds la
and 1b in yields of 58% and 61%, respectively.
Treatment of 1a-b with acetone and sodium hydroxide
gave an unstable 8-acetonyldihydro intermediate
which was then oxidized straightaway with potassium
permanganate to give 3a-b in vyields of 22-28%.
Deprotonation of 3a-b with aqueous sodium hydroxide
gave the key intermediate phenol betaine 4a-b and
then O-alkylation of the betaine immediately with
appropriate alkyl bromide accomplished the desired
products 5b-c and 5e-f in yields of 39-46%. [13].

o o o
cr 4 . cr O . Br
<o N _a_ © ‘ NS b <O i NS
| O OCH, O OH O OR
OCH; OCH;3 OCH;
1

2 la:R=CyHs
1b: R = C3H;
e} o o
SO LI @ SO
o B ¢} s o NS
OR I
c HO ORL o O L. R;OR
OCHg OCH;3 OCH;

3a-b 4a-b 5a: R = OC3H;; R=CHj

5b: R'=0C3H;; R=CyHs
5c: R1=0CzH;, R=CgH;
5d: R* = OCgHyy; R=CHs
5e: R = OCgHy3; R =CyHs
5f: R'=0CgHy;, R=CsHy

Scheme 1. Reagents and conditions: (a) i: 150 °C, DMF, 3 h; ii: 5%
HCI in EtOH; (b) K,CO;, CH;CH,Br or CH3CH,CH,Br, CH;CN, 65
°C, 3 h; (c) i: 30% NaOH, CH3COCHz, 30 min.; ii: KMnOy,,
CH3COCHs, -10 °C, 3 h; iii: 5% HCI in EtOH (d) 5% NaOH,
CHzclz; (e) CH3CH,CH,Br or CH3CH,CH,CH,CH,Br, CH3;CN, 65
°C, overnight.

Compounds 1-3 and 5 were evaluated for their in vitro
cytotoxic activities against three human cancer cell
lines and one primate normal cell line including KB
(epidermoid carcinoma of oral cavity cell line,
ATCCCCL-17), MCF-7 (breast adenocarcinoma cell
line, ATCC HTB-22), NCI-H187 (small cell lung
carcinoma cell line, ATCC CRL-5804), and Vero
(normal African green monkey kidney cell line, ATCC
CCL-81). Doxorubicin and Elipticine were used as
positive  controls. Cytotoxicity results were
summarized in Table 1. The concentration of each
compound required to inhibit 50% cell growth was
expressed as ICsy value. The results showed that
replacement of methoxyl group at the 9-position of 1
by ethoxyl and n-propyloxy groups to give compounds
la-b with no substitution on C-13 exhibited better
cytotoxic activities against MCF7 than the parent
berberine 17- and 27-folds, respectively , and also low
toxicity to Vero cell line. Introduction of a hydroxyl
group into the 13-position of la and 1b to afford
compounds 3a-b led to completely loss of the activity
against all tested cell lines. Substitution of hydroxyl
group at the 13-position of la and 1b with n-
propyloxy and n-pentyloxy groups gave compounds
5b-c and 5e-f. Compounds 5b-c with n-propyloxy on
the 13-position showed less potent than their leads 5a,
whereas compounds 5e-f with n-pentyloxy at the 13-
position exhibited 4-7 folds greater activities against
the MCF7 than their lead 5d, 19-35 folds better than
the parent 1, and over 25-46 folds more potent than
Elipticine anticancer agent. It seemed that introducing

of lipophilic group with appropriate size at the 9- and
13-positions might be beneficial for cytotoxic
activities against only MCF7 but not for NCI-H187,
KB, and Vero cell lines.

4. Conclusions

In conclusion, six new 9,13-disubtituted berberine
derivatives were synthesized and evaluated for their
cytotoxic activities against three human cancer cell
lines and one primate normal cell line. Structure
activity relationship analysis revealed that introduction
of lipophilic group at the 9-position could improve
cytotoxic activity against MCF7 breast cancer cell line.
Substitution of a hydroxyl group at the 13-position of
9-O-alkyl berberine derivatives diminished cytotoxic
activities against all cell lines tested. n-Pentyloxy
group at the 13-position might be crucial for the
cytotoxicity [6]. Therefore replacement of methoxyl at
the 9-position by ethoxyl and n-propyloxy groups,
especially ethoxyl group, improved the activity against
MCF7 cell line. Compound 5e showed the best
activity of all the synthesized compounds against
MCF7 with the ICsy value of 1.09 pg/mL. These data
could provide useful information for designing
berberine derivatives in the future.
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Abstract: Preliminary screening indicated that the extracts
from the leaves and roots of Citrus hystrix showed potent
anti-cholinesterase activity. Therefore, it is of interest to
further examined the active compounds from these extracts.
Three compounds were isolated from the leaf extract and one
compound was obtained from the root extract. Their
structures were elucidated by NMR spectroscopy as
hesperidin, neohesperidin, oxypeucedanin hydrate and
limonin. Neohesperidin showed the highest activity against
acetylcholinesterase with the ICsy value of 0.16 mM,
whereas oxypeucedanin hydrate has the highest inhibition
toward butyrylcholinesterase with the 1Cs, value of 0.26
mM. Moreover, this is the first report regarding the isolation
of limonin from C. Hystrix.

1. Introduction

Alzheimer's disease (AD) is the most common
neurodegenerative  disease,  characterized by
progressive memory loss, decline in language skills
and hallucinations [1]. Several factors such as low
levels of acetylcholine (Ach), beta amyloid protein
deposits, tau protein aggregation, oxidative stress, and
inflammation are thought to play important roles in the
pathophysiology of AD [2]. The cholinergic
hypothesis correlated with cholinergic deficits such as
reduced synaptic acetylcholine synthesis and choline
acetyltransferase activity by cholinesterases [3]. Two
types of cholinesterase enzymes, acetylcholinesterase
(AChE) and butyrylcholinesterase (BChE), terminate
the impulse transmission by rapid hydrolysis of
acetylcholine [4]. In the treatment of AD, there are
four FDA-approved drugs (tacrine, donepezil,
galantamine and rivastigmine) that improve symptoms
by inhibiting AChE to increase and prolong the
availability of acetylcholine [2]. But BChE might play
the same role as AChE by increasing levels of BChE
in AD patients [5]. So, therapeutic drugs that serve as
inhibitors of either AChE or BChE could provide
additional benefits in AD.

Citrus hystix DC. (Rutaceae), called Makruut in
Thai, is used in traditional cuisines and remedies such
as headaches and sore throats [6]. Many active
compounds were isolated from this plant such as
glycerolglycolipids, tannins, furanocoumarins and
flavonoids [7-10]. They showed a variety of
pharmaceutical effect such as anti-tumor, anti-viral,
and  anti-oxidant  activities [11].  Recently,
furanocoumarins, isolated from C. hystix fruit peels,
showed potent anti-butyrylcholinesterase activity [12].

In this study, the preliminary screening test was found
that the extracts of leaves and roots of this plant
showed interesting anti-cholinesterase activity. Thus,
the anti-cholinesterase compounds from Citrus hystix
were isolated and evaluated theirs anti-acetyl- and
butyrylcholinesterase activities.

2. Materials and Methods

2.1 General Experiment Procedures

The *H-NMR spetra (at 400 MHz) and *C-NMR
spectra (at 100 MHz) were recorded on a Bruker or a
Varian with tetramethylsilane as an internal standard.
To isolate and purify active compounds, silica gel 60
(particle size: 0.063-0.200 mm, Merck), Sephadex LH-
20 (Amersham Pharmacia Biotech), and thin layer
chromatography precoated silica gel (silica gel 60 Fys,,
Merck) were used. The spots on plate were detected
under UV light. Acetylthiocholine iodide (ATCI), S-
butyrylthiocholine iodide (BTCI), 5,5'-dithiobis-[2-
nitrobenzoic acid] (DTNB), acetylcholinesterase
(AChE) from electric eel, butyrylcholinesterase
(BChE) from equine serum, and eserine were
purchased from Sigma company. All solvent were
distilled prior to use.

2.2 Plant Material
The leaves and roots of C. hystrix were collected in
May 2012 from Chonburi Province, Thailand and

identified by Assoc. Prof. Nijsiri Ruangrungsi, Faculty

of Pharmaceutical Sciences, Chulalongkorn
University. A voucher specimen (No. NPRU 0002) has
been deposited in the Natural Products Research Unit,
Department of Chemistry, Faculty of Science,
Chulalongkorn University, Thailand.

2.3 Extraction and Isolation

The dried leaves of C. hystrix (0.8 kg) were ground
and extracted with methanol at room temperature. The
extract solution was concentrated under reduced
pressure, and further subsequently partitioned with
hexane, dichloromethane and n-butanol vyielding
hexane (17 g), dichloromethane (6 g), and n-butanol (9
g) extracts, respectively. The butanolic extract (8 g)
was subjected to a silica gel column chromatography
with a gradient system of hexane-EtOAc and EtOAc-
MeOH to give 7 fractions. Fraction 2 was further
separated by a silica gel column chromatography using




a gradient system of hexane-EtOAc and EtOAc-MeOH
to obtain 6 fractions (2.1-2.6). Subfraction 2.2 was re-
chromatographed on a silica gel column with a
gradient system of hexane-EtOAc and EtOAc-MeOH
to obtain 6 fractions (2.2.1-2.2.6). Subfraction 2.2.3
was purified by a sephadex LH-20 column eluting with
MeOH to give hesperidin (5.4 mg). Subfraction 2.2.4
was also purified by a sephadex LH-20 column eluting
with MeOH to yield neohesperidin (40.6 mg).

A portion of CH,CI, extract (5 g) was subjected to
a silica gel column with a gradient system of hexane-
EtOAc and EtOAc-MeOH to obtain 3 fractions.
Fraction 2 was chromatographed on a silica gel
column using a gradient system of hexane-EtOAc and
EtOAc-MeOH to give 6 fractions (2.1-2.6).
Subfraction 2.4 was further fractionated using a silica
gel column eluting with a gradient system of hexane-
EtOAc to yield 6 fractions (2.4.1-2.4.6). Subfraction
2.4.3 was purified with a silica gel column using a
gradient system of hexane-EtOAc to give oxypeucedin
hydrate (30.3 mg).

The dried roots of C.hystrix (1.9 kg) were ground
and extracted with EtOAc at room temperature. After
remove solvent under reduced pressure, 20 g of the
EtOAc was obtained. This extract was further
fractionated by a silica gel vacuum column
chromatography with a gradient system of hexane-
EtOAc and EtOAc-MeOH to obtain 5 fractions.
Limonin (250.2 mg) was afforded after re-
crystallization from fraction 4 with EtOAc at room
temperature.

The structure of these isolated compound were
fully elucidated on the spectral data ("H-NMR and **C-
NMR) and by comparison with published data [13-16].

Hesperidin: *H-NMR (CD50D, 400 MHz) &(ppm):
6.85 (3H, m, H-2", 57, 67), 6.11 (2H, brs, H-8, 6), 5.32
(1H, dd, J = 12.0, 2.8 Hz, H-2), 485 (1H,d, J =7.2
Hz, glucosyl H-17), 460 (1H, d, J = 0.8 Hz,
rhamnosyl, H-1"""), 3.78 (3H, s, OMe-4"), 3.20-3.60
(9H, m, rhamnoglucosyl protons), 3.04 (1H, dd, J =
16.4, 12.8 Hz, H-3b), 2.70 (1H, dd, J = 17.0, 3.0 Hz,
H-3a), 1.10 (3H, d, J = 6.4 Hz, rhamnosyl CH,); *C-
NMR (DMSO-d6, 100 MHz) &(ppm): 196.9 (C-4),
165.0 (C-7), 162.9 (C-5), 162.4 (C-9), 1479 (C-4"),
146.3 (C-37), 130.7 (C-17), 118.0 (C-67), 114.0 (C-2v),
112.0 (C-57), 103.3 (C-10), 100.4 (C-1"""), 99.4 (C-1"),
96.4 (C-6), 95.5 (C-8), 78.3 (C-2), 76.1 (C-5"), 75.4
(C-37), 729 (C-57), 72.0 (C-2"""), 70.6 (C-4""), 70.2
(C-27), 69.6 (C-37), 68.2 (C-4"), 65.9 (C-6"), 55.6 (C-
4’-OCHj), 41.9 (C-3) 17.6 (C-CHjy). [13-14]

Neohesperidin: 'H-NMR (CD;OD, 400MHz)
d(ppm): 6.86 (3H, m, H-2", 57, 67), 6.10 (1H, d, J=2.0
Hz, H-8), 6.06 (1H, d, J = 2.4 Hz, H-6), 5.28 (1H, dd,
J =122, 2.8 Hz, H-2), 5.16 (1H, d, J = 1.2 Hz,
rhamnosyl, H-1"""), 5.01 (1H, d, J = 7.6 Hz, glucosyl
H-17), 3.78 (3H, s, OMe-4"), 3.20-3.60 (9H, m,
rhamnoglucosyl protons), 3.04 (1H, dd, J = 17.2, 12.4
Hz, H-3b), 2.69 (1H, dd, J = 17.0, 3.0 Hz, H-3a), 1.20
(3H, d, J = 6.0 Hz, rhamnosyl CHj); *C-NMR
(DMSO-dg, 100 MHz) 8(ppm): 196.9 (C-4), 164.7 (C-
7), 162.8 (C-5), 162.5 (C-9), 148.0 (C-4"), 146.4 (C-
37, 130.8 (C-17), 117.9 (C-6), 114.0 (C-27), 112.0 (C-

5%, 103.3 (C-10), 100.4 (C-1"""), 97.4 (C-1"), 96.2 (C-
6), 95.1 (C-8), 78.4 (C-2), 77.0 (C-5"), 76.8 (C-3"),
76.2 (C-5""), 71.8 (C-2"""), 70.4 (C-4""), 70.3 (C-2"),
69.5 (C-3"""), 68.3 (C-4"), 60.0 (C-6"), 55.6 (C-4'-
OCHj), 42.0 (C-3), 17.9 (C-CHy). [13-14]

Oxypeucedanin hydrate: *H-NMR (CDCl;, 400
MHz) (ppm): 8.17 (1H, d, J = 10.0 Hz, H-4), 7.60
(1H, d, J = 1.2 Hz, H-10), 7.17 (1H, s, H-8), 6.98 (1H.
m, H-11), 6.29 (1H, d, J = 9.6 Hz, H-3), 4.53 (1H, dd,
J =96, 2.4 Hz, H-1"a), 4.44 (1H, dd, J = 9.2, 8.4 Hz,
H-1'b), 3.91 (1H, dd, J = 7.4, 2.6 Hz, H-2), 1.36 (3H,
s, H-4"), 1.31 (3H, s, H-5"); *C-NMR (CDCl;, 100
MHz) &(ppm): 161.0 (C-2), 158.1 (C-7), 152.6 (C-5),
148.5 (C-8a), 145.3 (C-10), 138.9 (C-4), 114.3 (C-6),
113.1 (C-3), 107.4 (C-4a), 104.7 (C-11), 94.8 (C-8),
76.5 (C-2°), 74.5 (C-1"), 71.6 (C-3"), 26.6 (C-4"), 25.2
(C-5). [15]

Limonin: 'H-NMR (CDCl;, 400 MHz) &(ppm):
7.40 (1H, m, H-21), 7.39 (1H, m, H-23), 6.33 (1H, brs,
H-22), 5.46 (1H, s, H-17), 4.75 (1H, d, J = 12.8 Hz, H-
19a), 4.45 (1H, d, J = 13.2 Hz, H-19b), 4.02 (2H, brs,
H-1, 15), 2.96 (1H, dd, J = 16.8, 3.6 Hz, H-2a), 2.85
(1H, dd, J = 15.2, 15.2 Hz, H-6a), 2.67 (1H, d, J =
16.8 Hz, H-2b), 2.54 (1H, dd, J = 12.4, 2.4 Hz, H-9),
2.45 (1H, dd, J = 14.4, 2.8 Hz, H-6b), 2.22 (1H, dd, J
= 15.6, 2.8 Hz, H-5), 1.80 (2H, m, H-11), 1.50 (2H, m,
H-12), 1.28 (3H, s, H-28), 1.17 (6H, s, H-18, 29), 1.06
(3H, s, H-30); ®*C-NMR (CDCl;, 100 MHz) (ppm):
206 (C-7), 169.0 (C-3), 166.6 (C-16), 143.2 (C-23),
141.1 (C-21), 120.0 (C-20), 109.6 (C-22), 80.3 (C-4),
79.1 (C-1), 77.8 (C-17), 65.7 (C-14), 65.3 (C-19), 60.5
(C-5), 53.9 (C-15), 51.3 (C-8), 48.1 (C-9), 46.0 (C-10),
38.0 (C-13), 36.4 (C-6), 35.6 (C-2), 30.8 (C-28), 30.2
(C-12), 21.4 (C-18), 20.7 (C-29), 18.9 (C-11), 17.6 (C-
30). [16]

2.4 Cholinesterase Inhibition Assay

The assay was measured by the modified method
of Ellman et al. [17] and Ingkaninan et al. [18]. In the
96-well plates, 50 uL of buffer A (50 mM Tris-HCI,
pH 8.0), 25 uL of 1.5 mM ATCI (or BTCI) in MilliQ
water, 25 pL of sample (Img/mL) in buffer A, 125 pL
of 3 mM DTNB in buffer C (50 mM Tris-HCI, pH 8.0,
containing 0.1 M NaCl and 0.02 M MgCl,-6H,0), and
25 pL of 1.0 U/mL of enzyme were added and the
absorbance was measured the formation of yellow 5-
thio-2-nitrobenzoate anion as a result of the reaction of
DTNB with thiocholine released by the enzymatic
hydrolysis of ATCI (or BTCI) at a wavelength of 415
for 2 min at 5 sec intervals. Each experiment was done
in triplicate. The 1Cs, value was calculated using
software package Prism (version 5.01).

3. Results and Discussion

The leaf and root extracts of C. hystrix were
fractionated and isolated pure compounds by
chromatography techniques. Two flavanone glycosides
namely hesperidin, and neohesperidin, and one
furanocoumarin namely oxypeucedanin hydrate were
isolated from the butanolic and dichloromethane
extracts of C. hystrix leaves, respectively. The ethyl




acetate extract of C. hystrix roots gave one limonoid
namely limonin. Limonin was isolated for the first
time from C. hystrix roots. The chemical structures of
all isolated compounds were shown in Figure 1.

Hesperidin

HO
s
o
CI)
o o7 o

Oxypeucedanin hydrate Limonin
Figure 1. The isolated compounds from Citrus hystrix.
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Figure 2. The AChE inhibitory activity of isolated
compounds.

All isolated compounds were further evaluated
their AChE and BChE inhibitory activities. The results
(Figures 2 and 3) indicated that these isolated
compounds inhibited both enzymes in dose-dependent
manners. Limonin showed low activities against both
enzymes. Neohesperidin and oxypeucedanin hydrate
showed the highest inhibition towards AChE and
BChE, respectively. According to low solubility under
assay condition of all isolated compounds, only
neohesperidin and oxypeucedanin hydrate were further
determined for the 1Csy values and comparing with
those values of standard compound (eserine). The ICs
value of neohesperidin towards AChE was 0.16 mM,
and that of oxypeucedanin hydrate toward BChE was
0.26 mM. These values were quite high comparing
with those of eserine which were 0.73 and 2.54 uM of
AChE and BChE, respectively. Although, isolated
compounds from C. hystrix showed low to medium
anti-cholinesterase activities comparing to eserine, but
they were purified from natural plant which is safe for
health. Moreover, previous reports indicated that
neohesperidin and hesperidin showed the anti-oxidant,
anti-viral, anti-allergic, anti-tyrosinase, and anti-
bacterial activities [19-23]. Oxypeucedanin hydrate
possessed  anti-fungal,  anti-proliferative,  anti-
microbial, anti-oxidant, and GABA-transaminase
inhibitory activities [24-28]. Thus, these compounds

should be useful for the potential treatment of AD and
other diseases, or use as supplement dietary.
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Figure 3. The BChE inhibitory activity of isolated
compounds.

0

4, Conclusions

In summary, hesperidin, neohesperidin and
oxypeucedanin hydrate were isolated from the Citrus
hystrix leaves and limonin obtained from roots of this
plant. Limonin was reported for the first time from this
plant. All isolated compounds show low to medium
anti-cholinesterase activity towards AChE and BChE.
The highest active compounds were neohesperidin and
oxypeucedanin with the ICsy values of 0.16 mM
toward AChE, and 0.26 mM toward BChE,
respectively.
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Abstract: Plants from the Parameria genus
(Apocynaceae) have been used as traditional medicines in
Indonesia such as antiulcer and antidiarrhea drugs. To
date, only Parameria laevigata from this genus has been
investigated, leading to the isolation of
proanthocyanidins which were isolated as dimeric,
trimeric and tetrameric forms. The present study, the
first phytochemical investigation of the ethanolic extract
of branches of Parameria barbata, led to the successful
isolation of five compounds including friedelin (1),
p-sitosterol glucoside (2) and lupeol esters (3-5). The
structures were elucidated by spectroscopic analysis, as
well as comparison with literature data.

1. Introduction

The apocynaceae comprises more than 150 genus
and 1700 species [1]. Some plants in this family have
been used as traditional medicine in several countries
in Asia, for example, to treat cough and asthma in
China [2], and as antidiarrhea, antiulcer and wound-
healing agents in Indonesia [3]. They are also used to
treat meningitis and fractures in China, Thailand and
Burma [4]. Apocynaceous plants are important sources
of the terpenoids and indole alkaloids. Several indole
alkaloids showed significant activity against several
cancer cell lines [2, 4].

Parameria barbata is a woody vine found in
Thailand. The plant showed inhibitory activity against
NO release from macrophages and antioxidant activity
[5]. In the present work, we describe the first isolation
of five compounds from the branches of Parameria
barbata, which were identified as friedelin (1),
[-sitosterol glucoside (2) and lupeol esters (3-5).

2. Materials and Methods

2.1 Plant material

The branches of P. barbata were collected in
January 2011 from Bangkok, Thailand and were
identified by Dr. Piya Chalermglin of the Thailand
Institute of Scientific and Technological Research. A
voucher specimen (SS614/272) was deposited at the
Department of Chemistry, Faculty of Science,
Silpakorn University, Sanamchandra Palace Campus,
Nakorn Pathom, Thailand.

2.2 General Expermental Procedures
Melting points were determined by a Kofler hot
stage apparatus and are uncorrected. Optical rotations

were measured on a JASCO P-1010 polarimeter.
Infrared spectra (IR) were recorded on a Perkin Elmer
GX-FT-IR spectrophotometer. 'H, *C, COSY, HMQC
and HMBC were recorded in CDCI; solutions on a
Bruker AVANCE 300 (300 MHz for 'H-NMR and 75
MHz for *C-NMR) spectrometer. Chemical shifts are
in ¢ (ppm) with tetramethylsilane (TMS) as an internal
standard.

2.2 Extraction and Isolation

The dried branches of P. barbata (2.58 kg) were
extracted with EtOH at room temperature to give the
EtOH extract (217.11 g) which was diluted in water
and extracted with hexane, EtOAc and n-BuOH,
respectively. Each solvent was evaporated under
reduced pressure to yield respectively the hexane
extract (21.85 g), the EtOAc extract (19.59 g) and the
n-BuOH extract (19.20 g). The hexane extract was
chromatographed over a silica gel column, eluted with
a hexane/EtOAc mixture gradient to give sixty-five
fractions. Fraction 1 was further separated by silica gel
column chromatography using hexane/benzene (10:1)
to give subfractions A-D and then subfraction B was
purified by prep. TLC using hexane/benzene (10:1) to
give an unseparable mixture of lupeol esters 3-5 (56.2
mg). Fraction 5 (34.5 mg) was recrystallized with
EtOH to afford friedelin 1 (145 mg). The
recrystallization of fraction 57-59 in EtOH vyielded
p-sitosterol glucoside 2 (82.7 mg).

3R
4 R
5R

CO(CH,)20CH3
CO(CH,)22CH3
CO(CH2)24CH3

Figure 1. Structure of compounds 1-5 from P. barbata




3. Results and Discussion

The hexane extract was purified by silica gel
column chromatography and prep. TLC to give five
known compounds: friedelin (1), g-sitosterol glucoside
(2) and lupeol esters (3-5). The structures of these
compounds were elucidated by a combination of 1D
and 2D-NMR spectra as well as by comparison with
literature data.

Friedelin (1): colorless, crystalline solid; mp 242-
244 °C (lit. 260-263 °C); [a]p -15.1 (c = 0.0522,
CHCL); IR Vima cm™: 2919, 2847, 1714, 1454, 1388;
'H and *C-NMR data were consistent with literature
values [6].

p-sitosterol glucoside (2): white solid; mp 160-
162 °C (lit. 160-163 °C); [o]p -15.1 (c = 0.0329,
CHCL); IR Ve cm™: 3368, 2931, 1462, 1367, 1022;
'H and *C-NMR data were consistent with literature
values [7].

Lupeol esters (3-5): white solid; mp 63-65 °C (lit.
53-57 °C); [a]p +19.4 (c = 0.0416, CHCI3); IR Vs
cm™: 2920, 2849, 1728, 1467, 1380, 1171, 1113, 977,
882 ; MS m/z 771.6947, 799.7221, 827.7469 [M+Na]"
(CaICd for CsoHgyO, 748.7097, Cs4HgO, 776.7410,
CssH1000, 804.7723); 'H and C-NMR data were
consistent with literature values [8].

4. Conclusions

The phytochemical investigation of Parameria
barbata led to the isoation of friedelin (1), g-sitosterol
glucoside (2) and lupeol esters (3-5) for the first time
from the genus Parameria and they have been shown
to have significant biological activities. Friedelin
showed soybean lipoxygenase (SBL) inhibitory [9],
anti-inflammatory [10], antibacterial and anticandicidal
activities [11]. p-sitosterol glucoside had potent
mosquitocidal activity against adult Aedes aegypti [12]
and also spasmolytic activity [13]. The lupeol ester was
reported as an antihepatotoxic agent [14].
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Abstract: The piperazine-2,5-dione moiety is an active
functionality in several drugs and natural products.
Pharmaceutical studies of several piperazine-2,5-dione
derivatives have shown that they possess anti-
inflammatory activity. Herein we report the syntheses of
piperazine-2,5-dione derivatives by varying the C-3
benzene substituents in order to evaluate their biological
activities. The syntheses of piperazine-2,5-dione
derivatives were completed in four steps with 59%
overall yield from glycine anhydride using the aldol
condensation reaction as a key step.

1. Introduction

Piperazine-2,5-dione derivatives continue to be
attractive synthetic targets for organic chemists since
many natural products containing piperazine-2,5-dione
in their structures have been shown to have a wide
range of biological activities. Plinabulin, a synthetic
analog of a natural product isolated from Aspergillus
sp., has been evaluated as an anti-cancer drug in Phase
Il clinical trials in four countries [1,2]. XR5118, a
synthetic compound based on a natural product lead,
inhibits plasminogen activator inhibitors-1 with an
ICs value of 0.2 uM [3] (Figure 1.). Albonoursin,
isolated from an actinomycete strain, Micromonospora
sp. IM 2670 [4], shows strong inhibition on the growth
of transplantable solid tumors in mice (Figure 1). In
addition, piperazine-2,5-dione derivatives have also
been reported as potential therapeutic agents with
antibiotic and anti-cancer activities [5]. According to
the literature, most of the piperazine-2,5-dione natural
products have been isolated from culture filtrates of
Streptomyces species [6,7], including lansai A-D,
which were isolated in our laboratory from
Streptomyces sp. SUCL, an endophyte on the aerial
roots of Ficus benjamina. Pharmaceutical studies of
the isolates revealed that lansai D showed significant
anti-inflammatory activity [8]. In this paper, we
describe syntheses of lansai D derivatives by varying
the C-3 benzene substituents in order to evaluate their
anti-inflammatory activity (Figure 1).

2. Materials and methods

2.1 General methods

All melting points were measured with a Kofler hot
stage apparatus and are uncorrected. Infrared spectra
were recorded on a Perkin Elmer GX FT-IR
spectrophotometer. 'H-NMR and *C-NMR spectra
were obtained on a Bruker AVANCE (300 MHz)
spectrometers, with tetramethylsilane (TMS) as an
internal standard.

(o)
NMe, HCI
o S QNH
_N

XR5118 lansai D

Figure 1. Structure of piperazine-2,5-dione derivatives

2.2 Chemistry

1,4-Diacetylpiperazine-2,5-dione (2) [3,9]. A
mixture of glycine anhydride (10.20 g, 89.40 mmol) in
acetic anhydride (44.97 ml) was stirred under reflux
for 7 hours. The acetic anhydride was removed by
azeotropic distillation with methanol and toluene under
reduced pressure. The residue was crystallized from
ethyl acetate—ether to yield 2 as a colorless solid
(91%), mp 98-100 °C. IR (KBr) cm™: 1727, 1705,
1364, 1265, 1185. 'H NMR (CDCI,) d: 2.58 (6H, s,
2xAc), 4.60 (4H, s, 2xCH,). *C NMR (CDCly) o:
26.8,47.2,165.9, 170.8.

4-Acetyl-6-isobutylidinepiperazine-2,5-dione (3)
[9-11]. Compound 2 (5.199, 26.19 mmol) was
dissolved in DMF (61.76 ml) under argon. To this
solution was added dropwise isobutylaldehyde (11.47
ml) and 0.5 N potassium tert-butoxide (3.46 g, 30.86
mmol) in tert-butanol (61.76 ml) over 20 minutes at 0
°C. After the pale yellow solution had been stirred at
room temperature for 6 hours, it was neutralized with
30% acetic acid and poured into water. The product
was extracted with CH,Cl,, dried over anhydrous
sodium sulfate, and concentrated in vacuum to give a
crude yellow syrup, which was purified on a column
of silica gel (hexane-ethyl acetate 2:1) to yield 3 as
colorless crystals (99%), mp 151-153°C. IR (KBr)
cm™: 3192, 1687, 1650, 1635, 1360, 1142. ‘*H NMR
(CDCly) 0: 1.10 (6H, d, J = 6.6 Hz, 2xCHj3), 2.60 (3H,
s, N-Ac), 2.80 (1H, m, CH-Me,), 4.42 (2H, s, CH,),
6.18 (1H, d, J = 10.2 Hz, CH), 9.81 (1H, s, N-H). **C
NMR (CDCly) d: 22.0, 25.8, 27.1, 46.0, 132.0, 124.6,
160.3, 164.7, 172.7.

1-Methyl-4-acetyl-6-isobutyridinepiperazine-2
,5-dione (4) [12]. To a suspension of 60% sodium
hydride (1.21 g, 30.21 mmol) in dry DMF (143.70 ml)
was added a solution of compound 3 (5.28 g, 25.14
mmol) in dry DMF (25.20 ml) with stirring at 0 °C.
Stirring was continued at this temperature for 30 min
and methyl iodide (3.14 ml, 50.34 mmol) was added




dropwise, and the solution was stirred for 2 hours at 0
°C, then kept at room temperature overnight,
neutralized with 30% acetic acid, poured into ice-
water, and then extracted with CH,Cl,. Usual work-up
of the extract gave a crude syrup which was purified
on a column of silica gel (hexane-ethyl acetate 2:1) to
yield 4 as a colorless syrup (84%), IR (neat) cm™
2968, 1709, 1639, 1429, 1357, 1279, 1202, 1139. 'H
NMR (CDCly) g: 1.15 (6H, d, J = 6.6 Hz, 2xCHy),
2.57 (3H, s, N-Ac), 2.80 (1H, m, CH-Mey), 3.27 (3H,
s, N-CHa), 4.39 (2H, s, CH,), 6.16 (1H, d, J = 10.5 Hz,
CH). **C NMR (CDCls) 6: 23.0, 26.6, 27.1, 34.9, 45.7,
131.1, 137.0, 164.0, 164.8, 171.5.

1-Methyl-3-benzylidine-6-isobutylidinepipera-
zine-2,5-dione (5a) [13]. Compound 4 (0.82 g, 3.66
mmol) was dissolved in DMF (7.32 ml) under argon.
To this solution was added dropwise benzaldehyde
(0.37 ml, 3.66 mmol)and 0.5 N potassium tert-
butoxide (0.62 g, 5.49 mmol) in tert-butanol (10.98
ml) over 20 minutes at 0 °C. After the pale yellow
solution had been stirred at room temperature for 6
hours, it was neutralized with 30% acetic acid and
poured into water. The product was extracted with
CH,CI,, dried over anhydrous sodium sulfate, and
concentrated in vacuum to give a crude syrup, which
was purified on a column of silica gel (hexane-ethyl
acetate 2:1) to yield 5a as a white solid (42%), mp
131-133°C. IR (KBr) cm™: 3170, 3027, 2966, 1688,
1620, 1402, 1366, 1098. 'H NMR (CDCls) ¢: 1.12
(6H, d, J = 6.6 Hz, 2xCHj3), 2.95 (1H, m, CH-Me,),
3.43 (3H, s, N-CHjy), 6.06 (1H, d, J = 11.1 Hz, CH),
7.01 (1H, s, CH), 7.42 (5H, m, Ph-H), 8.19 (1H, br s,
N-H). *C NMR (CDCl,) ¢: 23.1, 27.4, 35.6, 116.6,
125.9, 127.5, 1285, 129.4, 131.7, 132.9, 133.1, 159.1,
159.8.

1-Methyl-3-(2-methoxy-3,4-methylenedioxy
benzylidine)-6-isobutylidinepiperazine-2,5-dione
(6). By the same procedure used to prepare compound
5, compound 6 was obtained in 29% yield as a yellow
solid, mp 141-143 °C. IR (KBr) cm™: 3343, 2965,
1689, 1619, 1470, 1392, 1350, 1077, 1050. 'H NMR
(CDCls) 6: 1.12 (6H, d, J = 6.6 Hz, 2xCH3), 2.94 (1H,
m, CH-Me,), 3.42 (3H, s, N-CH3), 4.02 (3H, s, OCHy),
6.09 (1H, d, J = 13.8 Hz, CH), 6.07 (2H, s, OCH,0),
6.60 (1H, d, J =7.8 Hz, CH), 6.80 (1H, d, J = 13.5 Hz,
CH), 6.91 (1H, s, CH) , 8.61 (1H, br s, N-H). *C
NMR (CDCly) o: 23.1, 27.3, 35.5, 60.4, 101.6, 103.9,
113.7,119.7, 124.5, 128.9, 131.1, 140.8, 150.1, 159.5.

1-Methyl-3-(4-benzyloxy-3-methoxybenzyli-
dine)-6-isobutylidinepiperazine-2,5-dione (7). By
the same procedure used to prepare compound 5,
compound 7 was obtained in 36% vyield as a yellow
solid, mp 146-147 °C. IR (KBr) cm™ 3247, 2972,
1689, 1632, 1516, 1351, 1142, 1035. 'H NMR
(CDCly) 0: 1.13 (6H, d, J = 6.6 Hz, 2xCH3), 2.94 (1H,
m, CH-Me,), 3.42 (3H, s, N-CH3), 3.89 (3H, s, OCH3),
5.17 (2H, s, CH,), 6.06 (1H, d, J = 11.1 Hz, CH), 6.89
(1H, d, J = 9.6 Hz, CH), 6.93 (1H, d, J = 9.6 Hz, CH),
6.94 (1H, s, CH), 7.34 (5H, m, Ph-H), 8.07 (1H, br s,
N-H). *C NMR (CDCl,) §: 23.1, 27.4, 35.5, 56.1,
70.9, 112.5, 114.2, 116.5, 120.9, 124.9, 126.2, 126.9,

128.0, 128.6, 128.7, 131.5, 136.6, 148.6, 150.2, 159.3,
159.7.

1-Methyl-3-(2-bromo-5,6-dimethoxybenzyli-
dine)-6-isobutylidinepiperazine-2,5-dione (8). By
the same procedure used to prepare compound 5,
compound 8 was obtained in 31% vyield as a yellow
syrup. IR (KBr) cm™: 3269, 2966, 1687, 1632, 1468,
1391, 1361, 1297, 1081, 1003. *H NMR (CDCI,) &:
1.12 (6H, d, J = 6.6 Hz, 2xCHj3), 2.94 (1H, m, CH-
Me,), 3.45 (3H, s, N-CHg), 3.76 (3H, s, OCHj3), 3.89
(3H, s, OCHg), 6.06 (1H, d, J = 11.4 Hz, CH), 6.83
(1H, d, J=8.7 Hz, CH), 6.95 (1H, s, CH), 7.36 (1H, d,
J = 8.7 Hz, CH), 841 (1H, br s, N-H). *C NMR
(CDCly) o: 23.0, 27.4, 35.6, 56.1, 61.5, 112.6, 113.5,
115.2,127.1, 127.8, 131.8, 146.6, 152.6, 159.2, 159.5.

1-Methyl-3-(3-bromo-5,6-dimethoxybenzyli-
dine)-6-isobutylidinepiperazine-2,5-dione (9). By
the same procedure used to prepare compound 5,
compound 9 was obtained in 39% vyield as a yellow
solid syrup. IR (KBr) cm™: 3227, 2966, 1686, 1630,
1478, 1392, 1352, 1302, 1270, 1230, 1105, 993. 'H
NMR (CDCls) : 1.13 (6H, d, J = 6.6 Hz, 2xCH3),
2.95 (1H, m, CH-Me,), 3.44 (3H, s, N-CHs), 3.78 (3H,
s, OCHj3), 3.89 (3H, s, OCHg), 6.05 (1H, d, J = 11.1
Hz, CH), 6.82 (1H, s, CH), 7.03 (2H, d, J = 9.9 Hz,
2xCH), 9.04 (1H, br s, N-H). *C NMR (CDCly) ¢:
23.1,27.3,35.5,56.2,61.3,111.3, 116.7, 117.0, 124.9,
127.5,129.1, 131.5, 145.3, 153.8, 159.0, 159.4.

1-Methyl-3-(2-bromo-4,5-methylenedioxyben-
zylidine)-6-isobutylidinepiperazine-2,5-dione  (10).
By the same procedure used to prepare compound 5,
compound 10 was obtained in 35% vyield as a yellow
syrup. IR (KBr) cm™: 3193, 2967, 1683, 1628, 1479,
1392, 1354, 1243, 1151, 1120, 1093, 1038. *H NMR
(CDCly) 0: 1.13 (6H, d, J = 6.6 Hz, 2xCH,), 2.96 (1H,
m, CH-Me,), 3.43 (3H, s, N-CHs), 6.07 (1H, d, J =9.0
Hz, CH), 6.04 (2H, s, OCH,0), 6.85 (1H, s, CH), 6.93
(1H, s, CH), 7.08 (1H, s, CH), 8.27 (1H, br s, N-H).
3C NMR (CDCl) : 23.1, 27.4, 35.5, 102.4, 108.8,
113.6, 116.0, 126.1, 126.5, 128.4, 131.7, 147.7, 148.7,
158.6, 159.7.

3. Results and Discussion

The  syntheses of piperazine-2,5-dione  deriva-
tives were carried out with the condensation of glycine
anhydride (1) and acetic anhydride to afford 1,4-
diacetylpiperazine-2,5-dione (2, 91%  yield).
Condensation of 2 with isobutylaldehyde gave 4-
acetyl-6-isobutylidinepiperazine-2,5-dione (3, 99%
yield). Methylation of 3 with iodomethane provided 1-
methyl-4-acetyl-6-isobutylidinepiperazine-2,5-dione
(4) in 84% vyield. Finally, the aldol condensation of 4
with benzaldehyde furnished the piperazine-2,5-dione
derivatives (5a and 5b) in 45% yield (Scheme 1.).




Z

o
o] o o \Hk o]
H
H H

Ay Kt .
» 7% A0 HC N\K 2. 'BUOK-BuOH HgCTNN

§ 120-130°C, 7 hr o o DmF )

1 91% 2 99%

3 | 1.NaH, DMF
84% v 2 Mel

CHs Q
X 4 o
N H CHs
N 1. N
H
Oy Ny N
o o

Isomer of
lansai D (5a; 3Z,62Z) 42%

2. 'BuOK-BuOH
DMF
45%

Isomer of
lansai D (5b; 3Z,6E) 3%

Scheme 1.

A number lansai D derivatives with different aryl
groups on C-3 (6-10) were prepared in a similar
manner using different aromatic aldehydes (Scheme
2).
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Scheme 2.
4. Conclusions

The first syntheses of the lansai D derivatives (6-
10) were prepared in four steps from glycine anhydride
by using the aldol condensation reaction as a key step.
The synthetic molecules will be evaluated for anti-
inflammatory activity. Further results will be reported
in due course.
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Abstract: Momordica charantia L. or Thai bitter gourd is an
edible plant and a folk medicine in Asia. Extracts of this
plant have been widely reported to possess anti-cancer, anti-
oxidant, anti-HIV and antidiabetic activities. However, there
are no reports presented the cholinesterase inhibitory activity
of this plant. The present study was to investigate the
chemical constituents of the fruits of Thai bitter gourd with
fractionating bio-assay guided. The dichloromethane extract
led to the isolation of four cucurbitane-type triterpenes
(23E)-5/,19-epoxy-19-methoxycucurbita-6,23,25-trien-3 5-ol
(1), charantadiol A (2), (23E)-58,19-epoxycucurbita-6,23-
diene-34,25-diol  (3) and  5p,19-epoxy-25-methoxy-
cucurbita-6,23-diene-34,19-diol 4). In addition,
momordicoside K (5) was obtained from the butanolic
extract. Compounds 3 and 4 showed the most potent
acetylcholinesterase and butyrylcholinesterase inhibitory
activities. The minimal amount of compound 4 to inhibit
acetylcholinesterase and butyrylcholinesterase was 0.125 and
0.0313 pg, respectively, whereas that of compound 3 to
inhibit both enzymes was 0.0625 pg by TLC-bioautographic
method.

1. Introduction

Momordica charantia L. or Thai bitter gourd,
belonging to Cucurbitaceae family, is an edible plant
and a folk medicine in Asia. Extracts of this plant have
been reported to possess anti-cancer, anti-oxidant, anti-
diabetic, anti-inflammatory, anti-viral and cholesterol
lowering effects [1]. Phytochemical studies of fruits
and seeds of M. charantia have resulted in the
isolation of triterpenes, proteins, steroids, glycosides,
saponins and alkaloids [2]. Charantin, a sterol
glucoside mixture, is isolated from immature fruits and
have significant anti-diabetic property [3]. Moreover,
MRK?29 proteins isolated from the ripe fruit and seeds
possess a human immunodeficiency virus (HIV)
inhibitory activity [4]. Triterpenoid kuguacin J induces
apoptosis on a cancer cell line such as a human
cervical carcinoma and an androgen-dependent human
prostate cancer cell lines [5-6]. In addition, phenolic
compounds show potential antioxidant activtiy [7] and
several triterpenoid glycosides inhibit moderate o-
glucosidase enzyme [8]. However, there are no reports
presented the cholinesterase inhibitory activity of this
plant.

Our interest in this plant was raised when
preliminary anti-cholinesterase screening of M.
charantia extract by the TLC-autobiography assay
showed high activities against acetylcholinesterase
(AChE) and butyrylcholinesterase (BChE). These

enzymes hydrolyze acetylcholine which is cholinergic
neurotransmission in the brain. One causal Alzheimer's
disease (AD) is the decline of acetylcholine levels that
take the poor cognitive performance in patients.
Therefore, one therapeutic approach of them is the
using of cholinesterase inhibitors for the increasing of
the acetylcholine level in the brain [9]. Herein, the
present study was to investigate the constituents of M.
charantia fruits and determine their anti-cholinesterase
activity.

2. Materials and Methods
2.1 Materials and reagents

The fruits of M. charantia were collected from
Phetchaburi Province, Thailand, in January, 2011 and
indentified by Assoc. Prof. Nijsiri Ruangrungsi,
Faculty of Pharmaceutical Sciences, Chulalongkorn
University. A voucher specimen (No. NPRU 0003) has
been deposited in the Natural Products Research Unit,
Department of Chemistry, Faculty of Science,
Chulalongkorn University, Thailand.

Acetylthiocholine iodide (ATCI),
butyrylthiocholine iodide (BTCI), 5,5'-dithiobis(2-
nitrobenzoic acid) (DTNB), acetylcholinesterase
(AChE) from electric eels (type VI-S, EC 3.1.1.7),
butyrylcholinesterase (BChE) from horse serum (EC
3.1.1.8) and eserine (standard compound) were
obtained from Sigma-Aldrich Co.Ltd.

2.2 Extraction and isolation

The air-dried fruits of M. charantia (2.5 kg) were
extracted three times with MeOH and then
concentrated in vacuo to give MeOH extract. This
extract was partitioned subsequently with n-hexane,
CH,CI, and saturated BUOH to yield n-hexane (18.8
g), CH,Cl, (102.9 g) and BuOH (54.7 g) extracts,
respectively.

A portion of CH,Cl, extract (83.9 g) was subjected
to a silica gel column using an increasingly polarity of
n-hexane and EtOAc followed by EtOAc and MeOH,
respectively, to give eight fractions (MD1-MDS8).
Fraction MD2 was separated by using a silica gel
column and eluted with a gradient system of n-hexane-
EtOAc and then EtOAc-MeOH to give six sub-
fractions (MD2.1-MD2.6). Recrystallization of
fraction MD2.1 using MeOH afforded (23E)-54,19-




epoxy-19-methoxycucurbita-6,23,25-trien-35-0l (1,
45,5 mg). Fraction MD2.3 was further isolated by
using a silica gel column using a mixture system of n-
hexane:acetone (9:1) as eluent to afford charantadiol A
(2, 31.7 mg). In the same way, (23E)-54,19-
epoxycucurbita-6,23-diene-34,25-diol (3, 96.2 mg) and
5,3,19-epoxy-25-methoxy-cucurbita-6,23-diene-34,19-
diol (4, 145.3 mg) were successively obtained from
fraction MD2.4.

The BuOH extract (53.5 g) was subjected to a
Diaion HP-20 column and eluted with H,O, MeOH
and acetone, respectively. The MeOH residue (53.5 g)
was applied to vacuum silica gel column
chromatoghaphy (VCC) and eluted with a stepwise
gradient of n-hexane-EtOAc and then EtOAc-MeOH
to give seven fractions (MB1-MB7). Fraction MB1
was further fractionated by a silica gel column a
stepwise system of CH,Cl,:acetone (50:1, 20:1, 15:1,
5:1) and CH,Cl,:acetone:H,O (1:5:0.5) to afford six
sub-fractions (MB1.1-MB1.6). Fraction MB1.4 was
further separated on a Sephadex LH-20 column using
50% of CHCI; in MeOH as eluent and then submitted
to purify over a silica gel column eluting with a
gradient system of CH,Cl,-acetone to obtain
momordicoside K (5, 28.5 mg).

(23E)-5/,19-epoxy-19-methoxycucurbita-6,23,25-
trien-34-ol (1) : '"H NMR (CDCl;, 400 MHz) & 6.12
(1H, d, J = 15.6 Hz, H-24), 5.99 (1H, dd, J = 9.6, 1.6
Hz, H-6), 5.64 (1H, br d, J = 15.2 Hz, H-23), 5.63 (1H,
dd, J=9.2, 2.8 Hz, H-7), 4.86 (2H, s, H-26), 4.65 (1H,
s, H-19), 3.44 (3H, s, 19-OCHy), 3.41 (1H, br s, H-3),
2.89 (1H, br s, H-8), 2.40 (1H, t, J = 8.4 Hz, H-10),
1.83 (3H, s, H-27), 1.33-2.22 (methine and methylene
protons),1.22 (3H, s, H-29), 0.89 (3H, d, J = 6.4 Hz,
H-21), 0.87 (3H, s, H-18), 0.85 (6H, s, H-28 and H-30)
: C NMR (CDCl;, 100 MHz) & 142.2 (C-25), 134.2
(C-24), 132.8 (C-7), 131.0 (C-6), 129.3 (C-23), 114.1
(C-26), 112.1 (C-19), 86.8 (C-5), 76.2 (C-3), 58.2 (19-
OCHj) 50.3 (C-17), 48.3 (C-14), 48.0 (C-9), 45.1 (C-
13), 41.7 (C-8), 40.5 (C-10), 39.8 (C-22), 37.3 (C-4),
36.6 (C-20), 33.5 (C-15), 30.6 (C-12), 28.1 (C-16),
27.2 (C-2), 24.1 (C-28), 23.2 (C-11), 20.5 (C-29), 19.8
(C-30), 18.8 (C-21), 18.7 (C-27) ,17.4 (C-1), 14.7 (C-
18 [10].

Charantadiol A (2) : *H NMR (CDCls, 400 MHz) &
6.12 (1H, d, J = 16.4, H-24), 6.09 (1H, dd, J = 2.0,
10.4 Hz, H-6), 5.61 (1H, dd, J = 8.4, 15.6 Hz, H-23),
5.56 (1H, dd, J = 3.6, 9.6 Hz, H-7), 5.30 (1H, s, H-19),
4.86 (2H, s, H-26), 3.41 (1H, br s, H-3), 2.84 (1H, brs,
H-8), 2.47 (1H, t, J = 8.8 Hz, H-10), 1.83 (3H, s, H-
27), 1.23-2.29 (methine and methylene protons), 1.21
(3H, s, H-29), 0.90 (3H, d, J = 6.4 Hz, H-21), 0.89
(3H, s, H-28), 0.88 (3H, s, H-18), 0.85 (3H, s, H-30) ;
3C NMR (CDCl;, 100 MHz) & 142.2 (C-25), 134.2
(C-24), 133.0 (C-6), 130.4 (C-7), 129.2 (C-23), 114.1
(C-26), 107.5 (C-19), 86.6 (C-5), 76.3 (C-3), 50.4 (C-
8), 50.3 (C-17), 49.7 (C-9), 48.1 (C-14), 45.2 (C-13),
39.8 (C-22), 38.0 (C-10), 37.2 (C-4), 36.6 (C-20), 33.5
(C-15), 28.1 (C-16), 27.9 (C-12), 24.4 (C-11), 24.0 (C-
28), 21.6 (C-2), 20.6 (C-29), 20.0 (C-30, 18.8 (C-21),
18.7 (C-27), 17.0 (C-1), 15.0 (C-18) [11].

(23E)-58,19-epoxycucurbita-6,23-diene-34,25-diol
(3) : 'H NMR (CDCls, 400 MHz) & 6.03 (1H, dd, J =
1.6, 9.6 Hz, H-6), 5.63 (1H, dd, J = 3.6, 9.6 Hz, H-7),
5.59 (2H, m, H-23 and H-24), 4.01 (1H, br s, 3-OH),
3.66 and 3.51 (2H, d, J = 8.4 Hz, H-19), 3.40 (1H, brs,
H-3), 2.33 (1H, br s, H-8), 2.27 (1H, dd, J = 6.8, 11.2,
H-10), 1.35-2.19 (methine and methylene protons),
1.31 (6H, s, H- 26 and H-27), 1.19 s (3H, s, H-28),
0.89 (3H, s, H-29), 0.88 (3H, d, J = 6.8 Hz, H-21),
0.86 (6H, s, H-18 and H-30) ; *C NMR (CDCls, 100
MHz) § 139.6 (C-24), 131.8 (C-6), 131.5 (C-7), 125.2
(C-23), 87.5 (C-5), 79.9 (C-19), 76.2 (C-3), 70.7 (C-
25), 52.0 (C-8), 50.0 (C-17), 48.6 (C-14), 45.5 (C-13),
45.3 (C-9), 39.1 (C-22), 38.9 (C-10), 37.2 (C-4), 36.2
(C-20), 33.2 (C-15), 30.8 (C-12), 30.0 (C-26), 29.9 (C-
27), 28.0 (C-16), 27.4 (C-2), 24.6 (C-29), 23.6 (C-11),
20.5 (C-28), 20.0 (C-30), 18.6 (C-21), 17.6 (C-1), 14.9
(C-18) [12].

5/,19-epoxy-25-methoxy-cucurbita-6,23-diene-
343,19-diol (4) : '"H NMR (CDCl;, 400 MHz) & 6.08
(1H, d, J = 10.0 Hz, H-6), 5.66 (1H, dd, J = 3.2, 9.6
Hz, H-7), 5.50 (1H, m, H-23), 5.40 (1H, d, J = 15.6
Hz, H-24), 5.13 (1H, s, H-19), 3.79 (1H, s, 19-OH),
3.40 (1H, br s, H-3), 3.15 (3H, s, 25-OMe), 2.84 (1H,
br s, H-8), 2.46 (1H, br t, J = 8.8, H-10), 1.31-2.22
(methine and methylene protons), 1.25 (3H, s, H-26
and H-27), 1.21 (3H, s, H-28), 0.89 (3H, s, H-29), 0.86
(3H, s, H-18), 0.85 (3H, s, H-30) ; *C NMR (CDClIs,
100 MHz) & 136.9 (C-24), 132.8 (C-6), 132.4 (C-7),
128.3 (C-23), 105.4 (C-19), 86.6 (C-5), 76.1 (C-3),
74.9 (C-25), 50.2 (25-OCHjy), 50.0 (C-17), 48.6 (C-
14), 48.1 (C-9), 45.1 (C-13), 41.4 (C-8), 40.6 (C-10),
39.4 (C-12), 37.2 (C-4), 36.1 (C-20), 33.6 (C-15), 30.5
(C-11), 27.9, (C-16), 27.2 (C-22), 26.1 (C-27), 25.8
(C-26), 24.0 (C-29), 23.1 (C-2), 20.4 (C-28), 19.7 (C-
30), 18.7 (C-21), 17.3 (C-1), 14.7 (C-18) [13].

Momordicoside K (5) : 'H NMR (CDCl,, 400
MHz) § 9.74 (1H, s, H-19), 5.86 (1H, d, J = 5.2 Hz, H-
6), 5.43 (1H, m, H-23), 5.31 (1H, d, J = 15.6 Hz, H-
24),4.17d (1H,d,J=7.6,H-1" ),3.92d (1H, d, J =
5.2, H-7), 3.76 (2H, m, H-6"), 3.50 (1H, br s, H-3),
3.41 (1H, dd, J=9.2, 8.8, H-4"), 3.34 (1H, dd, J = 9.2,
8.8, H-5'), 3.18 (1H, d, J = 9.2, H-3'), 3.15 (1H, d, J =
8, H-2'), 3.07 (3H, s, 25-OCHa), 2.44 (1H, m, H-10),
1.99 s (1H, s, H-8), 1.22-2.44 (methine and methylene
protons), 1.18 (9H, s, H-26, H-27 and H-29), 0.98 (3H,
s, H-28), 0.84 s (6H, s, H-18 and H-21), 0.68 s (3H, s,
H-30) ; *C NMR (CDCl;, 100 MHz) & 210.1 (C-19),
146.9 (C-5), 136.8 (C-24), 128.6 (C-23), 122.5 (C-6),
101.7 (C-1'), 75.9 (C-3, C-3'), 76.3 (C-5), 75.2 (C-
25), 73.4 (C-7, C-2'), 69.8 (C-4"), 61.8 (C-6), 50.3
(25-OCHy), 50.0 (C-9), 49.4 (C-17), 47.3 (C-14), 46.4
(C-8), 45.6 (C-13), 41.6 (C-4), 39.4 (C-22), 36.1 (C-
20), 35.8 (C-10), 34.8 (C-15), 28.9 (C-2), 28.5 (C-12),
27.4 (C-16), 27.1 (C-28), 26.1 (C-27), 25.8 (C-26),
25.3 (C-29), 22.4 (C-11), 21.0 (C-1), 18.8 (C-21), 18.2
(C-30), 14.9 (C-18) [14].

2.3 TLC-bioautographic cholinesterase inhibitory
method




The cholinesterase inhibitory activities of all
isolated compounds were evaluated by the TLC-
autobiography assay based on Ellman’s method with
modifications [15].

Each tested compound was dissolved in MeOH to
prepare a concentration of 100, 50, 25, 12.5, 6.25,
3.13, 1.56, 0.78, 0.39 and 0.20 pug/mL. Ten microliters
of each concentration were spotted on a silica gel TLC
plate and left to dry at room temperature for 3 hours.
After dry, the amount of compounds in each spot was
1, 0.5, 0.25, 0.125, 0.0625, 0.0313, 0.0156, 0.0078,
0.0039 and 0.0020 pg, respectively. Eserine was used
as standard control.

Then, the dried TLC plates were sprayed with a
reagent mixture (1:1) of 5 mM substrate (ATCI or
BTCI) and 5 mM DTNB in 50mM Tris—HCI, pH 8
(buffer A). They were allowed to dry for 5 min and
then sprayed with a 3 U/ml of enzyme (AChE or
BChE) in buffer A. The clear spot with yellow
background indicated inhibition activity. The lowest
concentration at which clear spot is observed within 15
min after spraying enzyme.

3. Results and Discussion

Four compounds (1-4) were isolated from the
dichloromethane extract together with one compound
(5) from the butanolic extract of M. charantia. All of
them were identified based on NMR spectroscopic
data and compared with the literature values [10-14].
The chemical structures of these isolated compounds
were shown in Figure 1.

1:R=0Me 3:Ry=H,R,=0H
2:R=0H 4:R;=0H, R, =0Me
o
OCH;
HO™ > o@?

Figure 1. Chemical structures of compounds 1-5

All isolated compounds were further evaluated in
vitro AChE and BChE inhibitory activities. According
to their low aqueous solubility, microplate assay
cannot use to determine their activities. Thus, in this
report, TLC-autobiography assay was used to
determine cholinesterase inhibition and the minimal
inhibitory amount (MIA) was reported. The results of
activity tests were shown in Figures 2 and 3. After
spraying enzyme on TLC plate, the inhibition spots
(white circles) were observed within 15 minutes.
However, some inhibition spots showed white ring

instead of white circle. Thus, in this study, MIA was
defined as the lowest concentration that showed more
than 50% white area in a circle. The MIA of each
compound was tabulated in Table 1. Compounds 3 and
4 showed higher cholinesterase inhibitory activities
than others. The absence of exo-double bond at C-25
and C-26 of compounds 3 and 4 seem to be increase
inhibition comparing with the presence of this group in
compounds 1 and 2. The highest active compound for
inhibition AChE and BChE was compound 3 (MIA =
0.0625 ng) and 4 (0.0313 png), respectively. However,
both compounds were less potent than standard drug
eserine.

Of the several natural compounds previously found
to inhibit ChE, the most significant inhibition is
alkaloids but they might have significant side effects
in clinical use [16]. Therefore, the search for other
classes of ChE inhibitors in a nature such as
terpenoids, is a great interesting. Previous publications
have reported that lanostane-type triterpenes (G.
lucidum) [17] and pentacyclic triterpenes (C. erinacea)
[18] exhibited moderate cholinesterase-inhibitory
properties. However, cucurbitane-type triterpenes have
not been reported to exhibit cholinesterase-inhibitory
properties. Thus, this is the first report of anti-
cholinesterase activity of cucurbitane-type triterpenes
from M. charantia. Our researching outcome suggests
that M. charantia and its triterpene components might
be a new choice for the treatment and prevention of
AD and also other neurodegenerative disorders.

Figure 2. The AChE inhibitory activity of compounds
by TLC-autobiography assay.

Figure 3. The BChE inhibitory activity of compounds
by TLC-autobiography assay.




Table 1: The minimal inhibitory amount of tested
compounds in TLC-autobiography assay.

The minimal inhibitory amount

Compound (x10”ng)

AChE BChE

1 100 100

2 50 50

3 6.25 6.25

4 125 3.13

5 50 25
Eserine <0.02 1.56

4. Conclusions

In this research, the extracts of M. charantia fruits
were isolated to give four cucurbitane-type
triterpenoids (1-4) and one glycoside (5). Compounds
3and 4 showed the most potent cholinesterase
inhibitory activities by TLC-bioautographic method.
The MIA of compound 3 towards either AChE or
BChE was 0.0625 ug. And those of compound 4 were
0.125 and 0.0313 pg, respectively. This is the first
anti-cholinesterase inhibitory study of cucurbitane-
type triterpenes isolated from natural plants.
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EFFECTIVE CALCIUM CARBIDE AS ACETYLENE SURROGATE
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Abstract: A convenient and cost-effective synthetic method
for poly(phenyleneethynylene)s (PPEs) has been discovered.
PPEs are synthesized via the efficient Pd-catalyzed cross
coupling reaction between diiodoarene and inexpensive
calcium carbide as an acetylene source. Catalyst loading 0.05
mol% are sufficient to afford complete conversion of starting
materials. Yields of the resulting PPE are in between 70 to
85% with the polydispersity index varying from 2.0 to 2.4
and high degree of polymerization ranging from 35 to 130.

1. Introduction

poly(phenyleneethynylene)s (PPEs) are an important
class of conjugated polymers displaying attractive
photophysical properties in absorption and emission.
Thus, they find a broad use in sensor application and
display technologies'. Classically, PPEs are easily
synthesized by two general methods. The first one is
the alkyne metathesis which is powerful to form PPEs
in good yield and high molecular weight. However, it
requires high reaction temperature, high pressure and
expensive catalyst while the second one is the
Sonogashira cross-coupling reaction which is the most
efficient method because of its mild reaction condition
and remarkable functional group tolerance’. The
reaction involves the coupling of dihaloarenes to
acetylene source such as diethynylarenes, protected
acetylenes and acetylene gas® (Scheme 1) which have
several disadvantages such as multiple step synthesis
and high cost material. Although, acetylene gas is
appreciably more economical but the major drawback
of acetylene gas is its high flammability and its
complicated instrument set up. Recently, calcium
carbide (CaC,) has been used as an acetylene sources
for synthesis of small acetylenic molecules* since its
easy to handle and its negligible price. Thus we
interest to synthesis of PPEs using calcium carbide as
starting material in the present of commercially
available reagents under mild condition. The resulting
PPEs are of similar or better quality in term of purity
with  other reported acetylene sources. This
methodology could find potential use for the synthesis
of PAEs in industrial scale.
— Ar———

TMS— Conventional method
HC=CH
X-Ar-X Sonogashira coupling %Ar%‘
n
This work
CaC,

X=1,Br

Scheme 1. Synthetic method for PPEs

2. Results and discussion

2.1 Initial observation

Firstly, we screened Pd catalyst system by using
typical PPE polymerization condition using THF/TEA
as solvent for the coupling of iodobenzene. This would
give us the quick idea of catalyst system. Therefore, 4-
iodotoluene and calcium carbide were subjected to
sonogashira coupling using various Pd sources such as
Palladium acetate (Pd(OAc),), Bis (triphenyl-
phosphine) palladium(ll) dichloride (PdCly(PPhs),)
and Tetrakis(triphenylphosphine)Palladium
(Pd(PPh3),) (Table 1). We found that both
PdCI,(PPh3), and Pd(PPhs), gave low yield of diphenyl
ethyne (34 and 43% yield respectively) and recovery
stating material. In contrast, Pd(OAc), were sufficient
to afford complete conversion of starting materials 4-
iodotoluene into the desired diphenyl ethyne 77%
yield. (Table 1)

Table 1. Initial observation®

I 5% Pd-catalyst

10% Cul, 10% PPhy
PRLLLLLN G S

TEA, THF, rt, N,

Yield
Pd-catalyst | Yield (%)
PdCI,(PPhy), 34
Pd(PPhy), 43
Pd(OAc), 77

2.2 Reaction condition screening

Following the initial observation, we selected
Pd(OAc), as catalyst and Cul, PPh; as co-catalyst
based on above results. Firstly, we are interested in
synthesizing a simple PPE such as poly(1,4-dibutoxy-
p-phenyeneethynylene) which have been reported in
several literatures® in order to compare with our report
in term of yield and molecular weight. Therefore, the
reaction optimization studies, including various
amount of catalyst, type of bases and solvents were
first screened (Table 2).

We began our study by coupling reaction between
1,4-dibutoxy-2,5-diiodobezene (2a) with calcium
carbide via Sonogashira coupling reaction and the
average molecular weight of result PPEs were
characterized by gel permeation using polystyrene as
standard after single precipitation with MeOH. In a
preliminary experiment, the amount of Pd(OAc), were




screened and found that 1% of Pd(OAc), loading is
insufficient for complete conversion of the starting
materials, it produced oligomer with low molecular
weight along with recovery starting diiodo compound.
Hence, it could not be reprecipitated in MeOH/DCM
(entry 1). However, this could be improved by
increasing amount of Pd(OAc), up to 5% mol. The
orange solid of PPE 3a were isolated in 84% yield
without remaining starting material (entry 2). A second
set of experiments were run in order to determine the
best solvent and base system (entries 2-7). In the case
of TEA as base (entries 2-4), we screened type of
solvent and found that MeCN gave the highest yield of
polymer. However, degree of polymerization remained
low (DP, = 13) in comparison with THF (DP, = 20).
This is due to the poor solubility of starting material in
MeCN. Next, type of base was screened (entries 2, 5-
7). It indicated that inorganic base is inefficient
causing incomplete conversion of starting material
(entries 6, 7) while DBU was the most effective base
giving satisfactory yield of yellow-orange solid of PPE
3a (71%) along with the highest degree of
polymerization (DP,, = 36) and polydispersity (M,/M,
= 2.3) (entry 5), Therefore, we selected THF and DBU
as the best solvent and base.

Table 2. Synthesis of dibutoxy-PPEs from calcium
carbide via sonogashira coupling reaction®

OBu CaC, OBu
Pd(OAc),, Cul, PPhs
BuG room temp. Bud
2a 3a
entry | % mol | Base/solvent Yield® | DP,S | My/M,
of Pd (%)
1 1 TEA /THF N.A. - -
2 5 TEA/THF 84 20 2.3
3 5 TEA/MeCN 90 13 2.1
4 5 TEA/DMF N.A - -
5 5 DBU/THF 71 36 2.3
6 5 K,COy/THF | N.A - -
7 5 Cs,COs/THF | N.A - -
g 5 | PBUMECN | 100 | a7 | 23

Unless noted, CaC, (6 equiv), Pd(OAc), (0.05 equiv), PPh3
(0.10 equiv), Cul (0.10 equiv), Base:solvent (1:2) was stirred
at room temperature for 20 h under nitrogen atmosphere.
PReprecipitation by MeOH.

“Characterized by gel permeation chromatography using PS as
reference.

4TMS-acetylene were used instead of CaC,

2.3 Comparison 'H NMR of calcium carbide
method with the conventional method (TMS-
acetylene)

At the end of above section, we used the TMS-
acetylene (Table 2, entry 8) as acetylene surrogate in
order to compare with our method, calcium carbide.

The 'H NMR of PPE from the optimized condition
(entry 5) was compared with PPE from which was
synthesized from Sonogashira TMS-acetylene which is
prepared (entry 8) by following the reported literature®.
As seen in 'H NMR spectra (Scheme 2), we found that
PPE from TMS-acetylene experiment displayed small
peaks in the aromatic region suggesting the possibility
of end group formation, while PPE from our optimized
condition no end group and diyne signal presented
(entry 5). We therefore suggested that PPE derived
from calclium carbide had high molecular weight and
quality. This result is in corresponding with GPC data
showing lower molecular weight (DP, = 17) of the
polymer comparing with PPE from CaC, (DP, = 36).
The reason why PPE from CaC, have higher molecule
weight with no diyne defect or end-group formation is
perhaps due to the slow release of acetylene gas from
hydrolysis of calcium carbide. The proton source from
the hydrolysis process came from the small amount of
H,0O in undried solvent and HI which is derived from
Sonogashira coupling process.

Scheme 2. 'H NMR spectra of PPE of 3a from TMS
acetylene (a) and calcium carbide (w)

3. Conclusion

In conclusion, we have successfully developed a
cost-effective synthesis method for poly(phenylene-
ethynylene)s with high molecular weight and high
quality by using calcium carbide and diiodoarenes as
starting materials via a Pd-catalyzed coupling reaction.
The fact that caclium carbide is primary chemical feed
stock for petrochemical industry, this process will
allow the large scale synthesis of high quility-PPE in
polymer process industry.

4. Experimentals

4.1 Materials

All reagents were purchased from Sigma-Aldrich,
Fluka® (Switzerland) or Merck® (Germany) and used
without further purification. Analytical thin-layer
chromatography (TLC) was performed on Kieselgel F-
254 pre-coated plastic TLC plates from EM Science.
Visualization was performed with a 254 nm ultraviolet
lamp. Gel column chromatography was carried out
with silica gel (60, 230-400 mesh) from ICN Silitech.
The 'H and *C NMR spectra were recorded on a
Varian 400 or Bruker 400 in CDCl;. All polymer




solutions were filtered through 0.45 um syringe filters
prior to use. Polymer molecular weights were
determined at 25 °C on a HP series 1100 GPC system
in THF at 1.0 mL/min  (3mg/mL sample
concentrations) equipped with a diode array detector
(254 nm and 450 nm) and a refractive index detector.
Polymer molecular weights are reported relative to
polystyrene standards.

4.2 Synthesis

1,4-bis(butoxy)benzene (1a)

To a stirred suspension of KOH (4.58 g, 81.72
mmol) and hydroquinone (2.00 g, 18.16 mmol) in
DMF (15 mL) was added dropwise n-butyl bromide
(9.95 g, 72.64 mmol). The mixture was stirred at room
temperature for overnight. The mixture was poured
into 300 mL of cool water and the organic layer was
filtered, washed with cool water many times, and dried
over a steam bath to afford 8.82 g( 18.16 mmol, 76%)
of 1a as a light brown solid: '"H NMR (400 MHz,
CDCl3) & ppm 6.82 (s, 4H), 3.92-3.89 (t, 4H), 1.77-
1.70 (m, 4H), 1.52-1.43 (m, 4H), 0.98-0.94 (t, 6H). **C
NMR (101 MHz, CDCl;) & ppm 153.7, 115.9, 68.9,
32.0,19.7, 14.3.

1,4-dibutoxy-2,5-diiodobenzene (2a)

To a stirred of 1a (4.00 g, 17.99 mmol) in MeOH
(30 mL) at temperature below 15 °C was added
dropwise iodine(l) chloride (12.76 g, 78.61 mmol)
and the mixture was stirred reflux for 4 h. The mixture
was extracted three times with CH,Cl,. The combined
extract was washed with aqueous Na,S,03, water, and
brine, dried over anhydrous Na,SO,, concentrated in
vacuo and purified by column chromatography to
provide product.to afford 6.25 g (17.99 mmol, 74%) of
2a as a white solid. *H NMR (400 MHz, CDCly) &
ppm 7.17 (s, 2H), 3.95-3.92 (t, 4H), 1.82-1.75 (m, 4H),
1.58-1.49 (m, 4H), 1.00-0.96 (t, 6H). *C NMR (101
MHz, CDCls) & ppm 153.2, 123.2, 86.6, 70.4, 31.6,
19.6, 14.1.

OBu
I I
BuO ,,
CaC, / \TMS — n
OBu OBu
n n
BuO 3a(w) BuO 3a(a)

Scheme 3. Diagram for synthesized of 3a(w), 3a(a).

Synthesis of poly(1,4-dibutoxy-p-phenyleneethy-
nylene) (3a(w)) via Pd-catalyzed coupling reaction
of calcium carbide with 2a

A 100 mL round bottom flask with a magnetic
stirrer bar was charged with 2a (150 mg, 0.31 mmol),
palladium(Il)acetate (3.37 mg, 0.015 mmol), copper
iodide (5.90 mg, 0.031 mmol), triphenylphosphine
(8.13 mg, 0.031 mmol), calcium carbide (119.22 mg,
1.86 mmol) and DBU (2 mL) in THF (4 mL). The

reactions were carried out under positive pressure of
N, filled in rubber balloons. The mixture was stirred at
room temperature for 20 hours. The solution was then
filtrated with cotton wool by methylene chloride as
eluent, concentrated to a small volume and precipitated
by dropping the solution into 150 mL of methanol.
The precipitate that formed was collected by
centrifuge, washed repeatedly with methanol and
evaporated under vacuum to afford 53.48 mg ( 0.22
mmol, 71%) of 3a(w) as a orange-yellow solid. M,, =
20168, M,/M, = 2.30, DP, = 36, "H NMR (400 MHz,
CDCl3) 6 ppm 7.02 (s, 2H), 4.05 (br, 4H), 1.84 (br,
4H), 1.66 — 1.49 (m, 4H), 1.01-0.98 (t, 6H). (Scheme
2).

Synthesis of poly(1,4-dibutoxy-p-phenyleneethy-
nylene) (3a(a)) via Pd-catalyzed coupling reaction
of trimethylsilylacetylene with 2a

Synthesized following the reported literature®. A
100 mL round bottom flask with a magnetic stirrer bar
was charged with 2a (150 mg, 0.31 mmol),
tetrakis(triphenylphosphine)palladium  (17.34  mg,
0.015 mmol), copper iodide (5.90 mg, 0.031 mmol),
trimethylsilylacetylene (36.53 mg, 0.37 mmol) and
DBU (2 mL) in mixture solvent of MeCN (3 mL),
THF (2 mL). The reaction was carried out under
positive pressure of N, filled in rubber balloons. The
mixture was stirred at room temperature for 3 days.
The mixture was then purified according to 3a(w) to
afford 75.64 mg ( 0.31 mmol, 100%) of 3a(a) as a
green-yellow solid. M,, = 9765, M,,/M,, = 2.30, DP, =
17, 'H NMR (400 MHz, CDCl3) & ppm 7.02 (br, 1H),
6.91 (br, 1H), 4.04 (br, 4H), 1.84 (br, 4H), 1.56 (br,
4H), 1.00 (br, 6H) (Scheme 2).

Acknowledgements

This study is financially supported by the
Thailand Research Fund (TRF-RSA5480004) and
National ~Nanotechnology Center (NANOTEC),
NSTDA  (NN-B-22-FN9-10-52-06), Center for
Petroleum, Petrochemicals and Advanced Materials,
Chulalongkorn University. This work is part of the
Project for Establishment of Comprehensive Center
for Innovative Food, Health Products and Agriculture
supported by the Thai Government Stimulus Package
2 (TKK2555, SP2), Asahi Glass Foundation, and also
the National Research University Project of CHE
(AM1006A). Thesis Scholarships for Students No.
1/2556 Second Semester Academic Year 2555, Fiscal
Year 2556, Graduate School, Chulalongkorn
University.

References

[1] Wang. Y., Park.J. S., Leech. J. P., Miao. S., Bunz.
U. H. F., Macromolecules 40 (2007) 1843.

[2] Veller. B. V., Swager. T. M., Design and synthesis of
conjugated polymers (eds Leclerc. M. and Morin. J. F.),
Wiley-VCH Verlag GmbH (2010) 175-176.

[3] Wilson. J. N., Waybright. S. M., McAlpine. K., Bunz.
U. H. F., Macromolecules 35 (2002) 3799-3800.




[4] Chuentragool. P., Vongnam. K., Rashatasakhon. P.,
Sukwattanasinitt. M., Wacharasindhu. S., Tetrahedron
67 (2011) 8177-8182.

[5] a) Giardina. G., Rosi. P., Ricci. A., Sterzo. C. L,
Journal of Polymer Science: Part A: Polymer
Chemistry, 38 (2000) 2603-2621., b) Pizzoferrato. R.,
Berliocchi. M., Carlo. A. D., Lugli. P., Venanzi. M.,
Micozzi. A., Macromolecules 36 (2003) 2215-2223., c)
Shinar. J., Swanson. L. S., Lu. F., Ding. Y., United State
Patent, Patent NO. 5,334,539.

[6] Khan. A., Mu’ller. S., Hecht. S., Chem. Commun.
(2005) 584-586.




SYNTHESIS OF GLUCOPYRANOSYL-1,4-DIHYDROPYRIDINE AS A NEW
FLUORESCENT SENSOR TO DETECT PROTEINS

Oran Pinrat*, Mongkol Sukwattanasinitt’ and Anawat Ajavakom?®*

Program of Petrochemistry and Polymer Science, Faculty of Science, Chulalongkorn University, Bangkok 10330, Thailand
2Center for Petroleum, Petrochemicals and Advanced Materials, Department of Chemistry, Faculty of Science, Chulalongkorn
University, Bangkok 10330, Thailand

*E-mail: anawat77@hotmail.com

Abstract: Glucosamine (GIcNH) is an abundant
compound in Thailand, particularly from two
marine crustaceans: shrimp and crab. The new way
to utilize GIcNH has to be developed; otherwise this
resource will be wasted millions ton a year.
Glucopyranosyl-1,4-Dihydropyridine 3 (Glc-DHP)
has been synthesized as a new fluorescent
biosensor. Primary amine 1 was obtained from D-
glucosamine hydrochloride (GIcNHCI) as the
starting material by using the reported synthetic
procedure.’ Subsequent addition reaction of the
primary amine 1 and ethyl propiolate in DCM
under refluxing temperature for 3 days was carried
out to produce p-amino acrylate 2. Because B-
amino acrylate 2 has both nucleophilic and
electrophilic sites, the cyclotrimerization (3 eq.) of
the B-amino acrylate to 1,4-Dihydropyridine 3
(DHP) was observed smoothly in the presence of
TiCl,.2 By possessing fluorescence property, this
Glc-DHP 3 was used as fluorescent biosensor for
the detection of protiens; e.g. BSA, hemoglobin,
papain, etc. The fluorescence signal of Glc-DHP 3
was selectively and completely quenched by
hemoglobin.

1. Introduction

For the last 2-3 decades, heme proteins,
metalloproteins containing the heme prosthetic group,
either covalently or non-covalently bound to the
protein, have been extensively studied, due to their
capacities to undergo reduction and oxidation at the
iron heme®**. Some of these proteins are electron
carriers (cytochrome c, catalase), others are involved
in catalysis (e.g. peroxidase, cytochrome coxidase) and
in active membrane transport or in oxygen transport
(e.g. hemoglobin, myoglobin, cytoglobin).
Hemoglobin is a protein in red blood cells that
transports oxygen throughout the body. The most
common hemoglobin, tetramer consisting of four
subunits non-covalently bound (Figure 1), is normally
tested for the diagnosis of the diseases such as anemia,
leukemia.>® Among the current methods for proteins

detection, fluorescence-based biosensors have received
considerable attention due to their sensitivity and
detection simplicity.

N

7\

HOOC COOH

Figure 1. Structure of heme protein.

GIcNHCI, easily synthesized from GIcNH by HCI
treatment, was initially treated with p-anisaldehyde for
the protection of NH, unit, then acetylation, removal
of the p-methoxybenzylidene protecting group with
HCI in acetone and neutralized by 0.5M NaOH to
obtain primary amine 1 in 58% yield over 4 steps.*
Glucopyranosyl-1,4-Dihydropyridine  (Glc-DHP  3)
was synthesized via cyclotrimerization of the 3-amino
acrylate 2, obtained from the reaction of amine 1 with
ethyl propiolate, in the presence of TiCl, (Scheme 1).
The structure of Glc-DHP 3 was confirmed by 'H
NMR, **C NMR. The Glc-DHP 3 gave strong blue
light emission (450 nm) under black light. The strong
emission of Glc-DHP 3 was used as sensor for the
detection of proteins such as BSA, hemoglobin,
papain, etc. Interestingly, the fluorescence signal of
Glc-DHP 3 was selectively and completely quenched
by hemoglobin.

OAc

o 1 isaldehyd
HO 0 on ) p-anisaldehyde o
HO 2) Ac,0 AcO o OAc
c

NH, HCI 3) 5M HCl A N
2
GleNHCI 4) 0.5M NaOH 1
Ethylpropiolate
58% vyield in 4 steps CH,Cl,
OAc 81% yield

0 OAc

ACO%OAC
AcO TCh Ao O onc
R S we—
N , 40% yield AcO

\
CO,E
Glc-DHP 3 \ 2 HN
Q 2 _\\MCOZEt
EtO,C CO,Et

Scheme 1. Synthesis of Glc-DHP 3.




2. Materials and Methods

2.1 General

Chemicals and materials: ethyl propiolate and TiCl,
were purchased from Sigma-Aldrich and Fluka.
Dichloromethane (CH,CI,) was dried over CaH, and
distilled prior to use. Thin layer chromatography
(TLC) was carried out using Merck 60 F254 plates
with a thickness of 0.25 mm. Column chromatography
was performed on Merck silica gel 60 (70-230 mesh).

Analytical Instruments: Absorption spectra were
measured by a Varian Cary 50 UV-Vis
spectrophotometer.  Fluorescence  spectra  were
perfoormed on a  Varian Cary  Eclipse
spectrofluorometer. The *H and **C NMR spectra were
collected on a 400 MHz NMR spectrometer (Mercury
400, Varian) and 100 MHz NMR spectrometer
(NETZSCH DSC 204 F1), respectively.

2.2 Preparation of 1,3,4,6-tetra-O-acetyl-p-D-glucosa-

mine 1.

Primary amine 1 was prepared from GIcNHCI
according to the reference method® in 58% yield over
4 steps. The structure was confirmed in good
agreement with literally reported information.

2.3 Preparation of ethyl B-amino acrylate 2.

To the solution of primary amine 1 (1 g, 1 equiv) in
CH,Cl, 25 mL, ethyl propiolate (5 equiv) was slowly
added and the reaction mixture was stirred under
refluxing temperature for 3 days. The mixture was
evaporated in vacuo and condensed residue was
purified by column chromatography
(EtOAc/Hexane=30/70) to provide the ethyl B-amino
acrylate 2 (81% yield) as a pale yellow oil. *"H NMR
(400 Hz, CDCls) & 7.65 (1H, NH), 6.47 (1H, =CHN),
5.56 (1H, H-1), 5.27 (1H, H-3), 5.05 (1H, H-4), 4.46
(1H, CH=CHN), 4.30 (1H, H-6), 4.21(1H, H-6'), 4.08
(2H, OCH,CHjy), 3.74 (1H, H-5), 3.21 (1H, H-2), 1.89-
2.12 (12H, 40Ac), 1.18 (3H, OCH,CHj3).

2.4 Preparation of 1,3,4,6-tetra-O-acetyl-p-D-glucosa-

minyl-1,4-dihydropyridine (Glc-DHP 3).

To the solution of ethyl B-amino acrylate 2 (1
equiv) in dry CH,CI, 25 mL in an ice bath, TiCl, (0.3
equiv) was added rapidly and the reaction mixture was
stirred overnight at room temperature under nitrogen
atmosphere. After the solution was quenched with
distilled deionized water (25 mL) was added and the
mixture was extracted with CH,Cl, (25 mL). The
organic portions were combined and neutralized by
addition of 10% w/v NaHCOj; solution. The organic
phase was washed with deionized water (3x25 mL),
dried over MgSO,, and evaporated under reduced
pressure. The crude product was purified by column
chromatography (EtOAc/Hexane=20/80) to provide
the 1,3,4,6-tetra-O-acetyl-B-D-glucosaminyl-1,4-
dihydropyridine 3 (40% yield) as a pale yellow oil.

'H NMR (400 Hz, CDCl,) & 7.05 (2H, CH=C), 5.76
(1H, H-1), 5.31 (1H, H-3), 5.12 (1H, H-4), 4.30 (1H,
H-6), 4.23-4.06 (5H, DHP-CO,CH,CH; and
CHCH,CO,Et), 4.03 (1H, H-6'), 3.85 (1H, H-5), 3.74

(2H, CH,CO,CH,CHs), 3.46 (1H, H-2), 2.45 (2H,
CH,CO,Et), 1.89-2.12 (12H, 40Ac), 1.23 (6H, DHP-
CO,CH,CHy), 1.11 (3H, CH,CO,CH,CH3).

3. Results and Discussion

The chemosensor behavior was investigated by the
fluorescence measurement in aqueous solution (1 pM)
upon excitation at 360 nm (Table 1). The molar
absorption coefficient of Glc-DHP 3 was 6,900 M™
cm™. Glc-DHP 3 exhibited an emission peak at 450
nm with fluorescent quantum efficiency (@) of 0.29.

Table 1: Photophysical property of Glc-DHP 3 in
aqueous solution.

Absorption Emission Appearance
Amax € Amax @ (2uM) under
(nm) M*.cm* (nm) black light

360 6,900 450 0.29

The fluorescent responses of Glc-DHP 3 (1 uM)
towards proteins (BSA, lysozyme, papain, histone, o-
casein, carbonic anhydrase, o-lactalbumin, f-
lactalbumin, lectin (50 uM) and hemoglobin (25 uM))
were evaluated in aqueous solutions (Figure 2). Upon
the addition of the proteins into a solution of DHP 3,
only hemoglobin caused a significant fluorescence
quenching effect.

Figure 2. Fluorescence quenching profile of DHP 3 (1
uM), after addition of each protein (50 uM) (only
hemoglobin 25 uM) in agueous solution (A, = 360
nm).

Thus, we carried out the fluorescence titrations of
the aqueous solution of DHP 3 (1 uM) with
hemoglobin. Upon addition of incremental amount of
1 uM of hemoglobin to the solution of DHP 3 in
aqueous solution, the quenching in fluorescence
emission was observed at the concentration as low as
25 equiv (Figure 3). As shown in the spectra, with
increase of hemoglobin concentration from 0 to 5 uM,
the fluorescent signal was rapidly decreased. However,
at a higher concentration of hemoglobin (from 6 to 25
uM), the fluorescence signal was gradually dropped
and was completely quenched at 25 pM.




0uM
[Hemoglobin]

25 uM

Figure 3. Fluorescence change of DHP 3 (1 uM) with
the addition of hemoglobin (0 to 25 equiv) in aqueous
solution (Aex = 360 nm).

The emission response to hemoglobin was also
investivated by using Stern-Volmer relationship and
linear plot (inset Figure 4) with a Stern-Volmer
constant of 424,000 M™ at the concentration of
hemoglobin was below 7 uM.

Figure 4. Stern-Volmer plot in response to
hemoglobin. Inset: Stern-Volmer plot obtained at
lower concentration of hemoglobin (7 pM).

The change in fluorescence spectra of Glc-DHP 3
with the addition of hemoglobin was presumably due
to the corporation (interaction) with metal (Fe®)
within the hemoglobin. As future work, in order to
confirm this hypothesis, we will investigate with other
metalloproteins such as myoglobin, cytochrome ¢ as
Fe?* complexes and chlorophyll as other metal
complexes.

4. Conclusions

In summary, we have reported a new fluorescent
Glc-DHP 3 which can be used as selective biosensor
for hemoglobin in aqueous solution. The decrease of
fluorescence signal was proportional to the
hemoglobin concentration with high quenching
efficiency (Kq, = 424,000 M™Y.
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Abstract: Phenyleneethylene fluorophores (F1) with
dicyano receptor as cyanide probe was successfully
synthesized by the sonogashira coupling. The probe
displayed apparent colour changes from deep red to
colourless and turned on green fluorescent emission via
the reducing intramolecular charge transfer (ICT)
process. With the aid of the UV-vis and fluorescent
spectrometer, the detection limit could be as low as 2.0
uM. Additionally, *H-NMR titration confirmed that CN-
as electrophile attacked at alpha carbon of the probe.
The fluorophore possessed high selectivity for cyanide
with respect to other common anions. Additionally,
fluorophores could serve as practical colorimetric probe
for on-site measurements.

1. Introduction

Cyanide is very toxic to human even at low
contamination that can cause death. Cyanide can
strongly inhibit the process of cellular respiration
when entering into human blood system by interacting
with a heme unit in the active site of cytochrome aa3
[1]. However, it remains widely used (1.5 million tons
per year) and its poisoning may occur in particular
industry such as in metal trades, mining,
electroplating, jewellery manufacturing, and X-ray
film recovery [2]. In nature, cassava, cyanogenic
algae, bacteria and fungi can produce and release
cyanide compounds that sometime cause food and
water contamination [3]. Water-soluble potassium and
sodium cyanide salts have been known to be ones of
the most lethal chemical reagents and even used as
poisoning  materials  [4-5]. The  maximum
concentration of cyanide allowed in drinking water by
the WHO manual is 2.7 uM [6]. Significantly, the
detection of cyanide ion under biologically relevant
aqueous solution is thus vital for safety management
and sensors for food and agriculture such as Thai
tapioca starch industry. Recent development of
fluorescence turn-on sensors based on nucleophile
with addition of cyanide has encouraged much interest
due to its high sensitivity and selectivity [6, 7].

Thus, it is reasonable to develop novel conjugated
fluorophores (CF)-based chemodosimetric sensors for
cyanide detection, which will exhibit both the high
sensitivity of CF-based sensors and the high
selectivity of chemodosimetric sensors. To our
surprise, this desirable combination of these sensing

properties has not been mentioned at all for the
reaction-based N’',N” dimethyl-phenyleneethylene con-
taining dicyano receptor.

In this work, we designed and synthesized a novel
conjugated fluorophore (F1) containing dicyano-vinyl
unit to be a highly selective and sensitive cyanide
sensor. Its design is based on the consideration that the
dicyanovinyl group can act as a selective cyanide
reactive unit for the nucleophilic addition reaction.
This is due to an efficient fluorescence turn-on sensor
for cyanide ion [10].

@_ / 3.3 eq. BTMAICI, / Me;Si—=—H = /
N l—< >—N —
N —— \ MeSi—= ON\
CaCOy, CHCly, McOH PACly(PPhy),, Cul, DBU
Reflux, 36 h 84% Toluene, 11, 4 h 90%
K,CO;, CH,Cl,MeOH
o rt, overnight
N WA ad s -
= N - N
o \ = Y
1 PACI,(PPhs),, PPh, Cul,
DIPA, Tols . 70°C, 12h
1% ouene 87%

NC__CN

Piperidines, CH,Cl,
25°C, 1h

F1
62%

Scheme 1. The Synthetic Scheme of F1.
2. Materials and Methods

2.1 Analytical instruments

The melting points of all products were acquired
from a melting point apparatus (Electrothermal 9100,
Fisher Scientific, USA). Mass spectra were recorded
on a microflex MALDI-TOF mass spectrometer
(Bruker Daltonics) using doubly recrystallized a-
cyano-4-hydroxy cinnamic acid (CCA) as a matrix.
The HRMS spectra were measured on an electrospray
ionization mass spectrometer (microTOF, Bruker
Daltonics). 'H-NMR and *C-NMR spectras were
acquired from sample solution in CDCl; and acetone-
d®, on Varian Mercury NMR spectrometer (Varian,
USA) at 400 MHz and 100 MHz and Bruker AV-500
NMR Spectrometer at 500 MHz and 125 MHz
respectively. The UV-visible absorption spectra were




obtained from a Varian Cary 50 UV-vis
spectrophotometer (Varian, USA). The fluorescence
emission spectra were recorded on a Varian Cary
Eclipse spectrofluorometer (Varian, USA) and Hitachi
model F-2500 fluorometer.

Preparation of 4-iodo-N,N-dimethylaniline. A
mixture of N,N-dimethylaniline (6.0 g, 50 mmol) in
chloroform (100 mL) and methanol (50 mL) was
added with BTMAICI, (18.08 g, 52 mmol) and CaCOs
(16.45 g, 0.15 mmol). After the reaction mixture was
refluxed for 36 h, 20% Na,S,0; solution was added to
the mixture until the mixture became light yellow. The
mixture was filtered and the filtrate was extracted with
dichloromethane (3 x 50 mL). The combined organic
phase was washed with water (2 x 100 mL) and dried
over anhydrous MgSO,. The solution was
concentrated and the residue was precipitated in
methanol/CH,Cl,. 4-lodo-N,N-dimethyl-aniline was
obtained in a form of purple solid (10.37 g, 84%). mp:
91-93°C; 'H NMR (CDCls, 400 MHz): & (ppm) 7.46
(d, J=5.6 Hz, 2H), 6.49 (d, J =5.6 Hz, 2H), 2.92 (s, 6
H); *C NMR (CDCl;, 100 MHz): & (ppm) 137.5,
114.7, 40.4.

Preparation of N,N-dimethyl-4-((trimethylsilyl)-
ethynylaniline. A mixture of 4-iodo-N,N-dimethyl-
aniline (2.51 g, 10 mmol), PdCI,(PPhs), (0.35 g, 0.5
mmol), Cul (0.08 g, 0.5 mmol) and trimethylsilyl-
acetylene (1.08 g, 11 mmol) in toluene (10 ml) was
added with DBU (1 mL) and the mixture was stirred at
room temperature for 4 h. The reaction mixture was
then filtered and the solid was washed with toluene (3
x 15 ml). The filtrate was evaporated and the residue
was eluted through a silica gel column by gradient
solvents starting from pure hexane to dichloro-
methane/hexane (1/3) as an eluent to afford
N,N-dimethyl-4-((trimethyl-silyl)ethynylaniline as a
yellow solid (2.17 g, 90% vyield). mp: 88-89°C; 'H
NMR (CDCls, 400 MHZ2): 8 (ppm) 7.11(d, J = 7.2 Hz,
2H), 6.35 (d, J = 7.2 Hz, 2H), 2.72 (s, 6H), 0.01 (s,
9H); ®C NMR (CDCl;, 100 MHz): & (ppm) 149.9,
132.9, 111.3, 109.6, 106.3, 90.9, 39.9, 0.01.[8]

Preparation of 4-ethynyl-N,N-dimethylaniline. A
mixture of N,N-dimethyl-4-((trimethylsilyl)ethynyl)-
aniline (1.00 g, 4.6 mmol) and K,CO; (0.059 ¢, 0.43
mmol) in dichloromethane (15 mL) and methanol (15
mL) was stirred at room temperature for 12 h. Next
addition of water, the organic layer was separated and
the aqueous phase was extracted with dichloromethane
(2 x 50 mL) and was then dried over anhydrous
MgSQ,. The filtrate was evaporated and the residue
was eluted through a silica gel column by gradient
solvents starting from pure hexane to dichloro-
methane/hexane (1/3) as an eluent to afford 4-ethynyl-
N,N-dimethylaniline as a brown-yellow solid (0.60 g,
87% yield). mp: 67-69°C; 'H NMR (CDCl;, 400
MH2z): 6 (ppm) 7.37 (d, J = 8.8 Hz, 2H), 6.62 (d, J =
8.8 Hz, 2H), 2.07 (s, 7H); *C NMR (CDCl;, 100
MHz): 5 (ppm) 150.4, 133.2, 111.7, 108.7, 84.9, 74.9,
40.

Preparation of 1. A mixture of 4-ethynyl-N,N-
dimethylaniline (146.0 mg, 1.0 mmol), 4-Bromoben-

zaldehyde (190 mg, 1.1 mmol), PdCI,(PPhs), (35.0
mg, 0.05 mmol), Cul (9.5 mg, 0.05 mmol) in THF (5
mL) was added with isopropylamine (1 mL) and the
mixture was stirred at 70 °C for 15 h. The reaction
mixture was then evaporated and the residue was
eluted through a silica gel column by gradient from
pure hexane to hexane/CH,Cl, (1:2, v/v) as an eluent
to afford 1 as a yellow solid. (176.2 mg, 71% vyield).
mp: 150-152°C; 'H NMR (CDCl;, 500 MHz): &
(ppm) 10.02 (s, 1H,), 7.85 (d, 2H, J = 8.2 Hz), 7.63
(d, 2H, J =8.2 Hz), 7.45 (d, 2H, J =8.4 Hz), 6.75 (d,
2H, J =8.4 Hz), 3.03 (s, 6H). MS-ES+ m/z, Calcd for
C17H1sNO, calcd 249.307, found 249.345.

Preparation of F1. Piperidine (0.2 mL) was added
to a solution of compound 1 (99.2 mg, 0.39 mmol) in
CH,CI, (20 mL) and then malononitrile (55 mg, 0.72
mmol) was added, and the reaction mixture was stirred
for 1 h at 25 °C. The reaction mixture was then
evaporated and the residue was purified by using
column chromatography with 4/1 CH,Cl,/hexane to
give compound F1 as a dark red solid was obtained
(72.4 mg, 62 %). mp: 125-127 °C; 'H NMR (500
MHz, Acetone-d®): & (ppm) 8.20 (s, 1H), 7.95 (d, 2H, J
= 8.8 Hz), 7.60 (d, J = 8.8 Hz, 2H), 7.34 (d, J = 8.8
Hz, 2H), 6.68 (d, J= 8.8, 2H), 3.06 (s, 6 H) ppm. **C
NMR (500 MHz, Acetone-d®): & (ppm) 161.5, 151.9,
132.4,131.6, 131.5, 130.8, 129.5, 114.2, 113.1, 111.7,
108.5, 99.0, 88.7, 82.6, 40.2 ppm. APCI-MS m/z,
Calcd for CyoHygN;3 caled. 297.3532; found 297.3598.

2.2 Photophysical property study

The spectroscopic studies were conducted on
solutions of F1 prepared from a 50 pM stock solution
of F1 in water/THF (40:60, v/v) solution [9]. The UV-
visible absorption spectra were recorded from the
solution sample in a quartz cuvette with 10 mm optical
path length at ambient temperature. The emission
spectra were recorded from the solution sample in a 10
mm quartz cuvette at ambient temperature using an
excitation wavelength at 345 nm.

Preparation of solutions of anions, one millimole of
inorganic salt (NaOAc, NaNO,, NaNOs, NaF, NacCl,
NaBr, Nal, NaHSO,, NaH,PO,, KSCN, and NaCN)
was dissolved in water/THF (40:60, v/v) solution (20
mL) to afford 1 x 10~ mol/L aqueous solution. The
stock solutions were diluted to desired concentrations
with water/THF (40:60, v/v) when needed.

Preparation of solutions for selectivity study
between F1 and 11 anions, a solution of F1 (1 pM)
was prepared in water/THF (40:60, v/v). Then 1.0 mL
of the solution of F1 was placed in a quartz cell and
the UV— vis absorption spectrum was recorded. The
NaCN aqueous media was introduced in portions and
the absorption and fluorescent changes were recorded
at room temperature each time.

3. Results and Discussion

The F1 synthesis and its structural characterization,
the compound F1 synthetic scheme was depicted in
Scheme 1. It was easily seen that the target compound
was prepared conveniently through the sonogashira




and general condensation reaction between 1 and
malononitrile. The results achieved in high yields. Its
structure was confirmed by *H NMR, *C NMR, and
MS spectroscopic data. The synthetic route and
purification were simple.

Compound F1 displayed good solubility in common
organic solvents, such as CH,Cl,, EtOAc, THF, etc. Its
structure was characterized by spectroscopic methods.
Compound F1 was orange-red color in water/THF
(40:60, v/v) and showed two distinct absorption bands
at 345 and 440 nm. The former attributed to the m-r*
transition and the latter presented an intramolecular
charge transfer (ICT) transition.

To study the selectivity of F1 for cyanide detection,
other different 11 anions (OAc, NO,, NOj3, F, CI,
Br, I, HSO,, H,PO4, SCN’, and CN’) were also
tested. Solutions were allowed to equilibrate for 15
min before taking the measurement. Figure 1 clearly
showed that only cyanide ion changed the absorption
signal, absorption bands diminished, while new band
at 345 nm, showed up. The change of the color could
be observed clearly by naked eyes.

Figure 1. Absorption spectra of F1 (2 x10° M) in
water/THF 40:60, v/v) solution with and without
anions OAc’, NO,, NO4, F, CI', Br, I', HSO,, H,PO,
, and SCN" (20 equiv each). The absorption spectra of
F1 (2 x10° M) changed upon the addition of CN’
anion (3 eq.).

The fluorescence signal of FI (1 uM) was monitored
by titration in a mixed solution of 40:60 (v/v)
water/THF upon excitation at 360 nm. The addition of
20 eq. of eleven anions abovementioned showed that
no significant change was observed at the absorption
spectra. To study the selectivity of F1 for cyanide
detection (3 eq.), Figure 2(a) showed that only cyanide
ion could enhance the fluorescent signal. Unlike other
ions tested, F1 probe demonstrated high selectivity of
cyanide ion. The interference test was also conducted
by adding cyanide and other anions into the F1
solution. The results proved that the F1 probe still
could detect cyanide ion in the mixture solution as
shown in Figure 2(b).

Figure 2. (a) Fluorescence spectra of F1 and F1 + each
10 anions (b) Histograms of 1/l, obtained from the
corresponding fluorescence spectra. (Aex = 360 nm;
Medium = water/THF (40:60, v/v); [F1] = 1 uM; [9
other anion] =20 UM, [CNT =3 uM).

The degree of the fluorescence intensity change
((1-10)/1px100) was plotted against the cyanide
concentration in the range of 0- 40 uM. It presented a
linear line (Figure 3). The plot also gave the detection
limit (at 3 x noise) of cyanide ion as 2.0 uM or 40 ppb.
This is below the concentration limit of 2.7 uM
allowed to be presented in drinking water by WHO
guideline.

Figure 3. A plot of the fluorescence intensity change
((1 - 1)/1px 100) of F1 vs [CNT]. (Aex = 360 nm; Aem
= 445 nm; Medium = water/THF (40:60, v/v); [F1] =
1 uM; 15 min).

The interaction of F1 with cyanide anion exhibited
the changes in *H NMR experiments. Figure 4 showed
the *H NMR spectra of F1 upon the addition of sodium
cyanide in Acetone-d® solution. The addition of
cyanide resulted in a slow reduction of the vinylic
proton signal H(e) at 8.20 ppm and finally disappeared
with addition of 1 eq. of cyanide. However, a new
signal appeared at 4.32 ppm, which corresponded to
the H(€e') proton. Thus, the results were consistent with
the proposed mechanism that cyanide was added to the
o position of dicyanoethylene group. Meanwhile, the
shield shift of two sets of aromatic proton (Ha & Hb,
Hc & Hd) were observed. Ha & Hb presented a strong
shield shift at the ortho and meta position due to its
close proximity to the ethylene group. In contrast, Hc
& Hd showed slightly shield shift due to its long
distance of cyanohydrin group. After the cyanide anion
was added to the vinyl group, the electron density of
F1 increased




[9] Y. D. Lin, Y. S. Peng, W. Su, C. H. Tu, C.H. Sunand T.
J. Chow, Tetrahedron 68 (2012) 2523-2526.

Figure 4. "H NMR spectral changes of F1 in Acetone-
d® upon the addition of CN" anion.

4. Conclusions

In summary, we synthesized a novel fluorophore
containing dicyano as a selective probe for CN™ by
using sonograshira reaction. The F1 displayed the
highest selective cyanide detection via naked eyes and
a fluorescent “turned on” in water media. The method
showed a linear range of cyanide concentration in
micromolar unit. The results exhibited the detection
limit of 2.0 pM, which was lower than the CN°
contaminated allowance in drinking water determined
by WHO guideline.
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Abstract: 3,10-di-O-Methylbrazilin, a new derivative of
brazilin, was isolated from  Caesalpiniasappan
heartwoods, together with four known compounds
identified as protosappanin A, 3-deoxysappanchalcone,
3-deoxysappanone B and brazilin. These isolated
compounds were tested for inhibitory activity against
KB-Oral cavity cancer and NCI-H187-small cell lung
cancer. 3-Deoxysappanone B exhibited anticancer
activity against KB-Oral cavity cancer with 1Cs, 3.74
po/ml whereas brazilin exhibited anticancer activity
against NCI-H187-small cell lung cancer with 1Csy 4.20

po/ml.

1. Introduction

CaesalpineasappanL, knownlocally  as
“Phang” in Thai, is found in China, India, Burma,
Thailand, Indonesia, Vietnam and South India. The
tree is cultivated in the gardens, 6-9m in height. The
leaves are compound with 8-12 pairs of oblong leaflets
and small prickle. Flowers are yellow in terminal and
auxiliary pinnacles, fruits are woody pods. Wood is
orange-red, hard and very heavy [1-2].

The heartwood has been used in Chinese
traditional medicine toanalgesic and anti-inflammatory
agent. The small core of heartwood produces a dark
red solution in water and is being used as herbal
drinking water [3-4]. Its various biological activities
include antioxidant activity, anti-bacteria activity, anti-
arthritic activity, and anti-acne agent [5-7].

Anticancer agents in this plant have been
reported to possess DNA stand-nicking ability [8]. In
the preceding papers, we report the isolation and
elucidation of five compounds and inhibitory activity
against KB-Oral cavity cancer and NCI-H187-small
cell lung cancer.

2. Materials and Methods

2.1 Plant materials

The heartwoods of Caesalpinea sappan L
were collected in Karnjanaburi province, Thailand in
December 2010.

2.2 General experimental procedures

The IR spectra were obtained using a Perkin-
Elmer FT-IR spectrum 400 spectrometer (ATR). The
'H and **C NMR spectra were recorded with a Bruker
AVANCE 400 MHz spectrometer. Mass spectra

obtained by Eletrospray mass spectra (ESMS) were
determined on Finnigan LC-Q massspectometers.

2.3 Anticancer activity

The anticancer activities of the pure
compounds of heartwood from CaesalpineasappanL
were determined by ResazurinMicroplate assay
(REMA) using KB-Oral cavity cancer (Oral Cavity
cancer, ATCC CCL-17) and NCI-H187-Small cell
lung cancer (Human small cell lung carcinoma, ATCC
CRL-5804). This assay was performed using the
method described by previous report [9]. The
compounds were first diluted to 50 pg/ml in 0.5%
DMSO and then subjected to a doubling series of
dilutions. Cells at the logarithmic growth phase were
harvested and diluted to 7x104 cells/ml for KB and
9%x104 cells/ml for MCF-7 and NCI-H187, in fresh
medium. Successively, 5 ul of each sample solution
and 45 ul cell suspensions were added to 96-well
plates, incubated at 37°C in 5% CO, in an incubator.
After the incubation period (3 days for KB and MCF-7
and 5 days for NCI-H187),12.5 ulresazurinsolutions
(62.5 pg/ml) were added to each well, and the plates
were then incubated at 37°C for 4 h. The fluorescence
was measured using a SpectraMax M5 muti-detection
microplate reader (Molecular Devices, USA) at
excitation and emission wavelengths of 530 and 590
nm. The percentage inhibition of cell growth (%) was
calculated as [1-(FUT/FUC)]x100 where FUT and
FUC are the mean fluorescent units from treated and
untreated conditions, respectively. The 1Cs, values
were derived from the dose-response curves using the
SOFTMax Pro software. Ellipticine and doxorubicin
were used as positive controls and 0.5% DMSO was
used as a negative control.

2.5 Extraction and isolation

The air-dried ground heartwoods (2.5 kg) of
CaesalpineasappanLwere successively extracted at
room temperaturewith ethanol (3 x 6 L, each 5 days).
The crude extracts were evaporated under reduced
pressure to afford brownish ethanol (300.74 g). The
crude ethanol extract was extracted with EtOAc and
water, and the organic portions were evaporated under
reduced pressure to afford a reddish EtOAcC extract
(175.68 ). The residue wasfurtherpurified by column
chromatography (CC) on silica gel usinghexane as
eluent and increasing polar with EtOAc to give nine




fractions (C1-C9). Fraction C2 (30.83 g) was further
purified by CC with EtOAc-hexane (30:70) to give
5(35.5 mg). Fraction C1 (3.12 g) was subjected to CC
with EtOAc-hexane (30:70) to afford nine fractions
(C4a-C4i). Subfraction C4b (86.7 mg) was separated
by CC with EtOAc-hexane (40:60) to give 2 (26.3
mg). Subtractions C4d (65.3 mg) was purified by CC
with EtOAc-hexane (40:60) to give 3 (36.5 mg).
Fraction C5 (7.3 g) was recrystallized from EtOAc and
hexane to give 1 (2.14 g). Fraction C5 (6.93 g) was
purified by CC with EtOAc-hexane (60:40) to give 4
(3.24 q).

2.5.1. protosappanin A (1)

White solid; Rf = 0.61 (60:40, Hexane-Ethyl
acetate);m.p. 110-122 °C; Negative-ion ES-MS m/z
(rel. int.%): 269.2 [M+H] (100)."H NMR (400 MHz,
DMSO-d6): $,10.23 (1H, s, 3-OH), 9.48 (1H, s, 10-
H), 9.46 (1H, s, 11-H),7.57 (1H, d, J = 8.6 Hz, 1-H),
7.18 (1H, d, J = 8.6 Hz, 2-H), 7.15 (1H, s, 9-H), 7.14
(1H, s, 12-H), 7.13 (1H, s, 4-H), 4.97 (2H, s, 6-CH,),
3.81(2H, s, 8-CH,).*C NMR (100 MHz,DMSO-
d6):5.205.8 (C-7), 158.6 (C-4a), 157.7 (C-3), 144.8
(C-11), 144.6 (C-10), 129.9 (C-1, 1a), 125.4 (C-8a),
123.2 (C-12a), 117.1 (C-9), 116.9 (C-12), 112.6 (C-2),
108.3 (C-4), 77.9 (C-6) and 48.3 (C-8).The data were
identified by comparison of its *H-NMR and **C NMR
data reported for this compound[10].

2.5.2. 3-deoxysappanchalcone (2)

Orange solid; Rf = 0.66 (50:50, Hexane-Ethyl
acetate);m.p. 98-102 °C; Negative-ion ES-MS m/z
(rel. int.%): 269.7 [M+H]  (100). *H NMR (400 MHz,
DMSO-d6): §,10.23 (1H, s, 13-OH), 9.99 (1H, s, 3-
OH), 3.82 (3H, s, 5-OCHy), 7.50 (2H, d, J=8.4 Hz, 11-
H, 15-H),7.49 (1H, d, J = 8.4 Hz, 1-H), 7.45 (1H, d, J
= 16.0 Hz, 8-H),7.34 (1H, d, J = 16.0 Hz, 9-H),6.80
(2H, d,J=8.4 Hz, 12-H, 14-H), 6.48 (1H, d, J=1.6 Hz,
4-H),6.43 (1H, dd,J=1.6, 8.4 Hz, 2-H).*C NMR (100
MHz, DMSO-d6: 5:188.9 (C-7), 162.5 (C-3), 160.3
(C-5), 159.5 (C-13), 141.5 (C-8), 141.3 (C-1), 130.1
(C-11, 15), 125.9 (C-10), 123.9 (C-9), 120.2 (C-6),
116.3 (C-4,C-12, C-14)and 55.6 (OCH; at C-5).The
data were identified by comparison of its *H-NMR and
3C NMR data reported for this compound[11].

2.5.2.3-deoxysappanone B (3)

Colorless powder;Rf = 0.45 (45:55, Hexane-
Ethyl acetate);m.p. 105-108 °C;Negative-ion ES-MS
m/z (rel. int.%): 285.7 [M+H] (100). *H NMR (400
MHz, DMSO-d6): 8411.08 (1H, s, 7-OH), 9.30 (1H, s,
4'-0H),9.23 (1H, s, 3-OH), 8.15 (1H, d, J=8.4 Hz, 5-
H),7.18 (1H, d, J=7.6 Hz, 5'-H), 7.10 (1H, s, 2'-H),
7.00 (1H, d, J = 8.4 Hz, 6-H),6.97 (1H, d, J=7.6 Hz, 6'-
H), 6.81 (1H, s,8-H),4.78 (1H, dd, J = 8.0, 4.0 Hz, 2-
Hb),4.58 (1H, dd, J = 8.0, 4.0 Hz, 2-Ha), 3.41 (1H, dd,
J = 14.0, 10.0Hz, 9-Hb),3.29 (2H, m, 3-H), 2.97 (1H,
dd, J = 14.0, 10.0Hz, 9-Hb), *C NMR (100 MHz,
DMSO-d6): 8:191.5 (C-4), 164.4 (C-7), 163.0 (C-8a),
145.1 (C-4"), 143.6 (C-3"), 129.1 (C-4a), 128.8 (C-5),
119.6 (C-6"), 116.5 (C-2"), 115.5 (C-5'), 113.1 (C-1Y,

110.6 (C-6), 102.2 (C-8), 69.4 (C-2), 46.5 (C-3) and
31.2(C-9). The data were identified by comparison of
its '"H-NMR and *C NMR data reported for this
compound[12].

2.5.3 brazilin (4)

Reddishpale;Rf = 0.50 (40:60, Hexane-Ethyl
acetate);Negative-ion ES-MS m/z (rel. int.%): 285.6
[M+H]" (100)."H NMR (400 MHz, DMSO-d6): &y
9.80 (1H, s, 3-OH), 9.18 (1H, s, 9-OH), 9.15 (1H, s,
10-OH), 7.65 (1H, d, J = 8.4 Hz, 1-H), 7.15 (1H, s, 8-
H), 7.06 (1H, s, 11-H), 6.93 (1H, d, J = 8.4 Hz, 2-H),
6.73 (1H, s, 4-H), 4.36 (1H, s, 12-H), 4.35 (1H, d, J =
11.2 Hz, 6-Ha), 4.08 (1H, d, J = 11.2 Hz, 6-Hb), 3.39
(1H, d, J = 16.0 Hz, 7-Ha), 3.21 (1H, d, J = 16.0 Hz,
7-Hb). *C NMR (100 MHz, DMSO-d6: &¢ 156.5 (C-
4a), 154.1 (C-3), 144.3 (C-10), 144.0 (C-9), 135.6 (C-
11a), 130.9 (C-1), 129.8 (C-7a), 144.4 (C-1a), 112.1
(C-8), 111.7 (C-11), 108.8 (C-2), 102.8 (C-4), 76.4 (C-
6), 69.6 (C-6a) and 49.6 (C-12). The data were
identified by comparison of its *H-NMR and **C NMR
data reported for this compound[13].

2.5.3 3,10-di-O-methylbrazilin (5)

Pale yellow;Rf = 0.65 (75:25, Hexane-Ethyl
acetate);Negative-ion ES-MS m/z (rel. int.%): 297.3
[M+H] (100).*H NMR (400 MHz, DMSO-d6): 5,/6.95
(1H, d, J = 8.0 Hz, 1-H), 6.78 (1H, d, J = 8.0 Hz , 11-
H), 6.67 (1H, d, J = 2.0 Hz, 4-H), 6.55 (1H, dd, J = 2.0
Hz8-H), 6.81 (1H, s, 4-H), 6.73 (1H, d, J = 8.0, 2.0
Hz, 10-H), 6.41(1H, d, J = 8.0, 2.0 Hz, 2-H), 6.39 (1H,
d, J = 2.0 Hz, 8-H), 3.95 (1H, d, J = 11.0 Hz, 6-Hb),
3.74 (1H, d, J = 11.0 Hz, 6-Ha),2.52 (1H, d, J = 16.0
Hz, 7-Ha), 2.51 (1H, d, J = 16.0 Hz, 7-Hb). **C NMR
(100 MHz, DMSO-d6: 8¢ 157.7 (C-4a), 154.8 (C-3),
145.9 (C-9), 144.2 (C-11a), 132.6 (C-1), 127.6 (C-7a),
123.3 (C-11), 113.7 (C-4), 113.3 (C-10), 111.7 (C-6a),
107.8 (C-2), 103.5 (C-8), 77.6 (C-12), 67.5 (C-6), 55.9
(OCHj3), 55.8 (OCHj3) and 39.4 (C-7).

HO o)
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Figurel. Chemical structure of five compounds from
Caesalpinea sappan L




3. Results and Discussion

Phytochemical investigation of an ethanol
extract of CaesalpineasappanLheartwoods led to the
isolation of one new compound named 3,10-di-O-
methylbrazilin  (5) together with four known
compounds, protosappanin A (1), 3-
deoxysappanchalcone (2), 3-deoxysappanone B (3),
and brazilin (4).

The structures of these constituents were
elucidated by spectroscopic techniques including 1D
and 2D NMR and mass spectrometry.

Compound 5was obtained as a pale yellow.
Two splitting patterns of 1,2,4-trisubstituted aromatic
ring were also inferred from the presence of 646.95
(1H, d), 6.41 (1H, dd) and 6.67 (1H, d) and another
one is6.55 (1H, dd), 6.78(1H, d) and 6.39 (1H, d). The
splitting patterns of other proton are likely pattern of
brazilin. The HMBC data form *H NMRshowa
significant signal of methoxy group at 6c 154.8(C-3)
and dc 145.9 (C-9) are adjacent to dc 132.6 (C-1),
8c157.7 (C-4a) and 5c123.3 (C-11), 8¢ 127.6 (C-7a)
respectively. Consequently the structure of 5 was
elucidated to (6aS,11bR)-3,9-dimethoxy-6,6a,7,11b-

tetrahydroindeno[2,1-c]chromen-6a-oland this
compounds has been named3,10-di-O-methylbrazilin.

Table 1: Anti-cancer activity of compounds 1-4 from

Caesalpinea sappan L againt withKB-Oral cavity
cancer and NCI-H187-Small cell lung cancer

Concentration pug/ml

Compounds
KB-Oral NCI-H187
1 11.42 17.00
2 8.60 12.70
3 3.74 9.73
4 5.42 4.20
5 NT NT
Doxorubicin 0.147 0.041

NT = not tested.
4. Conclusions

Chemical investigation of an acetone extract of
Caesalpinea sappan Lheartwoods has resulted in the
separation of one new compound (5) together with
four known compounds.
3-Deoxysappanone B exhibited the highest anticancer
activity against KB-Oral cavity cancerwith 1Csq 3.74
pg/ml whereas brazilin exhibited highest anticancer
activity against NCI-H187-small cell lung cancer with
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Abstract: An efficient synthesis of bis(heteroaryl)alkanes
has been developed via bisarylation of heteroarenes with
aldehydes using less expensive, readily available, and
environmentally friendly iodine catalyst in water under
‘open-flask’ and mild conditions. In the presence of 10
mol% of iodine in water at room temperature affords the
corresponding bis(heteroaryl)alkanes, selectively, in
moderate to excellent yields.

1. Introduction

The synthesis of bis(heteroaryl)alkanes has
attracted considerable attention from organic chemists
and many such compounds have found widespread
applications in synthetic, medicinal, and industrial
chemistry."® Methods for the synthesis of
bis(heteroaryl)alkanes have been developed. The
available  methods for the construction of
bis(heteroaryl)alkanes frameworks are based on the
bisarylation of electron-rich arenes with aldehydes and
their imines™ in the presence of Lewis acids such as
AuCly/AgOTF,™  [Ir(-COD)CI],~SnCl,,**  FeCl,,*
Cu(OTH),/(+)-BI-NAP, % ZnBr,/Si0,,**  PMHS-
B(CeFs)s,t” Yb(OTH)®  Gd(OTH)3," Guanidinium
ionic liquid,®® and FeCl;-6H,0.”* However, most of
methods reported are associated with one or more
disadvantages such as multi-steps process, high
catalyst loading, high temperature, long reaction time
and environmental unfriendliness. Furthermore, the
aldehydes appear to limit to only nonenolizable
aldehydes. The investigate for cheap, environmentally
friendly catalysts, and mild reaction conditions is still
a major challenge.?

During the last decades, molecular iodine has
received significant attention in organic synthesis and
pharmaceutical due to its inexpensive, non toxic and
environmental friendly characteristics.”*?* lodine has a
high tolerance to air as well as moisture and can be
easily removed from the reaction system. Moreover,
the mild Lewis acidity associated with iodine has led
to its use in various organic transformation in catalytic
to stoichiometric amounts.

In continuation of our interest on the use of
molecular iodine for various transformation, %
herein, we wish to report a simple and environmentally
friendly synthesis of bis(heteroaryl)alkanes via
bisarylation of heteroarenes with aldehydes using
iodine as catalyst under “open-flask” and aqueous
conditions at room temperature (Scheme 1).

1, (10 mol%) N X

Rﬂ + R'CHO

X H,0, rt
X=0,S,NH

Scheme 1. Bisarylation of heteroarenes with aldehydes
to produce bis(heteroaryl)alkanes

2. Materials and Methods

2.1 General methods

The high resolution 400 MHz 'H NMR, together
with 100 MHz *C NMR spectra were performed on
Bruker DPX-400 spectrometers at chemistry
department, faculty of science, Burapha university and
all spectra were measured in CDCl; solvent. The IR
spectra were recorded on a Perkin Elmer System 2000
FT-IR. High resolution mass spectra were recorded on
Finnigan MAT 95. Radial chromatography on a
Chromatotron was performe using Merck silica gel 60
PF,s, with CaSO, 1/2 H,O and was activated by
heating in an oven at 80 °C for 45 min. Thin layer
chromatography (TLC) was performed with Merck
silica gel 60 PFys, aluminium plate.

2.2 General procedure for synthesis bis(heteroaryl)-
alkanes

To a water solution (1 mL) of arenes (2 mmol) and
aldehydes (1 mmol) in a test-tube open to air at room
temperature was added molecular iodine as catalyst
(0.1 mmol, 10 mol%). The reaction was stirred until
completion (TLC analysis). The reaction mixture was
quenched with aqueous Na,S,0; (10 mL) and
extracted with CH,Cl, (2 x 10 mL). The combined
organic layer was washed with brine (10 mL), dried
over anhydrous Na,SO,, concentrated and purified by
radial chromatography (hexanes/EtOAc as eluent) to
give 3.

3. Results and Discussions

We first examined the reaction of 2-methylfuran
(1a) with benzaldehyde (2a) using iodine as the
catalyst under open test-tube at room temperature.
Additionally, the reaction was performed in water as a
reaction medium due to its many advantages from
economical, environmental, and safety standpoints.”’
Gratifyingly, treatment of 2-methylfuran (2 equiv)




with benzaldehyde (1 equiv) in the presence of 10 mol
% of iodine in H,O and stirring the reaction for 72 h
afforded the bis(5-methylfur-2-yl)phenylmethane 3a,%
selectively, in good vyields (Scheme 2) and this
conditions was chosen as standard condition for
further studied. As anticipated, no any conversion to
product was obtained in the absence of iodine catalyst
even after 72 h.

O
I, (10 mol%)
Y. H———— A Oy _cH
HsC™ g H,0, rt \ \ 3
(6]

HsC
la 2a 3a (79%)
Scheme 2. Model reaction for the synthesis of
bis(heteroaryl)alkanes

Following the optimization of the reaction
conditions, we examined the bisarylation of 2-
methylfuran with different aldehydes including both
aliphatic and aromatic aldehydes (Table 1). As the
results shown in Table 1, aromatic aldehyde having an
electron-withdrawing substituent on the aromatic ring
(Table 1, entries 2-4) gave the desired products 3b-d in
moderate yields. The reaction of aromatic aldehyde
having an electron donating substituents on the
aromatic ring (entry 5) also reacted smoothly to
provide compound 3e in moderate yield. It should be
noted that under our experimental condition, the
reaction of aliphatic aldehydes were also successful.
The corresponding bis(5-dimethylfur-2-yl)alkanes 3f-h
were obtained in good to excellent yields (entries 6-8).
It could also be concluded that the reaction of aromatic
aldehydes required longer reaction time and gave
lower yields of the products than those of aliphatic
aldehydes.

We next explored the iodine catalyzed bisarylation
of various heteroarenes with either aromatic or
aliphatic aldehydes for the synthesis of the
corresponding  bis(heteroaryl)alkanes. The results
presented in Table 2 show that all the reactions gave
selective  formation  of  bis(heteroaryl)alkane
derivatives. The reaction of 2-ethylfuran with aliphatic
aldehyde, 3-phenylpropanal, gave the desired product
3i in excellent yield (Table 2, entry 3). Remarkably, to
our great satisfaction, under iodine catalysis in water,
even 2-methylthiophene possessing less reactivity
reacted smoothly with both benzaldehyde and 3-
phenylpropanal to give 3j and 3Kk, respectively, in fair
yields (entries 4 and 5), although 5 equivalent of 2-
methylthiophene was required. By lowering the
catalyst loading to 2.5 mol% (entry 6), the reaction of
pyrrole with 4-nitrobenzaldehyde containing electron-
withdrawing groups attached to the benzene ring
(NO,) gave the corresponding bis(pyrrolyl)alkanes 3l

in 60% yields. On the other hand, the reaction of
pyrrole with 3-phenylpropanal gave 3m as the product
in lower yield (entry 7).

Table 1 I,-catalyzed reaction of 2-methylfuran (1a)
with various aldehydes®

-
I, (10 mol%) N o

ne Y+ Reno — = (T )

HsC
la 2 3

Entry RCHO Products  Yield® (%)

1 CsHsCHO 3a 79°

2 4-F-CgH,CHO 3b 45°

3 4-Br-CgH,CHO 3c 53¢

4 4-0,N-C¢H,CHO 3d 31¢

5 4-CH;0-C¢H,CHO  3e 49

6 PhCH,CH,CHO 3f 99

7 (CH3),CHCH,CHO 3g 68

8 (CH5),CHCHO 3h 79

#Reaction conditions: 1a (2 mmol), 2 (1 mmol), I, (10
mol %), water (1 mL), room temperature.

® Isolated yield.

°The reaction was carried out for 72 h.

9 The reaction mixture solidified after stirring for 38 h.

Based on the above experimental results, we
proposed a possible reaction mechanism for this
molecular iodine-catalyzed bisarylation, as shown in
Scheme 3.2% Jnitially, the carbonyl group of the
aldehyde substrate was activated with molecular iodine
which is a mild Lewis acidity to give intermediate I,
and is followed by heteroarenes attack to I to give 1.
Then, dehydration and deiodination of Il afforded
intermediate 111. Finally, addition of the second
molecule of heteroarene to Il gave the
bis(heteroaryl)alkanes IV as the desired product and
molecuar iodine can catalyze the reaction in a catalytic
manner.

4. Conclusions

In conclusion, we have shown that iodine can be
used as an efficient catalyst for the synthesis of
bis(heteroaryl)alkanes via bisarylation  between
heteroarenes with a wide variety of aldehydes in water
under “open-flask” and mild conditions. The reaction
of heteroarenes with aromatic and aliphatic aldehydes
provides the corresponding bis(heteroaryl)alkane
derivatives in moderate to excellent yields. The use of
mild reaction conditions, commercially available as
well as inexpensive catalyst, low catalytic loading,
eco-friendly method and single step synthesis are the
advantages of the present procedure. Further
investigations on the scope and limitations of this
reaction are in progress.




Table 2 1,-catalyzed reaction of various arenes with aliphatic and aromatic aldehydes.?

I, (10 mol%)

p— 1 R'
Ar—H ’ RICHO H,0, rt, air Ar)\Ar
1 2 3
Entry Ar—H R'CHO Time (h)  Products Yield (%)°
H3C
1 I\ o)
o 1 CeHsCHO 72 A Pon, 3a 79
Ph
H3C
7S N
2 @% la  CgHsCH,CH,CHO 24 & o’ CHs 3f 99
Ph
/\ H3CH,C
0~ TCHyCH3 /AN I\ .
3 1b CsHsCH,CH,CHO 5 = o) CHCHz  3j 98
Ph
HsC
S
4 @% 1c  CgHsCHO 48 SP R 3 23
Ph
HsC
B Sl
5 s”ch, 1¢ CeHsCH,CH,CHO 3 S 3k 30
Ph
N\ M\
Z N
H
6 Q 1c  4-O,NC¢H,CHO 4 3l 60°
H
NO,
//NH 1\
7 Q 1c  CeHsCH,CH,CHO 2 N 3m 22
H
Ph

& Reaction conditions: 1a (2 mmol), 2 (1 mmol), I, (10 mol %), water (1 mL), room temperature.
® Isolated yield

¢ Reaction conditions: 1b (5 mmol)

¢ The reaction was carried out at using 1, (2.5 mol%).

Pyl
&S5
—

Py}

| % T
o) Iz o? X=0,S, NH @ ?""2
AL, — AL =X; M
R”H R H
I I
~H,0, - I
=
X \X R X 7
\ % / =X &
R
R v mn

Scheme 3. The possible mechanism for the reaction of heteroarenes with aldehydes.
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Abstract: Due to the potent tumor inhibitory effects
exhibited by the cephalostatins, a family of 19 bis-
steroidal pyrazines (e.g. cephalostatin 1) isolated from
the marine algae Cephalodiscus gilchristi, our research
group has engaged in the chemistry of these compounds
since the mid 1990s. We have developed methods and
devise synthetic strategies to convert the symmetrical bis-
steroidal diketone into some more structurally-related
analogues or to the natural products themselves. These
strategies have been based on convergence, brevity, and
flexibility. In our work, we have focused on the AX?®
bond, the keto group at C-12 and the ketal group at C-22.

Here, we report an unusual gas-free chlorination
method of A*® bond through which the resulted product
underwent selective reduction of the carbonyl group in
the chloro-free part. Furthermore, the resulted products
were dechlorinated to approve the double-functional
protection role played by the chlorine atoms. Also, we
mention here a metallic epoxidation of this double bond
followed by selective reduction of both epoxide and
carbonyl groups. Chemistry of the spiroketal moiety has
also been explored. In this context, selective F-ring
opening at one terminal of certain bis-steroidal system
using catechol-borane complex was performed. However,
the F-ring in the other terminal of the same system was
opened selectively using another borane-complex.

1. Introduction

Cephalostatin 1 1 was first reported in 1988 as a
potent growth inhibitory marine natural product.[1]
The average Gls of 1 against the NCI-60, a collection
of 60 human cancer cell lines, is 1.8 nM. [2] In
addition to other 18 compounds, cephalostatinl was
isolated from the marine worm Cephalodiscus
gilchristi by Pettit's group[1]. It has attracted few
groups either toward the synthesis of analogues with
potential anti-cancer activity as Winterfeldt's group [3]
or toward the total synthesis as Fuchs's and Shair's
groups[4,5]. Fuchs and coworkers reported the first
total synthesis of cephalostatin 1 1 in 1998[4].
However, Shair and his coworkers reported the second
total synthesis in 2010[5].

Cephalostatin1 1

Diketone 2

southern part

Their methods depend on asymmetrical coupling
between the two proper steroids as the last step to
generate the desired final target. Our strategy,
however, bases on desymmetrizing a gram-scaled
symmetrical diketone 2 followed by controlled
interconversion methods [6]. We focused here on
transformations of A**° bond, the keto group at C-12
and the ketal group at C-22.

2. Materials and Methods

We report here an unusual chlorination method of
the A" bond in the symmetrical diketone 2 using the
mild oxidizing agent diacetoxy iodosobenzene in
alkaline methanol/dichloromethane solution at 0 °C
which led to chlorinated derivatives in a statistical
ratio. Moreover, a new epoxidation method of this
double bond using lithium metal in THF is also
reported. Also, we mention here a selective F-ring
opening of certain analogue using different borane
complexes.

3. Results and Discussion

3.1 Novel Chlorination method of 4**° bond

Treating the diketone 2 dissolved in undistilled
dichloromethane with KOH/MeOH solution followed
by addition of diacetoxy iodosobenzene at a relatively
low temperature (0-10 °C), a method used to prepare
11a-methoxy derivative [6], led to a strange less polar
major product. The NMR spectrum of this major
product showed that one of the 15-H protons
disappeared and a new singlet resonating at & 4.65 and
adoublet at 5 4.59 (J = 8.1 Hz) appeared. The signal at
& 4.65 corresponding to 15-H showed no coupling
with the neighboring proton 16-H. However, the main
different features in **C-NMR spectrum of this product
compared to 2 is the appearance of the two carbonyl
carbons at & 210.7 and 209.1, in addition to a highly
deshielded sp-hybride quaternary carbon resonated at
8 90.0 ppm. The mass spectrum shows an increasing
of 71 units compared to the starting material 2.
Concluding the structure was a major task. Many trials
to get this product in a crystalline form failed.
However, we were satisfied to get crystals of the




product resulting from the reduction of our candidate
with NaBH,. The crystallographic analysis of this
product showed very surprising results. It showed that,
two chlorine atoms were added to one A" bonds
giving a trans 14a,15B-dichloro derivative 3 (Scheme
1). Since the only source of chlorine atoms was
dichloromethane, such chlorination reaction can be
rationalized basing on an unusual reaction between the
dichloromethane and diacetoxy iodosobenzene in basic
methanol solution. This reaction was suggested firstly
to be a substitution of chloro groups in the
dichloromethane with methoxy groups leading to the
generation of CI" ions which in turn substitute the
acetate groups in PhI(OAc), leading to the formation
of PhICl,. Even the addition mechanism is not yet
clear, but one may suggest a decomposition of PhICl,
under the reaction conditions to iodobenzene in
addition to Cl, which attacks the double bond to give
compound 3 and 4 in a statistical ratio. Compound 4
failed to undergo Wittig Reaction, oxime formation
and reduction with sodium borohydride. These results
were very useful in devising regioselective
transformations of 3. For example, treatment of 3 with
sodium borohydride led to 5 as a single product in
which only the carbonyl group in the chloro-free half
was reduced. Moreover, we were succeeded to
dechlorinate compound 3 using a refluxed Zinc
powder in HOAc : CH,CI, (1:1) for one hour to get the
starting material in 55 % yield (unmodified yield).
These results were very important, since the two
chloro groups work as a double-functional protecting
group for both the double bond and the neighboring
carbonyl groups. This enabled us to run many
reactions on the unprotected-half. In addition, the
chlorination method itself is a gas-free and
environmental friendly process.

3.2 Metallic Epoxidation of 4™*** bond

Another method which is reported here is a new
epoxidation method of the double bond using lithium
metal. Compound 2 underwent a slow regioselective
epoxidation of the A bond using lithium granules
suspended in absolute THF to give a-epoxy derivative
6 and bis-epoxy derivative 7 in statistical ratio
(Scheme 2). This unusual epoxidation method can be
explained basing on the role played by the traces of
H,0, in THF catalyzed by Li. Treating compound 6
with NaBH, in methanol led to the triol 8 with three
new stereogenic centers. Modification of such
epoxidation reaction is under study.

2
dissolved in CH ,Cl,

KOH/MeOH
PhI(OAC),
0°C--->RT

3 (35%)
+ symmetrical tetrachloride 4 (15%)

+ 2 (40 %)

NaBH, / MeOH
-78 °C

H

5 (85 %)

Scheme 1

2
Li/abs. THF / 48h

6 (30%)

(e] ) .
+ bis - epoxide 7 (15%) + 2 (30 %)

NaBH, / MeOH

Scheme 2

3.3 Selective F-Ring opening

Previously, we have reported selective F-ring
opening of 9, a Wittig-product of 2, using the catechol-
borane complex a to give 10, in which the opening
was from the side of the exocyclic double bond
(northern part) [7]. However, we provide evidences
that by using salicylic acid-borane complex b, the
opening of the same substrate was from the keto-side
(southern part) yielding compound 11 as major
product[8]. This is briefly illustrated in Scheme 3. The
proposed rationalization of this selectivity is based on
complex space-demanded geometry and the donor-
acceptor behavior between the spiroketal and the
complex which is affected by the C-12 functionality.
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(i) 16 eq a, abs THF, 0-7 °C, two weeks. (ii) 10 eq b, abs THF,
0-2 °C, four weeks.
Scheme 3

4. Conclusion

This new chlorination method is of great importance
since it can be used as a double functional protecting
method to both A™' bond and the neighboring
carbonyl group. Also, functionalizing A***° bond with
epoxy group is important because of the biological
importance of highly oxygenated derivative which can
be obtained through this route.

The opening of the terminal F-Ring in 9 is governed
by both the complex geometry and the donor-acceptor
behavior between the spiroketal and the complex
which is affected by the C-12 functionality. The
gained selectivity from the previous transformations
encouraged us to think in the future with certain
strategies toward the synthesis of asymmetric
cephalostatins, for example 1, starting from the
symmetrical diketone 2.
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Abstract: This study was initiated to investigate the
antioxidant activity, tyrosinase inhibitory effect and total
phenolic content of the ethanol and aqueous ethanol (1:1)
extracts from the endocarp of Areca catechu Linn. fruits.
The total phenolic content was determined using a Folin—
Ciocalteu colorimetric method, and antioxidant activity
was measured according to the DPPH radical scavenging
assay using ascorbic acid as a standard. The tyrosinase
inhibitory activity was performed by the dopachrome
method, using kojic acid as a reference compound. The
ethanol extract (613 + 1.79 mg GAE/g extract) showed
higher phenolic content than the aqueous ethanol extract.
The ethanol extract showed interestingly antioxidant
activity with the 1Cg value of 22.87 + 1.25 wxg/mL (a
standard ascorbic acid, 1Cs value of 20.64 + 1.09 pg/mL).
The ethanol extract exhibited strong antityrosinase
activity with the 1Cg, value of 0.04 ug/mL (kojic acid,
1Csy 0.02 mg/mL). It showed better inhibitory activity
than the aqueous ethanol extract. These results suggested
that the endocarp of Areca catechu fruits can potentially
be used as a readily accessible source of natural
antioxidants and tyrosinase protection system of the
human body against oxidative damage and others
complications.

1. Introduction

It has been reported that reactive oxygen radicals will
lead to cellular damage and promote the pathological
progression of atherosclerosis, carcinogenesis and diabetes
[1]. On the other hand, the intake of antioxidant-containing
food has been suggested as a strategy to reduce the incidence
of disease due to oxidative damage and to exert a beneficial
effect on human health [2]. Many bioactive substances found
in plant constituents and crude extracts from fruits and
vegetables have been recognized to possess beneficial effects
against free radicals in biological systems as natural
antioxidants [3]. These useful effects of extracts from fruits
and vegetables can be attributed to many phenolic
compounds with high antioxidant activity [4-7].

Hyper-pigmentation of the skin is a common problem
that is prevalent in middle aged and olderly people. It is
caused by over production of melanin. Tyrosinase, also
known as polyphenol oxidase (PPO), is a copper containing
enzyme [8] and well known to be the key enzyme in melanin
production [9]. Alterations in melanin production might be
responsible for a part of the histopathological features unique
to malignant melanoma [10]. Therefore tyrosinase inhibitors
may be useful for the treatment of skin cancer. Recently
more attention is being paid to the use of natural plant
extracts in the cosmetic industry as tyrosinase inhibitors [6].
Nowadays, motivation of people towards herbs is increasing
due to the concern about the side effects of synthetic
chemical drugs. Manny of herbal and some common

medicinal plants are good sources of antioxidant and
antityrosinase compounds.

Areca catechu Linn., commonly known as betal nut, is a
slender palms from Arecaceae family which widely
distributed in the Southeast Asia [11]. This plant has been
reported to contain alkaloids, tannins, polyphenols, sugar and
lipids [12] demonstrating broad ranges of pharmacological
activities including the antioxidant property of the agro-
industrial fruit waste [13], anti-inflammatory, antioxidant
and antinociceptive properties [11], antifungal [12], anti-
depressant [14] and inhibited monoamine oxidase type A
isolated from the rat brain [15]. In the previous study most
reported for pharmacological activities of fruits pericarp, but
no report on bioactivities from its endocarp. The objective of
this work was to determine the total phenoic contents,
antioxidant and antityrosinase activities when used the
different solvents for preparation of extracts.

2. Materials and Methods

2.1 Chemicals and reagents

The solvents used in the present work were purchased
from Merck (Germany). Folin-Ciocalteu reagent, sodium
carbonate and 1,1-diphenyl-2-picryl-hydrazyl radical (DPPH
radical) were also ordered from Merck (Germany). Gallic
acid, kojic acid and L-DOPA were purchased from Sigma-
Aldrich Chemicals. (Germany) and Mushroom tyrosinase
were purchased from Fluka.

2.2 Plant materials

The endocarp of A. catechu was collected from Nakhon
Sri Thammarat province, Thailand. It was then dried by a hot
air oven at 60°C, and then ground into fine powder with a
blender.

2.3 Sample preparation

The dried powder was separately macerated with ethanol
and 50% ethanol for 3 days at room temperature. The filtrate
was collected through a filter paper and the plant material
was re-soaked for twice. The combined filtrate was
evaporated to dryness under vacuum. The final crude
extracts of fruits endocarp were named as EE (ethanol
extract) and AEE (aqueous ethanol extract). Samples were
kept in the sealed glass vials and stored in a refrigerator prior
to analysis.

2.4 Determination of total phenolic contents

Total phenolics were measured by a modified Follin-
Ciocalteu colorimetric method [16]. Briefly, a 0.5 mL
sample of properly diluted extract was added to a tube
containing 7.5 mL of deionised water followed by adding of
0.2 mL of Folin-Ciocalteu reagent and the tube was stirred
and put it at room temperature. After 10 min, 0.6 mL of
sodium carbonate (10% w/v) was added to the mixture. After




incubation at 40°C for 20 min, the absorbance at 755 nm was
measured and compared to a gallic acid calibration curve.
All experiments were measured in triplicate. The results
were expressed as milligram of gallic acid equivalents
(GAE) per gram extract.

2.5 Determination of DPPH radical scavenging capacity

The DPPH radical scavenging activity of extracts was
analysed by some modified method of Chu [17], using
ascorbic acid as standard. Initially, 0.2 mL of sample
(dissolved in 95% ethanol) was mixed with 4 mL of 0.004%
w/v DPPH in 95% ethanol. The reaction mixture was
incubated at 28°C in a dark room for 30 min. The control
contained all reagents except the extract while 95% ethanol
was used as a blank. The scavenging activity against DPPH
radical was determined by measuring the absorbance at 517
nm with spectrophotometer. All experiments were measured
in triplicate. The inhibition of DPPH radical was calculated
as a percentage of radical scavenging following equation.

% Radical scavenging = [(AcontroI'Asample)/Acontrol] x 100

Where Aol is the absorbance of the control and Agmpie is
the absorbance of the sample or ascorbic acid.

The results were expressed as the concentration of the
extracts or ascorbic acid which scavenged DPPH radicals by
50% (ICsp). The ICs, of extracts and ascorbic acid were also
assayed for comparison.

2.6 Inhibition of tyrosinase activity

The tyrosinase inhibitory activity was performed by the
dopachrome method, using kojic acid as a reference
compound and L-DOPA as a substrate. Briefly, a 50 L of
mushroom tyrosinase solution (50 units/mL), 150 uL of
phosphate buffer pH 6.8 and 50 xL of sample (dissolved in
20% ethanol) were mixed in a micro-well plate. After the
mixture was incubated at 25°C for 10 min, 50 L of 4.25 M
L-DOPA (dissolved in 0.1 M Phosphate buffer, pH 6.8) was
added to the mixture solution. The absorbance at 475 nm
was measured after standing for 20 min with a microplate
reader. Phosphate buffer pH 6.8 and sample was used as a
blank, while phosphate buffer pH 6.8, tyrosinase solution
and 20% ethanol was used as a control. Kojic acid was used
as a standard tyrosinase inhibitor. Percentage of
antityrosinase activity was calculated as following formula.

% Tyrosinase inhibition = [(AcomroI'Asample)/Acontrol] x 100

Where Aol is the absorbance of the control and Agmpie is
the absorbance of the sample or kojic acid.

3. Results and Discussion

3.1 Extraction yield and total phenolic contents

The vyields of crude extracts and the contents of total
phenolics were shown in Table 1. The fruits endocarp
extracts using ethanol and 50% ethanol yielded crude
extracts of 5.23% and 4.83% dry weight, respectively. The
total phenolic concentrations were measured by modifiled
Folin-Ciocalteu colorimetric method. The results found that
the phenolic contents of 613+£1.79 mg GAE were detected
for a gram of the extract EE while AEE has been reported to
show 590+3.25 mg GAE. In general, these results suggested
that the higher levels of phenolic component exhibited better
antioxidant activity. Because phenolic compounds played an
important role as antioxidants due to the presence of

hydroxyl substituents and their aromatic structure which
enable them to scavenge free radicals [17].

Table 1: Extraction yield, total phenolic contents, antioxidant
and antityrosinase activities of EE and AEE

EE AEE
% yield of extracts 5.23 4.83
Total phenolic contents 613+1.79 590+3.25

(mg GAE/g extract)
Antioxidant activity
(ICso, £g/mL)

Antityrosinase activitiy 0.04 0.08

(ICsq, 9/mL)

22.87+1.25 24.34+0.87

ICs, of ascorbic acid and kojic acid = 20.64+1.09 gg/mL and
0.02 zg/mL, respectively

3.2 DPPH radical scavenging effect

In DPPH radical scavenging assay, antioxidants reacted
with DPPH radical (purple colour) producing yellow 1,1-
diphenyl-2-picryl-hydrazine. The degree of discoloration
indicated the radical scavenging activity of the antioxidants
[19]. Table 1 showed the ICsy values of extracts from fruits
endocarp with ascorbic acid as the positive control on the
DPPH radical scavenging activity. It was found that the
extract EE possessed scavenging activity on the DPPH
radical (ICs, 22.87 £ 1.25 pg/mL) higher than the extract
AEE (ICso 24.34 + 0.87 wpg/mL). These extracts showed
interestingly antioxidant activity compared with ascorbic
acid (ICs 20.64 + 1.09 zg/mL). From the results, the active
antioxidant components of A. catechu fruits endocarp are
well extracted both of ethanol and aqueous ethanol.
Antioxidant activity was positively correlated with their
contents of total phenolics.

3.3 Tyrosinase inhibitory activity

Ethanolic and aqueous ethanolic extracts of A. catechu
were tested for tyrosinase activity using dopachrome method
with kojic acid as a reference compound. Results showed
that the 1Cs, values for EE and AEE extracts were 0.04 and
0.08 g/mL, respectively. However, the inhibitory activity of
these extracts was weaker than a reference inhibitor, kojic
acid (1Csp = 0.02 zg/mL)

4, Conclusions

The evaluation of total phenolic contents, antioxidant
and tyrosinase activities of ethanolic and aqueous ethanolic
extracts of A. catechu endocarp were discribed. The
ethanolic extract was found to show antioxidative effect,
antityrosinase inhibitory effect and total phenolic
concentrations better than aqueous ethanolic extract. These
results suggest that A. catechu fruits endocarp extract
exhibited strong antioxidant activity compared with ascorbic
acid. In addition, A. catechu fruits endocarp extract had
significant antityrosinase activity, although, its activity was
lower than kojic acid, reference compound. Interestingly, A.
catechu endocarp extracts may be developed as a natural
source of antioxidants and also has being to apply as a
natural skin-whitening agent in cosmetic products. Further
work on isolation and identification of active compounds and
their efficacy needs to be done.
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Abstract: Autodock was used to dock eugenol into the
cavity of p-cyclodextrin (BCD) and five of its derivatives,
namely Heptakis-2,6-di-O-methyl-§CD (DM BCD),
Heptakis-2,3,6-tri-O-methyl-pCD (TMBCD), 2-O(S)-2-
Hydroxypropyl-CD  (2S-HPBCD) and  6-O(R)-2-
Hydroxypropyl-BCD (6R-HPBCD). The total interaction
energies of the eugenol-BCD inclusion complexes were
optimized using PM3 calculations. The results show that
EG with pCDs formed 1:1 host-guest inclusion complexes.
The models confirm that when eugenol-gCD is formed in
three different conformations with the phenyl ring of
eugenol molecule stays inside the cavity whereas first,
the hydroxyl group lines toward the primary rim and
the methoxyl group lines toward the secondary rim,
second, both hydroxyl group and methoxyl group line
toward the primary rim and third, both hydroxyl group
and methoxyl group line toward the secondary rim of
BCD.

1. Introduction

Eugenol (EG) is a phenolic compound extracted
from clove oil and other essential oils. Eugenol (Fig.
1), a pale yellow liquid with strong aromatic odor of
clove, is widely used as a fragrant and favouring agent.
In addition, EG is antioxidant and anti-microbial
spoilage in foods. However, the major disadvantages of
EG are light sensitivity, volatility and poor water
solubility so it is hard to keep, protect and corporate
well in aqueous solution.

OH

OCH,

7
ICH,

2

CH
3/
HZC"/

Figure 1. Molecular structure of eugenol [2-methoxy-4-
(2-propen-1-yl) phenol]

B-cyclodextrin (BCD) is a cyclic oligosaccharide
connecting 7 glucopyranose subunits via a-1,4 linkage
as shown in the Fig. 2.

Secondary hydroxyl group

M T

Primary hydroxyl group

Figure 2. Schematic representations of glucose unit and
truncated cone shape of BCD

BCD has a shallow truncated cone shape with
secondary hydroxyl group at wider rim and primary
hydroxyl group at narrow rim. It forms hydrophilic
outer surface and a hydrophobic center cavity. BCD is
considered as non-toxic by Food and Drug
Administration (FDA). There are many derivatives of
BCD, the difference is the substituent replacing H atom
of the hydroxyl groups at the position C2, C3 and C6.
The properties of BCDs lead to molecular formation by
encapsulating the hydrophobic guest molecule inside
hydrophobic cavity. There are several derivatives of
BCD considered to be applicable for EG-BCD
encapsulation [1-4]. However, there is no detailed
information about the preferred conformations and the
inclusion complex interactions to elucidate the
comprehensive encapsulation mechanism which is
essential towards the development of an effective
process for complex production in large scale. The
aim of the study was to establish the molecular model
to investigate the behavior and energy of inclusion
complex formation of EG and five BCD derivatives
which are Heptakis-2,6-di-O-methyl-3CD (DMBCD),
Heptakis-2,3,6-tri-O-methyl-BCD (TMBCD), 2-O(S)-2-
Hydroxypropyl-CD  (2S-HPBCD) and 6-O(R)-2-
Hydroxypropyl-BCD (6R-HPBCD).

Molecular docking was used to provide the
probability of different conformations within each
individual complex. A dynamic equilibrium exists
between EG, BCD and the complex, as there are no
covalent bonds established. The interaction energies
depend on how well the host-guest complex fits
together and on specific molecular interactions.




Table 1: Chemical structures of glucose unit of BCDs

Compounds Abbreviation Glucose unit
HO OH
2
B-Cyclodextrin BCD HO— 1 oy
O—_ _oH
[
CHs
Heptakis(2,6-di- o , /OH
O-methyl)-p- 3
cyclodextrin DMBCD HO— *—oH
0 3 0.
5 CH,
CHa
Heptakis (2,3,6- o] . /O—CH3
tri-O-methyl)- B- 3
cyclodextrin TMBCD HO— %OH
0— o
N CH,
HyC
gy »OH
2-0((S)-2-
Hydroxypropyl)- 2S-HPBCD 0 OH

B-cyclodextrin

6-O((R)-2- g

Hydroxypropyl)-  6R-HPBCD Ho— %OH oH
- i o :
B-cyclodextrin 5 O\/R\CH3

2. Method of calculations
2.1 Structure optimization of EG and SCD derivatives

The molecular structure of EG was constructed by
WebLab ViewerPro and optimized at HF/3-21G level
[5] with GAUSSIANO3 program [6]. The crystal
structures of BCD and its five derivatives were
obtained from Cambridge Crystallographic Data
Files(CCDF) with the codes of POBRON [7] for BCD,
BOYFOKO04 [8] for DMBCD, HEZWAK [9] for
TMBCD, KOY'YUS [10] for 2S-HPBCD and LEDROB
[11] for 6R-HPBCD. The differences of OH group
substitution at C2, C3 and C6 are shown in Table
1. To all BCD derivatives, hydrogen atoms were added
and subsequently and fully optimized at PM3 level [13]
by using GAUSSIANO3 program package.

2.2 Molecular docking simulation

The inclusion complexes between each BCD
derivatives and EG were studied with molecular
docking simulations by Autodock 4.2 program [14].
The structure of each host was fixed and let flexible

movement of EG. A grid map of 0.375 A of grid
spacing and grid size of 30 A x 30 A x 30 A to cover
the inclusion complex structure and other parameters
were remain default. A hundred Larmarckian Genetric
Algorithm runs were performed.

2.3 Inclusion complexes optimization

Every conformations of the inclusion complex were
optimized at Semi-empirical PM3 level to obtain the
geometry and energy information of the complex
structure. Among these several conformations of the
inclusion complex found from each BCD derivative,
the lowest binding energy with highest frequency
cluster was selected as representative. Each
representative was then optimized again at HF/2-31G
level in order to have higher accuracy.

2.4 Basis Set Superposition Error correction

Basis Set Superposition Error (BSSE) correction
was performed at DFT, B3LYP/6-31G in order to
eliminate the error that might occur from the different
orientation between monomer and dimer forcefield of
BCD and EG. The binding energy without BSSE
correction is shown in equation (1) and the
counterpoise correction binding energy with BSSE is
shown in equation (2).

AE = Ecomplex - (ECD + EEG) 1)
AE?P = Ecomplex - (EEG/CDCD + EEG/CDEG) (2)

AE is the binding energy of inclusion complex.
Ecompiex 1S €nergy of inclusion complex structure.

E¢p is energy of cyclodextrin in monomer forcefield.
Eg is energy of eugenol in monomer forcefield.

AE“P is the counter poise binding energy of inclusion
complex.

EFG/CP . is energy of cyclodextrin in dimer forcefield.
EFG/CD - is energy of eugenol in dimer forcefield.

3. Results and Discussion

AutoDock 4.2 program was used in order to predict
the preferred orientations of EG molecule to fCD when
bound to each other in inclusion complex formation.
According to the simulations, all BCD molecules are
able to form 1:1 inclusion complex with EG which
could be indicated from the negative values of energy
in the range of -15.90 to -20.88 kJ/mol. Individual
host-guest inclusion complex was investigated to
determine all atomic positions with a hundred of
simulations to ensure all possibilities of EG's
molecular conformation in the inclusion complex.

The results of each host-guest complex could be
clustered in different groups based on the root mean
square deviation in a position of atoms in the inclusion




complex. Molecules in the same cluster must have the
variation in position less than 2 A. Table 2 shows
different clusters of each BCD molecule's
conformations in the complex. Table 2 also shows the
free energy of binding involved in the interaction
between individual BCDs and the EG in the complex
determined by AutoDock simulations. The results
from AutoDock show all possible geometry of
inclusion complex which came up with negative
binding energy telling the attractive force interaction
between EG and CD.

Table 2: Binding energy (kJ/mol) of EG and BCDs
inclusion complexes from molecular docking

Number Lowest mean
Compounds  Cluster in binding binding
cluster energy energy

BCD 1 87 -17.66 -17.07
2 8 -16.28 -16.11

3 5 -15.90 -15.77

DMBCD 1 22 -19.12 -19.00
2 17 -18.95 -18.70

3 32 -18.95 -18.70

4 3 -18.91 -18.66

5 13 -18.62 -18.20

6 5 -18.49 -18.24

7 7 -18.07 -17.82

8 1 -17.78 -17.78

TMBCD 1 93 -20.88 -20.42
2 4 -20.00 -19.79

3 3 -19.71 -19.04

2S-HPBCD 1 23 -20.46 -19.87
2 47 -20.46 -20.17

3 26 -20.04 -19.83

4 2 -19.62 -19.37

5 2 -18.79 -18.70

6R-HPBCD 1 35 -19.75 -19.08
2 10 -19.46 -18.95

3 27 -19.12 -18.70

4 1 -18.91 -18.91

5 23 -18.74 -18.49

6 4 -18.28 -18.07

6S-HPBCD 1 17 -20.29 -20.04
2 9 -20.13 -20.04

3 26 -20.00 -19.75

4 24 -19.71 -19.41

5 22 -19.33 -19.12

6 1 -19.16 -19.16

7 1 -18.49 -18.49

The further analysis of freely motions both of host
and guest molecules has been done by using semi-
empirical PM3 method since in molecular docking
only EG is flexible. After the lowest free energy of
binding conformation of each cluster was selected for
further fully optimization at HF/2-31G and BSSE was
performed, the binding energies of the inclusion

complexes with and without BSSE correction were
calculated and shown in Table 3.

Table 3: Binding energy in kJ/mol for inclusion
complexes at B3LYP/6-31G level

Compounds AE BSSE AE®
BCD -49.86 52.01 2.18
DMBCD -74.19 49.96 -24.23
TMBCD -79.25 65.90 -13.35
2S-HPBCD -148.66 80.67 -67.99
6R-HPBCD -84.63 68.41 -16.19

The order of interaction capacities is 2S-
HPBCD>>6R-HPBCD>TMBCD>DMBCD>>BCD and
the order with BSSE is 2S-HPBCD>>DMBCD>6R-
HPBCD>TMBCD>>BCD. So 2S-HPBCD is the best
derivative for inclusion complex formation with EG
and BCD is the worst whereas the 3 derivatives in the
middle are varied in the range of about 10 kJ.

The substitution of hydroxyl group with methoxyl
group in MBCD and with hydroxypropyl group in
HPBCD help to extend the length of BCD's cavity at the
rims so the derivative structures are better entrapping
EG inside. Some derivatives of MBCD gives better
results than HPBCD and vice versa. For HPBCD, the
substitution at the primary rim (6R-HPBCD) gives
better result than the substitution at the secondary rim
(2S-HPBCD).

The conformation of inclusion complex structures
of EG with each CD derivative are different. Some
derivatives can obligate all part of EG while some
cannot, as shown in Fig. 3-7. BCDs are presented in
surface and EG compound is presented in stick models
(hydrogen atoms are omitted for clarity).

Figure 3. The conformation of EG-BCD

Figure 4. The conformation of EG-DMBCD
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Figure 7. The conformation of EG-6R-HPBCD

Most of the inclusion complex structures indicate
the phenyl group of EG is wrapped in CD cavity with
hydrophobic interaction and leave the allyl group
extend at the rims of the truncated cone. The
interactions, including hydrogen bonds, occur between
the hydroxyl group of C1 of EG and hydroxyl group of
CD, some at primary hydroxyl group while others
occur at secondary hydroxyl group.

4. Conclusions

The study of EG with BCD and its five derivatives
inclusion complex indicate that the possibility of
interation in 1:1 molar ratio and energetically
favorable. By wrapping phenyl group of EG inside CD
cavity and interaction between hydroxyl groups of EG
and CD provide the stability of inclusion complexes.
The major interactions are hydrophobic interaction and
hydrogen bonds. The best derivative for EG-CD
inclusion complex among 5 CD derivatives is 2S-
HPBCD with the binding energy of -16.19 kJ/mol.
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Abstract: The inclusion interactions of a-santalol and -
santalol with B-cyclodextrin  (BCD) have been
investigated by molecular docking and quantum
chemistry calculations. The results show that BCD with
a-santalol and B-santalol formed 1:1 host-guest inclusion
complexes. a-santalol provided only one preferable
conformation while B-santalol provided two possible
inclusion complex formations. The inclusion complex
conformations and their interactions were
comprehensively investigated.

1. Introduction

A major component of sandalwood oil (Santalum
album L., sandalwood) is a-santalol (45-55%) and
another less abundant component is B-santalol (18-
24%), depending on the species and original of the
plantation [1]. Different diastereomers as well as
enantiomers may have different odour notes or even
completely different types of odour. Therefore, the
complete separations of the diastereomers and
enantiomers methods are developed by using
cyclodextrin as chiral selector for GC separation of
volatile optically active components in the essential
oil.

B-Cyclodextrin (BCD) is a non-reducing cyclic
oligosaccharide consisting of 7 a-1,4-linked D-glucose
units. It has a toroid structure with a non-polar
(hydrophobic) cavity and hydrophilic exterior. It can
interact with guest molecules through hydrophobic and
van der Waals interactions which enables it to form
inclusion complexes. BCD is the most accessible with
reasonable price, and generally the most useful among
the group of cyclodextrins.

Several groups reported the use of cyclodextrin
inclusion complex with the components in sandalwood
oil but the inclusion complex compositions were
unidentified. Moreover, there are no report about
preferred conformations and inclusion complex
interactions, which are important to elucidate the
encapsulation mechanism. The purpose of this study is
to establish the molecular models which determine the
possibility of forming inclusion complex of CD with
a-santalol and pB-santalol. The inclusion complex
conformations  and  their interactions  were
comprehensively investigated in order to estimate the
stability within the complexes and elucidate preferable
conformations.

CH3 H3
CHy L _oH CH, \ _oH
CHs CH;
(@) (b)

Figure 1. Chemical structures of (a.) oa-santalol: 5-(2,3-
dimethyltricyclol[2.2.1.0*%]hept-3-yl)-2-methylpent-2-en-1-
ol, and (b.) pB-santalol: (2Z)-2-methyl-5-[2-methyl-3-
methylene-bicyclo[2.2.1]hept-2-yl]pent-2-en-1-ol

secondary hydroxyl group

A
-~ I

primary hyaroxyl group

Figure 2. Chemical structure of BCD side view and top view

2. Method of calculation
2.1 Structure optimization of CD and santalol

The initial molecular structure of BCD was
obtained from Cambridge Crystallographic Data Files
[2] and santalol molecules were obtained from EMBL-
EBI European Bioinformatics Institute [3]. Santalol
molecules were optimized at HF/6-31G level while
BCD was optimized at PM3 level with GAUSSIANO3
program.

2.2 Molecular docking simulation

In order to study the inclusion complex of santalols
with BCD, molecular docking simulation was
investigated using Autodock 4.2 program. In the step
of ligand preparing, Gasteiger charges were added for
santalol molecules. Grid size of 40Ax40Ax40A and a
grid map with 0.375 A of grid space were set for




inclusion complex while other docking parameters
were set as default. A hundred Lamarckian Genetic
Algorithm runs were performed. The models of each
cluster assigned by molecular docking calculations
were further optimized using semi-empirical PM3
method. The optimized conformations of each
inclusion complex cluster were analysed.

3. Results and Discussion

The binding energies of BCD with a-santalol and
B-santalol  obtained from molecular  docking
calculations are shown in Table 1. From 100 running
of BCD/a-santalol inclusion, 7 clusters were found and
the lowest binding energy is -21.80 kJ-mol™ with 30
members. For BCD/B-santalol, 5 clusters were found
and the lowest binding energy is -23.18 kJ-mol™ with
37 members.

Table 1: Molecular docking calculations

Number Energy(kJ-mol™)
Guest of Cluster _Number _—
rotatable in cluster Lowest  Mean
bonds
o- 5 1 30 -21.80  -20.75
santalol 2 40 -21.76 -21.21
3 10 -21.46 -21.17
4 6 -21.46  -20.92
5 4 -21.26  -20.42
6 8 -21.17  -20.67
7 2 -19.50 -19.41
B- 5 1 37 -23.18 -22.18
santalol 2 32 -22.80 -22.26
3 16 -22.47 -21.88
4 4 -21.92 -21.55
5 11 -21.26 -20.88

Table 2: PM3 interaction energy (kJ-mol™)

Inclusion
Guest Cluster Ecomplex AE complex
conformation
1 -6269.21 -58.95 a-santalol-1
2 -6293.10 -82.84 a-santalol-I
3 -6293.10 -82.84 a-santalol-1
a-
santalol 4 -6300.02 -89.76 a-santalol-I
5 -6300.02 -89.76 a-santalol-1
6 -6300.02 -89.76 a-santalol-I
7 -6300.02 -89.76 a-santalol-I
1 -6337.81 -83.22 f-santalol-1
2 -6333.14 -78.55 -santalol-1
- 3 -6344.18 -89.60 B-santalol-11
santalol

4 -6339.19 -84.60 B-santalol-1
5 -6337.81 -83.22 -santalol-1

Egcop = -6080.16 kJ- mol?
E g-santatol = -130.10 kJ-moI'1
Ep-santalol = -174.42 kJ:mol ™

Guest conformations in the complex of each
category were further optimized using PM3
calculations to determine the interaction energies
of the complexes. The interaction energy (AE) of
the inclusion complex was calculated by the
difference between total energy of the inclusion

complex (Ecompiex) and the sum of their individual
components in their optimization energies, as in
the following equation.

AE = Ecomplex - (Eguest + EﬁCD)

The interaction energies of all inclusion complex
conformations are presented in Table 2.

(a.) a-santalol-1

(b.) B-santalol-I

(c.) p-santalol-11
Figure 3. Inclusion complex conformations

The PM3 fully optimized inclusion complex
conformations of PCD/a-santalol show the same
conformation with the interaction energy varies from -
58.95 to -89.76 k] mol™. The BCD/a-santalol complex
conformation was show in Fig. 3(a). The cyclic rings
of a-santalol stay inside the cavity of BCD and the
hydroxyl group of a-santalol is closed to the secondary
hydroxyl rim of BCD.

Two different conformations of BCD/B-santalol
inclusion complexes were found as shown in Fig. 3(b)
and 3(c). p-santalol-1 conformation has the interaction
energy from -78.55 to -84.60 kJ-mol™. The cyclic rings
of B-santalol stay inside the cavity of BCD and the
hydroxyl group of B-santalol is closed to the secondary
hydroxyl rim of BCD. This conformation is similar to
the conformation of a-santalol-1.




The second conformation, B-santalol-11, has the
lowest interaction energy -89.60 kJ.mol™. In this
conformation the cyclic rings of p-santalol molecule
stay inside the BCD cavity the hydroxyl group of
B-santalol is closed to the primary hydroxyl rim of
BCD, as shown in Fig. 3(c).

The binding energies indicated that both santalol
molecules can possibly form 1:1 inclusion complex
with BCD. In addition, binding energy of inclusion
complex depends on the interaction between host and
guest molecules which relate to the structure of host
and guest. Therefore, although the two santalol
structures are isomers, each molecule can form
different structures of inclusion complexes with CD
with different binding energy.

4. Conclusions

Molecular modelling simulations show that two
major components of the essential oil from
sandalwood, a.-santalol and 3-santalol, are able to form
the inclusion complexes with BCD. o-Santalol can
form only single conformation of BCD inclusion
complex while B-santalol could offer two possible
complex conformations with BCD. In general, BCD
usually allows the hydrophobic part of the guest
molecule to enter the cavity which is also
hydrophobic. The results from this work provide better
understanding of the inclusion complex formation
between o-santalol and -santalol with BCD.
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Abstract: Molecular modeling studies were performed
with known crystal structure of HIV-1 reverse
transcriptase (RT) with three different inhibitors in
order to evaluate the predictive abilities of the calculation
models. The crystal structures of HIV-1 RT obtained
from the Protein Data Bank (PDB) and water molecules
were then removed and hydrogen atoms were added.
Autodock 4.2 program was used to dock three inhibitors
into the binding areas of HIV-1 RT. The models with the
lowest energy and highest occurring frequency were
selected to further investigated in details. The result
models show the reliable predictive abilities which can be
used to predict the binding mode and conformation in an
active site of non-available crystallographic structural
data in (PDB).

1. Introduction

HIV-1 is one of the most harmful diseases in the
world. Many drug companies are trying to improve the
anti-HIV-1 drugs since HIV-1 can mutate themselves
which cause resistance to a certain drug [1]. The way
to inhibit the reproduction of HIV-1 is to inhibit at a
certain step of HIV-1 life cycle [2]. Earlier studies
show many combinations of drugs that are used to
treat HIV-1 infected patients [3]. Three inhibitors
chosen in this study are rilpivirine (RPV), tenofovir
(TFO), and emtricitabine (ETV), which are non-
nucleoside reverse transcriptase inhibitor (NNRTI),
nucleotide reverse transcriptase inhibitor (NtRTI), and
nucleoside reverse transcriptase inhibitor (NRTI)
respectively. The combination of the three drugs
inhibits the function of viral enzyme (by NRTI and
NtRTI), polymerase, located on reverse transcriptase
(RT) and also interrupt the structure of RT which helps
in binding of RT to dNTP substrates (by NNRTI) [3-
6]. The molecular modeling is used to obtain the
predictive, possible, and appropriate position that the
three drugs able to bind to the reverse transcriptase
molecule. These molecular modeling approaches are
using to construct the structure of
emtricitabine/rilpivarine/tenofovir in combination with
HIV-1 RT. The constructed model will be the first
predictive structure which can be useful in the future
drug design and development.

2. Materials and Methods
Crystal structures of HIV-1 RT with inhibitors

were obtained from the Protein Data Bank (2ZD1,
2NO6, 1T03, and 1T05). Water molecules were then

removed and hydrogen atoms were added. The
inhibitor molecules were modified (change some part
of crystal structure) and energy minimization by
GAUSSIANO3  program at HF/6-31G  level.
AutoDock4.2 program was used to investigate
inhibitors binding to HIV-1 RT. In this study, we
survey two molecular docking calculations, fixed and
flexible RT. Firstly; the structure of RT was fixed and
let flexible movement of inhibitors. A grid map of
0.375 A of grid spacing and grid size of 60 A x 60 A x
60 A to cover the binding pocket and other parameters
were remain default. A hundred Larmarckian Genetics
Algorithm runs were performed. Secondly; some
amino acid residues of the binding pocket and its
inhibitor are allowed to move freely in flexible
molecular docking. Among several clusters of
complex conformations found from each inhibitors,
the lowest binding energy and highest frequency
cluster was selected as the representative.

3. Results and Discussion

3.1 Binding mode prediction of HIV-1RT/inhibitors by
fixed docking

AutoDock 4.2 program was used in order to predict
the preferred orientations of inhibitor molecule to
HIV-1 RT binding pocket. The NNRTI binding pocket
of rilpivirine (RPV, 2ZD1) composes with amino acid
residues Leul0O, Lys101, Lys103, Vall79, and
Tyrl81. NtRTI binding pocket for tenofovir (TFO)
composes with amino acid residues Asp110, Aspl185,
and Lys219 for TFO (1T03) and Lys65, Arg72,
Aspl10, and Lys219 for TFO (1T05). NRTI binding
pocket for emtricitabine (ETV) composes with amino
acid residues Lys65, Arg72, Aspl10, and Lys219.
According to the simulations, all inhibitor molecules
are able to bind with RT at its binding pocket which
could be indicated from the negative values of energy
in the range of -2.11 to -6.08 kcal/mol (Table 1).
Table 1: Binding energy (kcal/mol) of RT/inhibitor
from fixed molecular docking

Number Lowest mean
Inhibitors of binding binding
clusters energy energy
rilpivirine (RPV) 1 -12.87 -12.8
tenofovir - (TFO-1T03) 16 -4.55 -3.54
tenofovir -(TFO-1T05) 67 -6.08 -3.65
emtricitabine (ETV) 12 -5.26 -4.65




Individual HIV-1 RT/inhibitor was investigated to
determine all atomic positions with a hundred of
simulations to ensure all possibilities of inhibitor
molecular conformation in the binding pocket.

The results of each HIV-1 RT/inhibitor could be

clustered in different groups based on the root mean
square deviation in a position of atoms in the inclusion
complex. Molecules in the same cluster must have the
variation in position less than 2 A, Table 1 shows
different clusters of each inhibitor molecule’'s
conformations in the complex. Table 1 also shows the
free energy of binding involved in the interaction
between individual inhibitor and their binding pocket
determined by fixed molecular docking simulations.
The binding energy for each RT/inhibitor complex is
negative which indicates that the predicted structure is
stable and possible to occur. The selected binding
models of RT/inhibitors are presented in Figure 1-4.

Figure 1. The predictive conformation of RT/RPV

Figure 2. The predictive conformation of RT/TFO
(1T03)

Figure 3. The predictive conformation of RT/TFO
(1TO5)

Figure 4. The predictive conformation of RT/ETV

Figure 1: Superimposed structure of RPV. The black and
pink models represent reference structure from PDB and
predictive structure, respectively.




Figure 2: Superimposed structure of TFO (1T03). The black
and pink models represent reference structure from PDB and
predictive structure, respectively.

Figure 3: Superimposed structure of TFO (1T05). The black
and pink models represent reference structure from PDB and
predictive structure, respectively.

Table 1: Superposition results of predictive models
with PDB x-ray data

Most of the models of RT/RPV and RT/TFO
provide the positive binding energy values which
indicated  unfavorable complexes. Only the
conformations with negative binding energy values are
selected for further detail analyses. Table 5 shows the
RMSD values from superposition of our predictive
models with x-ray structures and the conformations are
shown in Figures 8-10. Flexible docking of RT/ETV
prediction models give the negative binding energy for
all 58 clusters, the values are in the range of -0.02
kcal/mol to-3.62 kcal/mol.

Table 3: Amino acid residues which are allowed to
move in flexible docking

Inhibitors
RPV TFO(1T03) TFO(1T05) ETV
Leul100 Aspl10 Lys65 Lys65
Lys101 Asp185 Arg72 Arg72
Lys103 Lys219 Asp110 Aspl110
Vall79 Lys219 Lys219
Tyrl81

Table 4: Binding energy (kcal/mol) of RT/inhibitor
from flexible molecular docking

Inhibitors Number of Lowest binding
Clusters energy
rilpivirine (RPV) 80 -5.19
Tenofovir TFO (1T03) 28 -1.84
tenofovir TFO (1T05) 82 -2.27
emtricitabine (ETV) 58 -3.62

Table 5: Superposition results of predictive models
from flexible docking with x-ray data

Inhibitors PDB code RMSD (A)
RPV 2ZD1 3.42
TFO(1T03) 1703 2.27
TFO(1T05) 1705 3.10

The structures of the predictive RT/RPV and
RT/TFO conformations are superimposed with the x-
ray structures to check the reliability of the calculation
models. The root mean square deviation (RMSD)
values are shown in Table 2 and the structures are
shown in Figures 5-7. This comparison for ETV does
not perform because the x-ray structure of RT/ETV is
not available.

3.2 Binding mode prediction of HIV-1RT/inhibitors by
flexible docking

Some amino acid residues of the inhibitor binding
pocket and its inhibitor are allowed to move freely in
flexible molecular docking (Table 3). The binding
energies from flexible docking calculations are
presented in Table 4. Flexible molecular docking
calculations given many predictive models as indicate
by their number of clusters.

Binding
Inhibitors Cluster energy RMSD
(kcal/mol)

RPV 1 -5.19 3.56
TFO(1T03) 1 -1.84 131
2 -1.70 2.47

3 -1.45 1.74

4 -1.31 1.70

TFO(1TO05) 1 -2.27 2.07
2 -1.22 3.02

3 -0.85 1.89

4 -0.80 1.63

According to the results from both fixed and
flexible amino acid residues, it is observed that the
amount of possible clusters for fixed amino acid
residues is a lot less than clusters for flexible amino
acid residues because the fixed structures have more
movement limitations than the flexible structures. The
lowest binding energy for each cluster in fixed amino
acid residues is also lower than the lowest binding
energy for flexible amino acid residues. However,
molecular modeling results show possible structure
appear in both conditions and the flexible condition
will give the value more closer to the reality because,




naturally, molecules can move freely to adjust to the
most stable conformation. The RMSD value for each
structure of inhibitor is also acceptable and shows that
the molecular modeling result from the experiment is
reliable when compare to the structure from PDB.

Figure 8: Superimposed structure of RPV. The black and
pink models (flexible docking) represent reference structure
from PDB and predictive structure, respectively.

Figure 9: Superimposed structure of TFO (1T03). The
black, pink, yellow, blue, and red models represent
reference structure from PDB, cluster 1, 2, 3, and 4
from flexible docking respectively.

Figure 4: Superimposed structure of TFO (1T05). The
black, pink, yellow, blue, and red models represent
reference structure from PDB, cluster 1, 2, 3, and 4
from flexible docking respectively.

4. Conclusions

Molecular docking simulations are used to predict
the interaction of three inhibitors, which are RPV,
TFO, and ETV to HIV-1 RT. The representative
models were selected from a hundred conformations
by consider the lowest binding energy with highest
occurring frequency. The results from flexible ligand
and fix protein molecular docking models provide
reliable predictive ability same as flexible ligand and
some side chain of amino acid residues compare to the
experimental data. The result models show the reliable
predictive abilities which can be used to predict the
binding mode and conformation in an active site of
non-available crystallographic structural data in PDB.
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Abstract: In this work, the ADMET prediction and
molecular docking study have been applied for molecular
drug design of thalidomide derivatives as the tubulin-
polymerization inhibitors. The experimental structure of
a,B-tubulin receptor was taken from PDB code 1SAOQ.
Various kind of functional groups have been substituted
to the side chains of ligand template (5HPP-33). For
computational prediction of the activity and toxicity, the
‘ADMET Descriptors were used to evaluate the druglike
properties of new thalidomide analogues. The interaction
energies of a,B-tubulin with each ligand analogue have
been investigated by using the ‘Receptor-Ligand
Interaction’ protocol with CDOCKER algorithm and
CHARMM forcefield in DS2.5 program. The binding
sites and interaction energies of the true drugs (5HPP-33
and 5SHFPP-33) and the thalidomide derivatives with o.,B-
tubulin receptor have been investigated. From the
molecular docking results, it is found that the binding site
1 provided the lowest interaction energy (-42.08 kcal/mol)
between 5HPP-33 and a,B-tubulin, whereas the binding
site 3 provided the lowest interaction energy (-36.47
kcal/mol) between 5SHFPP-33 and a,B-tubulin. From the
present study, it can be predicted that the thalidomide
derivatives, which are possibly reactive as the tubulin-
polymerization inhibitors rather than 5HPP-33 and
5HFPP-33, are the ligands 84 and 87, respectively.

Keywords: ADMET; Molecular docking; Thalidomide
derivatives; Tubulin inhibitors

1. Introduction

According to the structural development studies of
thalidomide analogues based on tubulin poly-
merization-inhibitory activity, the potent inhibiting
agents, such as 5HPP-33 and 5SHFPP-33 were obtained
(Fig. 1), comparable with rhizoxin or colchicines [1,2].
Some reported that 5HPP-33 is not tubulin
polymerization inhibitor [3], but the recently
experimental work concluded that 5HPP-33 exhibits
this activity [2,4]. Experimentally, the crucial work of
new tubulin polymerization inhibitor derived from
thalidomides was implicated for anti-myeloma therapy
[5]. Although the direct binding of novel polymer-
ization inhibitors with a,B-tubulin heterodimer protein
was observed experimentally, however, the binding
site(s) remains unclear.

In the present work, we expected to identify the
binding site(s) of 5HPP-33, and 5HFPP-33, with a,f-
tubulin heterodimer, and to design new thalidomide
derivatives based on 5HPP-33 (parent template), in
order to be the candidates of new potent anticancer
drugs for the microtubule-inhibiting target in

chemotherapy [6-8]. Along with the ADMET
prediction, the molecular docking has been performed
for the receptor-ligand interactions. In conclusion, the
possibly reactive drugs were proposed as the tubulin-
polymerization inhibitors.
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5HPP-33 5HFPP-33
Figure 1. Structure of 5HPP-33 and 5HFPP-33

2. Computational Methods

The molecular docking method has been employed
to construct binding models for a set of structurally
diverse active sites, using o,p-tubulin heterodimer
from PDB code 1SAO0. Discovery Studio program
(Accelrys, San Diego, CA) was used to evaluate the
drug-target interactions. The drug templates (5HPP-33
and 5HFPP-33) were created by Chem Draw7.0 and
different substituents (R;, R,, Rs, R;) were modified to
provide a variety of new modeling thalidomide
derivatives (Table 1). The three-dimensional structures
of all ligands were performed for the energy
minimization via Ligand Minimization protocol, in
DS2.5 program [9].

Computational prediction of the activity and
toxicity of new thalidomide derivatives were taken
into account to evaluate the druglike properties,
including real drugs: 5HPP-33 and 5HFPP-33, by
using the ADMET Descriptors protocol in DS2.5
program. The Absorption, Distribution, Metabolism,
Excretion, and Toxicity (ADMET) were reported.
Only the available ligands with acceptable druglike
properties (see Table 2) were considered to perform
the molecular docking study [10].

In molecular docking simulations, the CDOCKER
protocol with CHARMmM forcefield has been carried
out to evaluate the ligand-receptor interactions
between a,B-tubulin heterodimer (receptor) and ligand
(drug) in 38 binding sites, generated at random (Fig.
2). The docked ligand poses (of the most stable
conformations) with lowest interaction energies were
collected. The interaction energies and mechanisms
were interpreted. Intermolecular hydrogen bonds were
detected. Overlay similarity between each docked
ligand and real drugs (5HPP-33 and 5HFPP-33) was
reported, with 50% steric and 50% electrostatic
contributions.




Table 1. Four different substituents (Ry, R,, Rs, R,) of new modeling thalidomide derivatives based on 5SHPP-33 template.

Ri o
Rz
N
p oo
R, O
Ligand Ry R, Rs Ry Ligand Ry R Rs R4 Ligand Ry Ry R3 Ry Ligand R Ry Rs Ry
1 H H H H 27 COH H H F 53 H CONH, F F 9 F CH,NH, OCH; NH,
2 OCHj; H H H 28 CH(NOH) H H F 54 H CH,OH F F 80 F COOH OCH; F
3 H OCH; H H 29 CH,NH, H H F 55 H COH F F 8l F CONH, OCH; F
4 H H OCH; H 30 COOH H F F 56 H CH(NOH) F F 82 F CH,OH OCH; F
5 H H H OCHj,3 31 CONH, H F F 57 H CH,NH, F F 83 F COH OCH; F
6 H F F F 32  CH,OH H F F 58 H COOH H F 84 F CH(NOH) OCH; F
7 H H F F 33 COH H F F 59 H CONH, H F 85 F CH,NH, OCH; F
8 H H H F 34 CH(NOH) H F F 60 H CH,0H H F 86 NH, COOH F F
9 OCH; F F F 35 CH,NH, H F F 61 H COH H F 87 NH, CONH, F F
10 OCH; F OCH; F 36 H SOO(OH) H H 62 H CH(NOH) H F 8 NH, CH,0H F F
11  OCH; F F OH 37 H POOHNH, H H 63 H CH,NH, H F 89 NH, COH F F
12 COOH H H H 38 H CO(NHCN) H H 64 F COOH H F 90 NH, CH(NOH) F F
13 CONH, H H H 39 H POOHOEt H H 65 F CONH, H F 91 NH, CH;NH, F F
14 CH,OH H H H 40 H COOH H H 6 F CH,OH H F 92 NH, COOH H F
15 COH H H H 41 H CONH, H H 67 F COH H F 93 NH, CONH, H F
16 CH(NOH) H H H 42 H CH,0OH H H 68 F CH(NOH) H F 94 NH, CH,0H H F
17 CH,NH, H H H 43 H COH H H 69 F CH,NH, H F 95 NH, COH H F
18 COOH F F F 4 H CH(NOH) H H 70 F SOO(OH)  OCH; NH, 96 NH, CH(NOH) H F
19 CONH, F F F 45 H CH,NH, H H 71 F POOHNH, OCH; NH, 97 NH, CH);NH, H F
20 CH,OH F F F 46 F COOH F F 72 F CO(NHCN) OCH; NH, 98 F COOH NH, F
21 COH F F F 47 F CONH, F F 73 F POOHOEt OCH; NH, 9 F CONH, NH, F
22 CH(NOH) F F F 48 F CH,OH F F 74 F COOH OCH; NH, 100 F CH,OH NH, F
23 CHy;NH, F F F 49 F COH F F % F CONH, OCH; NH, 101 F COH NH, F
24 COOH H H F 50 F CH(NOH) F F 7% F CH,0OH OCH; NH, 102 F CH(NOH) NH, F
25 CONH, H H F 51 F CH,NH, F F 7 F COH OCH; NH, 103 F CH,NH, NH, F
26 CH,OH H H F 52 H COOH F F 7 F CH(NOH)  OCH; NH,

Figure 2. (a) all possibly generated 38-binding sites
(spheres) in a,p-tubulin heterodimer.

3. Results and Discussion

3.1 ADMET Prediction for Available Ligands of
Modeling Thalidomide Derivatives

The ADMET prediction was used to evaluate the
important physicochemical properties of new 103
ligands (modeling thalidomide derivatives), including
the drugs 5HPP-33 and 5HFPP-33 have been accepted.
Only 8 ligands, which possess the druglike properties,
have been acceptable by considering the druglikeness
criteria, previously described in details [10]. The most
important criteria is that the toxicity must not be
greater than 0.5. The values of predicted
physicochemical properties of 8 available ligands: 84,
23, 25, 90, 85, 87, 10 and 22, are listed in Table 3.
These ligands will be considered to perform the
molecular docking study.

Table 2. The criteria of druglikeness considered in this
work [9].

Value Description

Tox_P <0.5 unlikely to cause dose-dependent liver injuries
CYP_P <05 unlikely to inhibit Cyp2D6 enzyme

0 < BBB <3 inside 99% confidence ellipse)

0 <PPB <2 acceptable plasma protein binding)

0 < Abs <2 acceptable human intestinal absorption

1 < Sol <4 acceptable aqueous solubility

Table 3. The available ligands with acceptable
druglike properties by ADMET prediction.

Ligand Tox_P CYP_P BBB Abs Sol PPB AlogP PSA

84 0.46 0.33 1 0 1 2 524 67.70
23 0.46 0.32 0 1 1 2 582 55.30
25 0.48 0.33 1 0 1 2 517 64.50
90 0.48 031 2 0 1 1 451 8530
85 0.49 0.33 1 0 1 2 560 64.20
87 0.49 0.33 1 0 1 1 495 7340
10 0.50 0.33 0 1 1 2 6.05 46.90
22 0.50 0.33 1 0 1 2 546 58.80
5HPP-33 0.85 0.48 1 0 1 2 520 58.77
5HFPP-33  0.50 0.28 1 1 1 2 582 5877

Note: Tox_P (Hepatotoxicity Propability); Ein (Interaction Energy,
in kcal/mol); O.S. (Overlay similarity); H (Number of H-bond);
BBB (Blood-Brain Barrier Level); Abs (Human Intestinal
Absorption Level); Sol (Aqueous Solubility Level); CYP_P
(CYP2D6 Binding Probability); PPB (Plasma Protein Binding
Level); AlogP (AlogP98); PSA (Polar Surface Area)




3.2 Molecular Docking Study of a,p-Tubulin with
5HPP-33, 5SHFPP-33, and Thalidomide Derivatives

The interactions between a,p-tubulin heterodimer
(receptor) and individual ligand in 38 binding sites
have been simulated. The molecular docking results
showed that 5SHPP-33 is attracted in binding sites 1, 2,
3,12, 13,19 and 20 (Fig. 3); 5HFPP-33 insites 1, 2, 3
and 13; other ligands in only sites 1, 2 and 3.
Explicitly, the binding sites 1 and 3 provide the lowest
interaction energies between receptor and drugs. In ref.
2, the SPR experiments observed direct interaction of
5HPP-33 with a,B-tubulin heterodimer, but no binding
competition was observed. In this study, it is indicated
that the preferable binding sites of 5SHPP-33 with o, 3-
tubulin is located nearby colchicines-binding site.

From the calculated results, the binding site 1
provided the lowest interaction energy (-42.08
kcal/mol) between a,B-tubulin and 5HPP-33, whereas
the binding site 3 provided the lowest interaction
energy (-36.47 kcal/mol) between o,fB-tubulin and
5HFPP-33. The calculated interaction energies for the
docked ligands are within a range between -52.20 and
-37.63 kcal/mol in binding site 1 (Table 4); and
between -44.33 and -37.97 kcal/mol in binding site 3
(Table 5).

a-chain

site 12

/ — site 2

B-chain

site 19

site 13
Pl \ site 1

site 20 site 3

Figure 3. Binding sites 1, 2, 3, 12, 13, 19 and 20.

(@)

(b)
Figure 4. (a) Ligands 22, 23, 84, 85, 87 and 90 located in
binding site 1, as 5HPP-33 (yellow). (b) Ligands 10 and 25
located in binding site 3, as SHFPP-33 (yellow).

Table 4. The receptor-ligand interaction energies
(kcal/mol) and hydrogen bonding in binding site 1,
compared with 5SHPP-33 and 5SHFPP-33.

Ligand Eint H-bond
84 -5220  CH30-HN:Glyo144, 2F-HN:Lysp254,
CH,0OH-OP:GTPa600

87 -50.99 HoN-HN:Lysp254, H,N-HN:Lys$254,
NH-OP:GTPa600, NH-O=P.GTPa600

85 -4557  CH30-HN:Lysp254, CH;O-HN:Lysp254

90 -43.77  CHs;0O-HN:Lysp254, CH;0-HN:Lysp254

23 -42.00  HC=0-HN:Lys3254

22 -40.74  HO-HN:Lysp254

10 -37.66 2F-HN:Tyra224, 2C=0-HO: Tyra224

25 -37.63  2F-HN:Tyra224

5HPP-33  -42.08  HO-HN:Asnp249, HO-HN:LysB254,
HO-HN:Lysp254, OH-O=P:GTPu600

5HFPP-33  -35.90 2F-HN:Tyra224, 2C=0-HO:Tyra224

The docked ligands: 22, 23, 84, 85, 87 and 90, are
locating in binding site 1, as the same as 5HPP-33,
whereas ligands 10 and 25 are in binding site 3, as
5HFPP-33 (Fig. 4). The receptor-ligand interaction
energies (E;j) and the intermolecular hydrogen
bonding (H-bond) between amino acid residue(s) and
docked ligand are reported in Tables 4 and 5. It is
found that ligands 84 and 87, respectively, are the
significantly lowest-energy conformations in binding
site 1, with respect to 5SHPP-33. Although in binding
site 3, ligands 84 and 87 are still the significantly
lowest-energy conformations, compared to 5HPP-33
and 5HFPP-33. Hence, the binding site 1 (in o,p-
tubulin heterodimer) is supposed to be preferable
location for ligands 84 and 87.

Table 5. The receptor-ligand interaction energies
(kcal/mol) and hydrogen bonding in binding site 3,
compared with 5SHPP-33 and 5HFPP-33.

Ligand Eint H-bond

84 -44.33 2F-HO:Thra 73, CH;0-HN:Argp2,
CH30-HN:Argp2, 1C=0-HN:AsnB50,
CH,0OH-0O=C:Ala3250

87 -42.59 H>N-HN:Argp2, H.N-HN:Argp2,
NH-O=C:AlaB250

85 -42.04 2F-HN:Thra73, CH=0O-HN:ArgB2,
1F-HN:ArgB2

90 -4156  1C=0-HO:Thra73, HO-HN:Argp2,
1F-HN:ArgB2, OH-O=C:Aspp251,
NH-OH:Thra73

25 -38.92  C=0-HO:Thra73, NH-O=C:Aspf251

22 -38.89 HO-HN:Argp2, OH-O=C:Ala3250

23 -38.38  C=0-HO:Thra73, HC=0O-HN:Asn350

10 -37.97 2C=0-HN:Argp48

5HPP-33  -35.39
5HFPP-33  -36.47

2C=0-HN:Thro73, OH-OH:Aspf251
2C=0-HN:Thra73, OH-O=C:Glup47




Table 6. Overlay similarity values of docked ligands to
5HPP-33 and 5HFPP-33, in binding sites 1 and 3.

. : 0.S.to 0.S. 10
Stte  tgand  oppgg  sHFPP-33

1 10 0.69 0.95
22 0.69 0.93
23 0.64 0.91
25 0.73 0.93
84 0.76 0.84
85 0.72 0.87
87 0.77 0.83
90 0.79 0.91

3 10 0.74 0.93
22 0.73 0.94
23 0.78 0.94
25 0.76 0.95
84 0.79 0.87
85 0.79 0.90
87 0.79 0.88
90 0.81 0.88

The results indicated that, in binding site 1, 5HPP-
33 provides three H-bonds to Asnp249, Lysp254 and
GTPa600; ligand 84 forms H-bond to Glyal44,
Lysp254 and GTPa600; ligand 87 forms H-bond to
Lysp254 and GTPa600. In binding site 3, 5-HFPP-33
provides two H-bonds to Thra73 and Glup47; ligand
84 forms H-bond to Thra73, Argp2, Asnp50 and
AlapB250; ligand 87 forms H-bond to Argp2 and
Alap250. However, the number of intermolecular H-
bond is not relatively proportional to the strength of
receptor-ligand interaction [9-11].

Overlay similarity (O.S.) between docked ligand
and 5HPP-33 (or 5-HFPP-33) are represented in Table
6. In binding site 1 and 3, the O.S. values for the
docked ligands with respect to docked 5HPP-33 are
0.64-0.79 and 0.73-0.81, respectively, and to docked
5HFPP-33 are 0.83-0.95 and 0.87-0.95, respectively.
The orientations of ligands 84 and 87 are in good
agreement with 5HPP-33 and 5HFPP-33 (> 75% and
80%, respectively).

4. Conclusions

The molecular docking study suggested that the
lowest interaction energy between o,B-tubulin and
5HPP-33 is at binding site 1, whereas 5SHFPP-33 is at
binding site 3 (Fig. 4). According to the druglike and
energetic properties, the present study can predict for
two of the tubulin-inhibiting agents, which are ligands
84 and 87, as illustrated in Fig. 5. Theoretically, these
new thalidomide analogues provide significantly less
toxicity and higher stability comparable with 5SHPP-33
in binding site 1, and with 5HFPP-33 in binding site 3.

F o O NH, o
Ho~NA’, i jéN HZNJL‘ : ;(N
o F
| F (0] E (6]
ligand 84 ligand 87
Figure 5. Structures of ligands 84 and 87, the new

predicted thalidomide derivatives based on tubulin
polymerization-inhibitory activity.
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Abstract: The feasibility of employing clam shell powder to
remove the Cd?* ion from aqueous solution was investigated.
Parameters that influence the adsorption process such as
adsorbent dose, contact time and temperature were studied in
batch experiments. By using the treated clam shell powder,
the experimental equilibrium adsorption data fitted well to
the Langmuir isotherm model. The maximum monolayer
adsorption capacity was found to be 10.57 mg g™ at 303 K.
The results reveal that clam shell powder is a biosorbent for
removing cadmium ion from aqueous solution and a low cost
material that shows potential application in wastewater
technology for remediation of heavy metal.

1. Introduction

Both cadmium and soluble cadmium salts
are poisonous and deleterious to human beings
and animals. The half life of cadmium lasts 20-40
years in body [1] and can harm body’'s immune
system and reproductive system [2]. Several
processing techniques are available to reduce the
concentrations of heavy metals in wastewater,
including  precipitation, flotation, ion-exchange,
solvent extraction, adsorption, membrane process and
electrolytic methods [3].

Adsorption onto activated carbon is a well-known
method for removing toxic metal ions, but the high
cost of activated carbon restricts its use in developing
countries, with small factories in particular often being
unable to support expensive wastewater treatment
methods. Therefore, numerous approaches have been
studied for the development of low cost adsorbents.

Biosorption, the uptake of heavy metals by
biomaterials, can be both highly efficient and
cost effective. A low cost biosorbent is defined as
one which is abundant in nature [4]. Clams abound on
the East Coast of Thailand and it is difficult to treat
and dispose of a huge amount of waste clam shells.
Another potential approach is the use of waste clam
shell as the adsorbent. The aim of this study is to
evaluate the possibility of utilizing clam shell powder
as a cheap adsorbent for removal of cadmium (II) ion
from aqueous solution. The adsorption isotherm of
cadmium (1) ion was also elucidated.

2. Materials and Methods

2.1 Preparation of Adsorbent

First step, pretreated clam shells by cleansing with
deionized water twice to remove sand, dirt and any
particles. Second step, removed proteins in shells

with 2 M KOH until it became white and then heated it
in oven at 100°C until it was dried. The raw adsorbent
was then crushed and sieved to yield particle size in
the range of < 450 um before scouring with 30% H,0,
and washings with deionized water until the washings
were of approximately pH 7 and dried in the oven at
100°C.

2.2 Adsorption Procedure

The adsorption studies of cadmium (I1) ion were
done using batch experiments. In each adsorption
experiment, 0.1000, 0.2005, 0.3003 and 0.4004 g of
clam shell powder was mixed with a 50 mL
of aqueous cadmium (1) ion solution of concentration
50 mg/L in a 250 mL Erlenmeyer flask. The test
solution was shaken at 150 rpm on the shaker bath,
which was controlled at 30-45 ‘C. After shaking for a
predetermined time interval, the adsorbent was
removed by centrifugation and the residual cadmium
(1) ion in the clear supernatant solution was
determined by Atomic Absorption Spectrophotometer
(AAS) at the wavelength 228.80 nanometer. The
adsorption capacity of clam shell powder was
calculated and presented in terms of percentage of
cadmium (II) ion removal (% removal), which
represented as the ratio between the amount of
cadmium (11) ion adsorbed onto clam shell powder and
the starting amount of cadmium (Il) ion. Each
experiment was made in triplicate.

3. Results and Discussion

3.1 Effect of Contact Time

Figure 1. shows the effect of contact time on
the adsorption of cadmium (Il) ion onto clam shell
powder at the cadmium (Il) ion concentrations of 50
mg/L. The curves were single, smooth and continuous,
which indicated the monolayer formation of cadmium
(1) ion adsorbed onto the outer clam shell powder
surface. As seen in Figure 1., the adsorption of
cadmium (I1) ion occurred rapidly in the first time
duration of the experiments, but it gradually decreased
with time until it reached saturation. The rapid
adsorption at the initial contact time resulted from the
abundant availability of the highly negatively charged
active sites on clam shell powder for adsorption of
cadmium (Il) ion in the solution, leading rapid
attachment of cadmium (I1) ion to the surface of the




adsorbent. Later slow rate is probably due to the
electrostatic repulsion between the adsorbed positively
charged adsorbate species onto the surface of clam
shell powder and the available cationic adsorbate
species in the solution as well as the slow pore
diffusion of the adsorbate ions into the bulk of the
adsorbent. Furthermore, the presence of less available
adsorption sites of clam shell powder may cause the
slow rate of cadmium (1) ion adsorption.

Figure 1. Effect of contact time on adsorption
of cadmium (Il) ion onto clam shell powder
(conditions: adsorbent dose: m=0.1000, «=0.2005,
4= 0.3003 and e = 0.4004 g, temperature: 30°C,
agitation speed: 150 rpm).

3.2 Effect of Adsorbent Dosage

The effect of clam shell powder dosage on the
cadmium (Il) ion adsorption capacity is shown in
Figure 2. As seen in Figure 2, the efficiency of clam
shell powder removal was increased with increasing
the adsorbent dosage. At the initial cadmium (1) ion
concentration of 50 mg/L, the percent removal of
cadmium (I1) ion were 43.11%, 92.61%, 95.73% and
98.85% for clam shell powder dosage of 0.1000 g,
0.2005 g, 0.3003 g and 0.4004 g, respectively.

Figure2. Effect of clam shell powder dosage on
adsorption of cadmium (I1) ion onto clam shell powder
(conditions: adsorbent dose: 0.1000, 0.2005, 0.3003
and 0.4004 g, temperature: 30°C, agitation speed: 150

rpm).

3.3 Adsorption Isotherms

Adsorption isotherm is the relationship between
concentration and adsorption capacity at each specific
temperature. In this study, the Langmuir and

Freundlich isotherm models were used to describe the
isotherms of the adsorption of cadmium (1) ion onto
clam shell powder [5,6]. The Langmuir equation can
be written as follows:

Celge = (1/0Q°) + (C/Q°)

where C. is the equilibrium concentration of
cadmium(ll) ion (mgL ), ge is the amount cadmium
(I1) ion adsorbed onto adsorbent at equilibrium
(mgg ™), Q° is maximum amount of cadmium (I1) ion
adsorbed onto adsorbent (mgg™?) and b is the
Langmuir constants (Lmg™). Q° and b can be
determined from the slope and intercept of the linear
plot in Figure 3. The correlation coefficient (R?), Q°
and b are tabulated in Table 1.

Figure 3. The Langmuir plot of the adsorption of
cadmium (1) ion onto clam shell powder (conditions:
adsorbent dose: 0.1000, 0.2005, 0.3003 and 0.4004 g,
contact time:120 min, temperature: 30°C, agitation
speed: 150 rpm).

The Freundlich equation is given as follows:
logqe = logKr +(1/n)logC,

where ¢, is the amount adsorbed of cadmium (I1)
ion adsorbed onto adsorbent at equilibrium (mgg %),
Ce is the equilibrium concentration of cadmium (I1)
ion (mgL ™), and K is the Freundlich constants(mgg )
and 1/n is an empirical constant. K and 1/n can be
obtained from intercept and the slope of the linear plot
in Figure 4. The correlation coefficients (R%), Kg and
1/n are tabulated in Table 1.

Figure4. The Freundlich plot of the adsorption of
cadmium (1) ion onto clam shell powder (conditions:
adsorbent dose: 0.1000, 0.2005, 0.3003 and 0.4004 g,
contact time: 120 min, temperature: 30 ‘'C, agitation
speed: 150 rpm).




From the values of correlation coefficients
(R for Langmuir and Freundlich adsorption
isotherms (Tablel), the cadmium (Il) ion adsorption
onto clam shell powder could be better described
by Langmuir isotherm than Freundlich isotherm.
Therefore, it could imply that the adsorption process of
cadmium (I1) ion by clam shell powder probably took
place on the homogeneous adsorption surfaces under
the experimental condition.

Table 1. Linearised isotherm parameters for the
Langmuir and Freundlich plots of the adsorption of
cadmium (11) ion onto clam shell powder at 30-45 C

Langmuir Isotherm
(TC) Q B

Freundlich Isotherm

K R?
(mg/g)  (L/mg) (mg/g™)
30 1057 500 09989 744 743  0.6039
35 2347 121 09994 1036 267  0.9501
45 3412 135 09925 752 203  0.6907

4. Conclusion

The results of this study showed that clam
shell powder can be effectively used as an efficient
and inexpensive adsorbent for removal of cadmium
(1) ion from aqueous solutions. The experimental data
obtained from batch adsorption studies indicated
that the adsorption capacity were a function
of contact time, adsorbent dose and temperature.
The percent removal was found to depend on
the dose of adsorbent, contact time and temperature.
The maximum adsorption of cadmium (1) ion was
found for the adsorbent dosage of 0.4004 g. The
experimental equilibrium adsorption data could be
well fitted with the Langmuir isotherm model.
Maximum monolayer adsorption capacity, Q°
obtained from the Langmuir plot was 10.57 mg/g at
30°C. The used adsorbent can be regenerated and
reused by hydrochloric acid treatment.
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Abstract: We applied the theoretical approach to
investigate the properties of thiosulfate (S,05>) anion,
which its compounds have been widely used in a variety
of industrial applications especially in agriculture and
ore mine even in the photographic process and the
synthesis of nanoparticles. Almost publication studies
have been focused on the uses and applications of the
thiosulfate. However, there is no research studying about
the dynamical properties of thiosulfate anion in water as
the solvent by the simulation. In this work; therefore, we
studied the fundamental data of this anion. The ab initio
guantum mechanical charge field molecular dynamics
(QMCF MD) formalism was applied to simulate the
system model of the thiosulfate anion in an aqueous
solution to study the behavior and the interaction
between thiosulfate and water molecules in the pre-
equilibrium step at 298 K for 10 ps. This system consisted
of one thiosulfate anion and 495 water molecules in a
cubic box of 24.68 A. We divided the pre-equilibrium
steps into 2 periods and compared the results between
the first 2-6 ps and last 6-10 ps. The dynamical
movement data of all atoms in the system were collected
during the simulation. Then, we used the data to analyze
and predict the structural and dynamical properties of
thiosulfate and its hydration shell in the form of RDF,
CND and their molecular manner. The real movement of
the water molecules in the hydration shell was presented
via three-dimensional alignment.

1. Introduction

Thiosulfate (S,05%) compounds have a number of
applied uses in a variety of industries. They are used
for gold leaching in ore mine industries [1-4], binding
silver atoms on film or paper in photographic process
[5], even studies in silver deposition [6] and silver
electro-crystallization  [7,8] by electrochemical
reduction and synthesis of silver nanoparticles by
shape transformation [9], particularly using as many
kinds of fertilizers for agriculture [10-13].

Almost studies are about the usages and
applications of the thiosulfate, but no attempt has been
studied the dynamical properties of thiosulfate anion in
aqueous solution by the computational simulation. In
this work; therefore, we applied the ab initio quantum
mechanical charge field molecular dynamics (QMCF
MD) formalism to simulate the system model of the
thiosulfate anion in water as solvent to study the
behavior and the interaction between thiosulfate and
water molecules in the pre-equilibrium steps.

2. Methods

We applied the ab initio quantum mechanical
charge field molecular dynamics (QMCF MD)
formalism [14,15], investigating the structural and
dynamical properties of solute and the hydration shell.
This method extends the solvent layer beyond the first
hydration shell of the solute by QM to avoid the
construction of potential functions between the solute
and water molecules in bulk solution [16-19]. One of
the advantages of the QMCF MD method is the
inclusion of the point charges of the atoms in the MM
region with their changing positions in core
Hamiltonian. On the other hand, the Coulombic
interactions between the Mulliken charges on the
atoms within the QM region and the point charges of
water molecules according to the water model are
evaluated providing electrostatic forces described by a
dynamically field of point charges, which vary
according to the movements of atoms inside the QM
region and water molecules in the MM region during
the simulation. The QMCF MD method allows the
migration of water molecules between the QM and
MM region by including a smoothing function [20],

1 forr <rg,

(rozff - rz)z(rozff +2r? —3r02n)

(foit ~Ton)

0 forr > ry

where r is the distance of a given solvent molecule
from the center of the simulation box, ry is the radius
of the QM region, and ro, is the inner border of the
smoothing region. This function is applied to all atoms
of molecules located in smoothing region to ensure a
continuous transition and change of forces for these
molecules according to

smooth — —~MM layer MM
BT = B (R R xS(n)

layer

S(r) =

forry, <r<ry

where F;™" is the force acting on a particle j located in
the (outer QM) smoothing zone and F* is the force
acting on a particle j in the MM region.

The thiosulfate solution system model consisted of
one thiosulfate anion and 495 water molecules in a
cubic box of 24.68 A with the periodic boundary
condition, with the density of the simulation box of
0.997 g-cm™ as the experimental value of pure water at
298 K. The simulation was performed in the NVT
ensemble using a general predictor-corrector algorithm
with a time step of 0.2 fs. The system temperature was




maintained at 298.16 K by the Berendsen temperature-
scaling algorithm [21] with a relaxation time of 100 fs.
The QM radius was set as 6.0 A larger than the size of
thiosulfate about 5 A to surround covering thiosulfate
and also hydration shell. The QM subregions, namely,
the core and layer zone extended to 3.5 and 6.0 A,
respectively. The average number of water molecules
located within the QM region during the simulation
period is 23.1 and 24.0 molecules for the first 2-6 ps
and last 6-10 ps, respectively. The QM calculation was
performed by means of the Hartree-Fock method with
the Dunning double-C plus polarization [22, 23] basis
sets for hydrogen, sulfur, and oxygen atoms in the QM
region. The thickness of the smoothing region was
chosen as 0.2 A with the values of ro, and r as 5.8
and 6.0 A, respectively. We applied the flexible BJH-
CF2 selected water model [24,25] to calculate the
interactions between pairs of water in the MM region.
This water model supports the fully flexible molecular
geometries of water molecules transiting between the
QM and MM region. In addition, the reaction field
method combined with the shifted-force potential
technique was applied to account for long-range
electrostatic potentials and forces, with a spherical
cutoff limit of 12.350 A.

In this work, the system was equilibrated with the
QMCF MD method for 50,000 steps (10 ps). The
dynamical movement data of all atoms in the system
were collected during the simulation. We divided the
data of the pre-equilibrium steps into 2 periods: the
first 2-6 ps and last 6-10 ps in order to compare the
results to figure out if there is a difference between
non-equilibrium and nearly equilibrium by analyzing
and predicting the structural and dynamical properties
of thiosulfate and its hydration shell in the form of
RDF, CND and their molecular manner. The
movement of the water molecules in the hydration
shell was presented via three-dimensional alignment.

3. Results and Discussion

3.1 Radial Distribution Function (RDF)

The interactions of water molecules and four
coordinating sites: sulfur (S(2), Ss) and oxygen (O(3)-
0(5), Og) cause the hydration shell covering around
this solute molecule. The fundamental data from each
site, we can first evaluate the atomic RDFs from the
QMCF MD result as shown in Figure 1 and the
molecular RDFs shown in Figure 2. Although the
atomic RDFs of the sulfur atom differ from those of
oxygen atoms, the atomic RDFs of the sulfur atom for
both periods are similar. The peaks are weak and
broad, so hydration shells for sulfur site are unclear.
On the other hand, other atomic RDFs of oxygen
atoms and molecular RDFs for both periods represent
similar interaction with the water molecules. The
peaks are strong and clear representing the hydration
shells. The molecular RDFs are similar to the atomic
RDFs of oxygen atoms, showing that the water
molecules prefer to interact with oxygen more than
sulfur atom.

B (a)2-6ps

gsmf-wam(r)
(=]

r[A

Figure 1. The atomic RDF plc[Jt; of site-water for (a) 2-
6 ps and (b) 6-10 ps period; solid and dashed lines
refer to the RDFs for the O and H atoms of water,
respectively; black solid (Os--O,) and red dashed
(Os---Hy,) lines refer to the RDFs of O atoms of solute,
blue solid (Ss:+-Oy,) and green dashed (Ss-+-Hy,) lines
refer to the RDFs of S atom of solute.
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r[A]
Figure 2. The molecular RDF plots of surface-water
for (a) 2-6 ps and (b) 6-10 ps period; black solid
(surface---O,,) and red dashed (surface---H,,) lines refer
to the RDFs for the O and H atoms of water,
respectively.

The list in Table 1 presents the distances from each
coordinating site obtained from the (site)---Oyqer and
(site)---Hyater (from atomic RDFs) for the first peak and
its boundary of the hydration shell (maximum and
minimum of g.g(r), respectively), while surface was
obtained by the distance from the surface of solute
molecule (from molecular RDFs) calculated by the
combination of all atomic hydration spheres [26]. The
distances of both maximum and minimum for each
Os+-Owaer  are obviously longer than Og--Hyuater
indicating that the orientation of water molecules
points Hy.e to the coordinating site via hydrogen




bonding. However, the atomic RDFs of S---water
differ from Og---water owing to different atoms. The
distances for Ss---water both maximum and minimum,
and Sg-+-Oyater aNd Sg-+-Hyaeer are longer than those of
Os---water. From the Figure 1, the minimum of the
hydration shells is above the baseline representing the
exchanges of water ligand between in the hydration
shell and bulk.

3.2 Coordination Number Distribution (CND)

The CND shows the diffusion of the amount of
water coordinating with the solute. To evaluate the
atomic CNDs for each site and molecular CNDs as
shown in Figure 3, the distances for the minimum of
each (site):--Oyaer from atomic RDFs, the hydration
shell borders, were employed to define the edge for
counting the number of water molecules within the
hydration shell as radius from each site. The

coordination number relates to the total number of
water molecules interacting with the solute throughout
the simulation time. Their averaged coordination
numbers (n) are also listed in Table 1 in the last
column. From the molecular CND, the possible CNs in
2-6 ps period are in a range of 10 to 17, whereas in 6-
10 ps period are higher flexibility of the hydration
shell ranging from 11 to 21. Moreover, the atomic and
molecular CNDs in 6-10 ps period are higher
distributions than in 2-6 ps period. The direct
summations of averaged atomic CNs for the first
period (16.1) and last period (22.8) are higher than in
the corresponding molecular CN, differing by 2.8 and
6.4 molecules, respectively. The different values
indicate that some water molecules locate in the
intersection volumes of the atomic hydration spheres,
referring one water molecule can interact with more
than one site.

Table 1: The Characteristic Values of the Radial Distribution Function g,g(r) for Each Site of S,05% lon in the

Hydration Shell Determined by the QMCF MD Simulation

2-6 ps 6-10 ps
coordinating I max Fmin I max Fmin n COOFdinating I max Fmin I max M min n
site Oy (©Ow (Hy) (Hy) site Oy (Ow) (Hy) (Hy)
S(2) 402 488 470 524 100 S(2) 400 514 388 520 132
0(3) 2.88  3.46 186 246 23 0(3) 276 386 184 270 37
O(4) 278 324 184 242 18 0O(4) 278 374 194 250 31
O(5) 282 324 174 236 20 O(5) 276 364 18 260 238
surface 276 3.26 184 246 133 surface 276 366 182 262 164
throughout the whole interested simulation time via
1001 ] the three-dimensional (3D) alignment [27] as shown in
s0L @2-6ps | Figure 4.
6ol - € (b)
40 —
8 20F -
g 7mm‘mmmmmm.&.lllll_; |
S 8of (b)6-10ps |
60 —
40 —
20 — . . . .
L , Figure 4. AIll superimposed trajectories for the
P AT N T A A A T 11 H H H
0T 23 4 5 678910115 1314151617 1819202122 coordinates ofas_elected water mplecule movmgz_lnj[he
Coordination Number molecular hydration shell of thiosulfate (S,057) ion

Figure 3. The molecular CNDs of the thiosulfate ion
for (a) 2-6 ps and (b) 6-10 ps period.

3.3 Dynamics of the Water Molecules

The dynamical motion data of all atoms within the
system were collected during the simulation. Water
molecules migrated within or even come in and out of
the hydration shell. The visualization of the hydration
shell during the simulation period provides an insight
to understand the motion of water molecules around
the solute. We presented one selected water molecule
moving within the molecular hydration shell

throughout the whole interested simulation time: (a) 2-
6 ps (b) 6-10 ps (only the one moving around the
solute) with 3D alignment obtained from the QMCF
MD simulation. The yellow spheres are sulfur atoms,
red spheres are oxygen atoms of the solute, red dots are
oxygen atoms of the selected water molecules, and
gray dots are the hydrogen atoms of the water.

In the first 2-6 ps period, there is only one water
molecule moves near oxygen as shown in Figure 4a,
but other molecules move across the molecular
hydration shell. However, in the last 6-10 ps period




there are many water molecules move within the
molecular hydration shell along the whole simulation
time. Some water molecules move near oxygen atoms
but some water molecules move around the ion as
shown in Figure 4b. These indicate that the two
periods are different because the system in the last 6-
10 ps period approaches the equilibrium closer than
another period. In addition, the results agree with the
RDFs that water molecules prefer to interact with
oxygen. Moreover, the water molecule within the
molecular hydration shell rapidly changes the
coordinating site around the ion during the simulation
period. This evidence proves that the total summation
of all atomic CNs is overcount of some water
molecules in the intersection volumes.

4. Conclusions

Studying of structural and dynamical properties of
a solute in the solution by QMCF MD simulation is
one of the great choices. We studied the fundamental
data of the thiosulfate ion, when it is dissolved in
water. The hydration shells from the atomic RDFs of
sulfur for both 2-6 and 6-10 ps periods are unclear
while those of oxygen atoms and molecular RDFs
obviously show the hydration shells. The water
molecules prefer to interact with oxygen more than the
sulfur atom. The molecular RDFs indicate the
orientation of a water molecule pointing a hydrogen
atom to interact with the coordinating site. However,
in the same time water molecules can interact with
neighbouring sites presented by the dynamical
visualization. The interaction between water and
oxygen of the thiosulfate ion is stronger than the sulfur
site, resulting to clear hydration shell of atomic RDFs
of oxygen. Some water molecules locate in the
intersection volumes of the atomic hydration spheres
reflected by the higher direct sum of atomic CNDs
(overcount) than molecular CND and dynamical
visualization. The dynamical analysis by 3D alignment
for the visualization of the motion of selected water
molecule in the molecular hydration shell presented
the difference of 2 pre-equilibrium periods.
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Abstract : The guanine tetrad (G4) coordinated with
alkali (Li*, Na*, K*) and alkali earth (Ca*, Mg®")
metal ions were elucidated using the B3LYP and HF
levels of theory. The optimized structure
corresponding stabilities and binding energy of the
tetrads were determined. It was found that the
guanine tetrad with bifurcated hydrogen bond is the
most stable structure, while the cation-guanine tetrad
coplanar complex (G4-M) was stabilized by
Hoogsteen hydrogen bond. The results were revealed
that the stable sequence of G4-M is Mg*"> Ca®">
Li*> Na'> K*. The structural properties obtained
from the HF method are in good agreement with the
experimental determination, while the strong
hydrogen bonding was revealed by the B3LYP
functional.

1. Introduction

Guanine tetrads are formed by the folding of
guanine rich sequences from one, two, four-
stranded nucleic acid structures occurring in
telomeric regions of eukaryotic chromosomes,
which lead to a DNA mutation [1-3]. The structure
of guanine tetrads consist of the cyclic hydrogen-
bonding of four guanine bases in a square planar.
The two or more guanine tetrads can stack on top
of each other to form a “Guanine quadruplexes’
(see Fig. 1).

Fig. 1.Structure of a Guanine tetrad, oxygen, red;
carbon, gray; nitrogen, blue; and hydrogen,
white.

Guanine quadruplex plays important roles in
biological regulation, design anticancer drugs and
devices for nanotechnology [4]. In addition it is
and inhibitor of HIV replication and telomerase
[4].
It is well known that metal ions are required in
the formation of guanine quadruplex and also the
different types of metal ion effect the structure of
the guanine quadruplex. Therefore, it is interesting
to investigate their interactions with the guanine
tetrad [1-6]. The cations were revealed to stabilize
the guanine quadruplex structures [5-6]. Thus, in
this work the metal ions Li*, Na*, K*, Ca®* and
Mg?" interacting with guanine tetrad were
investigated by theoretical calculations.

2. Computational Details

In this work, the calculated interactions of G4,
G4-Li*, G4-Na', G4-K', G4-Ca®* and G4-Mg*
were studied using the Backe's three-parameter
hybrid exchange functional and the Lee-Yang-Pair
correlation functional (B3LYP) and also the
Hartree-Fock (HF) in conjunction with the 6-
31G(d) basis set for the optimized structures and
the 6-311G(d,p) basis set for the binding energies.
Structural properties were evaluated in terms of the
average bond length of M---Og, Og---H{,N;---H»
and diagonal of Og---O4. All calculations were
performed using the Gaussian 03 program [6].

Binding energy (AEpinging) Was defined as the
energy difference between the complexes and sum
of the fragments, expressed as follows;

AEyinging = E(G4-M) — [E(G4) + E(M)]

where E(G4-M) is total energy of the optimized
cation-guanine tetrad complex, E(G4) is total
energy of the optimized guanine tetrad and E(M) is
the energy of the cation.

3. Results and Discussion

The optimized structures of guanine tetrads are
depicted in Fig. 2. The selected bond distances and
binding energies of the optimized guanine tetrads
are listed in Table 1 and Table 2, respectively.




Table 1. The selected bond distances (A) of the optimized guanine tetrads at the B3LYP/6-31G(d) and

HF/6-31G(d) levels

B3LYP HF
M---O 06'" N7“' 06"'06 M--- 06"' N7“' 06"'06
6 H, H, (diagonol) Os H, H, (diagonol)
GA-Li* 2.046 1805 1.955 3.965 2.047 1936 2104 3.954
G4-Na* 2.288 1870 1935 4.564 2316 2002 2056 4.633
G4-K* 2.630 1911 1938 4.837 2593 2098 2222 5186
G4-Ca* 2.291 2.044 1972 4582 2298 2281 2119 4.596
G4-Mg2+ 1.997 1.904 1972 3.874 1983 2065 2154 3.848
G4 1.933 2608 5.818 2.034 2581 5.988
G4 G4-Li* G4-Na*

G4-K* G4-Ca** G4-Mg™

Fig. 2.The optimized structures of guanine tetrads at the HF/6-31G(d) and B3LYP/6-31G(d) levels
(B3LYP data in parentheses).




According to Table 1, the M---Og distances at
the B3LYP level of G4-Li*, G4-Na*, G4-K*, G4-
Ca®* and G4-Mg®* are 2.046, 2.288, 2.630, 2.291
and 1.997 A, respectively. The corresponding

Table 2. The binding energies (kcal/mol) of the
optimized G4-M complexes at the B3LYP/6-
311G(d,p) and HF/6-311G(d,p) levels

distances calculated by the HF level are equal to Metal B3LYP HF
2.047, 2316, 2593, 2.298 and 1.983 A, Li* -132.9 (-128.5) -124.7 (-121.3)
respectively. Therefore, in this prediction the Na* -110.4 (-106.5) -102.5 (-99.7)
el otaned from xperimental measurement of <. 8300800 718895
P ca* -284.9 (-280.8) -269.0 (-266.3)

molecular structure of sodium ion interaction with

the guanine tetrad in the crystal of a parallel- Mg®* -365.0 (-360.5) -356.0 (-351.7)

stranded guanine tetraplex (2.34+0.02 A)
agreement with the M---Og distance of G4-Na" at
the HF level [4]. The calculation has reported that
the M---Og distance influence the stability of the
structure significantly.

In the presence of cations, the G4 structure was
changed and size of cations induces different
structures. The distance of Og---Og diagonal at the
B3LYP and HF levels are evaluated to be 3.965
and 3.954 A for G4-Li", 4.564 and 4.633 A for G4-
Na®, 4.837 and 5.186 A for G4-K*, 4.582 and
4596 A for G4-Ca*, 3.874 and 3.848 A for G4-
Mg*" as compared with G4 (5.818 and 5.988 A),
respectively. The results were indicated that the
hydrogen bonds are shorted following the decrease
in the size of the cations.

The distances of Og---H; at the HF level are
slightly influenced when Li*, Na*, K* and Mg**
ions were added in the cavity of G4. The difference
of Og---H distances between G4 and G4-M (Li",
Na*, K*, Mg®") are less than 0.10 A, while this
difference is more than 0.20 A in G4-Ca*". The
O¢---H; and N;---H, distances at the B3LYP level
are evaluated to be 1.805 and 1.955 A for G4-Li",
1.870 and 1.935 A for G4-Na’, 1.911 and 1.938 A
for G4-K*, 2.044 and 1.972 A for G4-Ca”", 1.904
and 1.972 A for G4-Mg®*. The relative values are
1.936 and 2.104 A, 2.002 and 2.056A, 2.098 and
2.222 A, 2.281 and 2.119 A, 2.065 and 2.154 A at
the HF level, respectively. The B3LYP and HF
level results indicate that the Og---H; distance is
shorter than the N;---H, distance in G4-Li*, G4-
Na*, G4-K* and G4-Mg?*. This effect is explained
by a stronger electrostatic attraction of a cation. As
shown in Fig. 2, the optimized structures exhibited
that the G4-M was stabilized by Hoogsteen
hydrogen bond, which no bifurcated hydrogen
bond is observed by the Ns---H, distance, while G4
with bifurcated hydrogen bond is the most stable
structure.

The Og---H; and Ny---H, distances at the
B3LYP level is shorter than HF level, which lead
to the stronger hydrogen bonding. In addition the
M---Og distance of G4-Na' at the HF level is
exactly predicted. The corresponding distance
calculated by the B3LYP level might overestimate
the stronger hydrogen bonding in the G4.

The values in parentheses are BSSE corrected
stabilization energies.

As seen in Table 2, the binding energy results
were revealed that the stable sequence is Mg*">
Ca*">Li">Na"> K" at both HF and B3LYP levels.
The binding energy is obtained from alkali earth is
stronger than those derived from alkali ion. In the
alkali ions, the binding energies are enhanced
following the decrease in the size of the cations.
The highest binding energy of  -365.0 kcal/mol (-
356.0 kcal/mol at the HF level) was predicted from
Mg?®* while the lowest valve was obtained from K*
(-83.0 kcal/mol at the B3LYP and -71.8 kcal/mol
at the HF levels). Finally, a cation stabilizes the G4
structure by a neutralization of the negative
charges among the oxygen atoms.

4, Conclusions

G4-M complexes were studied using the
B3LYP and HF levels of theory. The optimized
structures were predicted that G4 with bifurcated
hydrogen bond is the most stable structure, while
the G4-M was stabilized by Hoogsteen hydrogen
bond. A cation stabilizes the G4 structure by a
neutralization of the negative charges among the
oxygen atoms, which this stable structure leads to a
DNA mutation. The stable sequence in the order
Mg®*> Ca?"> Li*> Na"™> K'. The result obtained
from experimental measurement of molecular
structure of sodium ion interaction with the
guanine tetrad in the crystal of a parallel-stranded
guanine tetraplex (2.34 + 0.02 A) corresponding
the M---Og distance of G4-Na" at the HF level.
Thus, the B3LYP result of the M---Og distance of
G4-Na" might overestimate the stronger hydrogen
bonding in the G4.
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Abstract: Characteristic of charge transfer reactions in
the T-shape four gold cluster with the guanine-cytosine
(G-C) base pair on the N7 site of guanine base in
deoxyribonucleic acid (DNA, d) and peptide nucleic acid
(PNA, p) were theoretically elucidatedby using the
B3LYP/6-31G(d)\ULANL2DZ method. Different
backbones such as dG-dC, dG-pC, and pG-dC complexes
were selected. The result shows that the strongest
interaction energy of -33.92 kcal/mol was calculated from
the pG-dC complex with the O6-N4, N1-N3, and N2-O2
bond distances of 2.87, 2.94, and 2.85 A, respectively. In
contrast, the weakest interaction energy of -7.26 kcal/mol
was obtained from the dG-dC model with the slightly
larger H-bonding distances compared to the pG-dC
model. In addition, for the T-shape four gold cluster
attached to the N7 site of the guanine base in complexes,
the H-bonding interaction energies were decreased by ~6
kcal/mol. Finally, the results revealed that the sum of the
Mulliken charge was transferred to Au, which take
place mainly from guanine base and partially from
cytosine base and their backbones.

1. Introduction

The three hydrogen bonds of guanine-cytosine
(G-C) base pair play an important role for
understanding the Watson-Crick model. Recent
theoretical studies have shown that the influence of the
G-C base pair or individual base attachment by gold
nanoparticles is an attractive subject for bioscience
application [1-2]. The interaction of the G-C base pair
with triangular T-shape four gold cluster was studied
using quantum calculation, showing that the strongest
interaction energy from four gold atoms was evaluated
[2-3]. The gold atoms bonding on the N7 site of
guanine base is proved to be the major groove site
within the G-C base pair [4-5]. It'swell known that the
DNA (deoxyribonucleic acid, d) backbone has a
negative charge inside a phosphate group, while a
neutral charge of a peptide nucleic acid (PNA, p) is
imitated for DNA backbone. Consequently, the aim of
this work is to investigate T-shape four gold cluster in
the G-C base pair for the different backbones between
DNA and PNA (base on trans-(1S,2S)-2-aminocyclo-
pentanecarboxylic acid, SS-ACPC) [6].

2. Methods
To theoretically calculate the structural properties,

the complexes of T-shape four gold nanoparticles in
the G-C base pair coordinated at the N7 site of guanine

base for DNA and PNA backbones were fully
optimized at the Backe's three-parameter hybrid
exchange functional and the Lee-Yang-Parr correlation
functional (B3LYP) level of theory. The 6-31G(d)
basis set was used for all atoms except gold atoms,
while the LANL2DZ basis set was applied for gold
nanoparticles. The geometrical optimizations of all
complexes were performed by using the Gaussian 03
program [7]. The interaction energies of structures
were corrected by the basis set super position error
(BSSE). In this study, the three different backbone
complexes were chosen such as the doubly anionic
form of the dG-dC structure, and the singly anionic
form of the dG-pC, and pG-dC structures. Moreover,
the charge distributions of such models were
determined by Mulliken population analysis scheme

[8].
3. Results and Discussion

Table 1: Hydrogen bond lengths (angstroms) of the
G-C base pairs in DNA and PNA backbones with gold
cluster located near at the N7 site of the G base
obtained from the B3LYP/6-31G(d)ULANL2DZ
method

Bond Distances (A)

Complexes
06-N4  N1I-N3 N2-02 N7-Au
dG-dC 2.85 2.96 291 -
dG-pC 2.77 2.99 3.01 -
pG-dC 2.87 2.94 2.85 -

dG(Au)-dC  2.89 2.91 2.83 2.12
dG(Auy)-pC 281 2.94 2.93 2.13
pG(Au)-dC  2.90 2.89 2.79 2.14

The hydrogen bond distances of G-C base pairs in
different DNA and PNA backbones with and without
T-shape four gold nanoparticles obtained from the
B3LYP/6-31G(d)ULANL2DZ method are presented
in Table 1. For the dG-dC structure without gold
cluster, the O6-N4, N1-N3, and N2-O2 distances were
found to be 2.85, 2.96, and 2.91 A, respectively. It was
found that the hydrogen bond distances of the N1-N3
and N2-O2 evaluted from the dG-pC model are
increased, while the decreasing O6-N4 distance was
observed. The longest O6-N4 bond and shortest N1-




N3 and N2-O2 distances of 2.87, 2.94, and 2.85 A
were evaluated from the pG-dC structure, showing the
specification of the backbone coordinated with the
base pairs. For the T-shape four gold cluster attached
at the N7 site of the G base, the O6-N4 bond of 2.89,
2.81, and 2.90 A were obtained from the dG-dC, dG-
pC, and pG-dC complexes, respectively, which are
longer than the corresponding complexes without gold
atoms, while the N1-N3 and N2-O2 hydrogen bonding
distances are all decreased in the range 0.05-0.08 A.
For the N7-Au bond length, the values of 2.12, 2.13,
and 2.14 A are detected from the dG(Au,)-dC,
dG(Auy)-pC, and pG(Auy)-dC complexes,
respectively. This indicates that the charged backbone
plays a significant role on the N7-Au interaction.

Table 2: BSSE-Uncorrected and -Corrected interaction
energies (Ej) of G-C base pairs in DNA and PNA
backbones with coordination by gold cluster calculated
from the B3LYP/6-31G(d)ULANL2DZ method

Eint (kcal/mol)

Complex B(?A'I-imﬁ' ?éls%(g) B3LYP/6-31G(d)

correction) (BSSE correction)
dG-dC -12.80 7.26
dG-pC -30.79 -25.82
pG-dC -39.25 -33.92
dG(Au,)-dC 111.03 5.60
dG(Aus)-pC -25.97 -19.96
DG(Auy)-dC 3458 2821

Table 2 presents the interaction energies of the G-C
base pairs with and without the T-shape four gold
cluster in DNA and PNA backbones obtained from
B3LYP/6-31G(d)ULANL2DZ method. Difference
between to the BSSE-corrected and BSSE-uncorrected
interaction energies of the dG-dC, dG-pC, and pG-dC
complexes with gold nanoparticles amounts to ~6
kcal/mol. For the BSSE-corrected E;.;, the most stable
interaction energy of -33.92 kcal/mol was determined
from the pG-dC complex. For the interchanging of
backbones (dG-pC), the hydrogen bonding interaction
was decreased by 8.1 kcal/mol, whereas the value of -
7.26 kcal/mol was evaluated from the dG-dC model. In
addition, the interaction energies of these complexes
with the T-shape four gold cluster attached at the N7
site of the G base for DNA and PNA backbones were
also calculated in computing BSSE-corrected. These
values of such interaction were decreased in the range
of 1.66 to 5.86 kcal/mol.

As shown in Table 3, the sum of Mulliken charges
of the separate base, backbone, and gold cluster of the
G-C base pairs for the different backbones with and
without four gold nanoparticles were calculated.

a) the dG(Au,)-dC complex

b) the dG(Au,)-pC complex

c) the pG(Au,)-dC complex

Figure 1. Optimized structures of (a) the dG(Au,)-dC,
(b) the dG(Au,)-pC, and (c) the pG(Auy)-dC for
the T-shape four gold cluster interaction coordinated at
the N7 site of the G base

Table 3: Sum of the Mulliken charges each part on the
G-C base pair with different backbones complexes
coordinated by gold cluster

Sum of Mulliken Charges

Complex

BB1 G C BB2  Au,
dG-dC -0.731  -0.340 -0.242 -0.684
dG-pC -0.684 -0.336 -0.191 0.214
pG-dC 0192 -0.290 -0.255 -0.646
dG(Auy)-dC  -0.652 -0.143 -0.177 -0.685 -0.346
dG(Au)-pC  -0.629 -0.117 -0.122 0.207 -0.335
PG(Au)-dC 0222 -0.077 -0.187 -0.647 -0.321

BB Backbone of G base.
882 Backbone of C base.




In the case of DNA-DNA backbones, the negative
charges of -0.340, -0.242, -0.731, and -0.684 are found
for the G base, C base, and their backbones,
respectively. For DNA and PNA backbones attached
with G and C bases, the charges on G and C bases are
decreased except in these cases of C base attached by
the DNA backbone. These charges in DNA backbones
were less negative (-0.684 and -0.646 in the dG-pC
and pG-dC structures, respectively), whereas the sum
of charges on PNA backbones connected with the G
and C bases resulted positive charge. For T-shape four
gold nanoparticles coordination by the N7 site for the
G base, the charge of gold clusters in all structure are
negative, indicating that the majority of effective
charges are transferred from the G base, while the
charges of C base and the backbone are minor.

4. Conclusions

Our results proved that the pG-dC structure gives
the highest H-bond interaction, while the weakest H-
bond interaction was obtained from the dG-dC
complex. The gold cluster plays an important role in
the base pair interaction. It can be concluded that the
migration of charge was mainly transferred from the G
base to gold cluster, while the rest of the charge was
contributed from the C base and their backbones.

Acknowledgements

This work was supported by the Higher Education
Research Promotion and National Research University
Project of Thailand, Office of the Higher Education
Commission.

References

[1] E.S. Kryachko and F. Remacle, Nano Lett. 5 (2005)
735-739.

[2] A. Kumar, P.C. Mishra and S. Suhai, J. Phys. Chem. A.
110 (2006) 7719-7727.

[3] A.H. Pakiari and Z. Jamshidi, J. Phys Chem. A. 111
(2007) 4391-4396.

[4] M.K. Shukla, M. Dubey, E. Zakar and J. Leszczynski,
J. Phys. Chem. C. 113 (2009) 3960-3966.

[5] T. Matsui, Y. Shigeta and K. Hirao, Chem. Phys. Lett.
423 (2006) 331-334.

[6] C. Suparpprom, C. Srisuwannaket, P. Sangvanich and
T. Vilaivan, Tetrahedron Lett. 46 (2005) 2833-2837.

[71 M.J. Frisch , G. W. Trucks, H. B. Schlegel, G. E.
Scuseria, M. A. Robb, J. R. Cheeseman, J. A.
Montgomery, Jr., T. Vreven,. N. Kudin, J. C. Burant, J.
M. Millam, S. S. lyengar, J. Tomasi, V. Barone, B.
Mennucci, M. Cossi, G. Scalmani, N. Rega, G. A.
Petersson, H. Nakatsuji, M. Hada, M. Ehara, K. Toyota,
R. Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y.
Honda, O. Kitao, H. Nakai, M. Klene, X. Li, J. E. Knox,
H. P. Hratchian, J. B. Cross, C. Adamo, J. Jaramillo, R.
Gomperts, R. E. Stratmann, O. Yazyev, A. J. Austin, R.
Cammi, C. Pomelli, J. W. Ochterski, P. Y. Ayala, K.
Morokuma, G. A. Voth, P. Salvador, J. J. Dannenberg,
V. G. Zakrzewski, S. Dapprich, A. D. Daniels, M. C.
Strain, O. Farkas, D. K. Malick, A. D. Rabuck, K.
Raghavachari, J. B. Foresman, J. V. Ortiz, Q. Cui, A. G.

Baboul, S. Clifford, J. Cioslowski, B. B. Stefanov, G.
Liu, A. Liashenko, P. Piskorz, I. Komaromi, R. L.
Martin, D. J. Fox, T. Keith, M. A. Al-Laham, C. Y.
Peng, A. Nanayakkara, M. Challacombe, P. M. W. Gill,
B. Johnson, W. Chen, M. W. Wong, C. Gonzalez, and J.
A. Pople, Gaussian Inc., Pittsburgh PA, 2003.

[8] R.S.Mulliken, J. Chem. Phys. 23, 1833 (1955).




ELECETROCHEMICAL DEPOSITION OF PLATINIUM ON GOLD
NANOPARTICLES ON CARBON NANOTUBE FOR ETHANOL OXIDATION

Pitak Wongthep®”, Surin Saipanya’?, Thapanee Sarakonsri*?, Laoungnuan Srisombat™?

! Department of Chemistry, Faculty of Science, Chiang Mai University, Chiang Mai, 50200 Thailand
2 Materials Science Research Center, Faculty of Science, Chiang Mai University, 50200 Thailand

* Author for correspondence; E-Mail: pitakwo@gmail.com, Tel. +66 53943336 ext 103, Fax. +66 53892277

Abstract: Pt loaded Au metal nanoparticles on carbon
nanotube (CNT) were prepared for the electrocatalytic
study of ethanol oxidation. All electrochemical measure-
ments were carried out in a three-electrode cell. A
Platinum wire and Ag/AgCl were used as auxiliary and
reference electrodes, respectively. Suspension of the Au
nanoparticle, CNT and Nafion were mixed and dropped
on glassy carbon as a working electrode. Cyclic voltam-
mograms in H,SO, solution correspond to hydrogen
adsorption and hydrogen desorption. Cyclic voltam-
mograms of ethanol electrooxidation studied in 2 M
CH3CH,OH in 1 M H,SO, show a characteristic peak
with a well-known oxidation curve in the forward scan
contributed to ethanol oxidation while the reverse scan is
allied with the oxidation of the carbonaceous species.

1. Introduction

As a limit of power supply, there are many
alternative resources to solve the problem and fuel cell
can be one of the promising choices. Direct methanol
fuel cell (DMFC) has also been a focus for scientist
interests because of various advantages, such as light
weight, rich resource and friendly environment [1-3].
Nowadays, new sources of energy are being searched
and small organic molecules such as methanol, ethanol
and formic acid can be used as fuel. However, the
anode catalyst is easily poisoned by carbon monoxide
adsorption (CO,q4) resulting in cell efficiency
reduction. Platinum (Pt) is commonly known as
electrocatalyst and stable in acid solution [4-6].
Ethanol oxidation giving CO species poisons the Pt
active sites resulted in reduction of the Pt activity.
Former studies reported that the provided metals (M is
a precious or transition metal) generate oxygen
containing species leading to CO, at low potentials
compared to pure Pt [4]. PtRu is one of the exceptional
bimetal catalysts for the methanol electrooxidation
with well resistance for CO adsorption [6]. However,
there are other precious metals have recently been
studied to prepare binary electrocatalysts such as PtAu
[8]. Moreover, CNT is a good catalyst support which
has high surface area, good electrical conductivity and
high stability [9].

Researchers have prepared Pt and Pt-Metal
catalysts via numerous methods. To avoid those
difficulties of preparation, we have tried with electro-
deposition of Pt on Au nanoparticle at CNT matrix
electrode in an aqueous solution [4]. The electro-

catalytic activities of the prepared Pt and Au metal
catalysts were carried out by cyclic voltammetry (CV).

2. Materials and Methods

2.1 Materials and gold nanoparticles loaded CNT

H,PtCls.6H,O and HAuUCI, were obtained from
Merck. Ethanol and sulfuric acid were purchased from
Lab. Scan. Water was acquired from a Millipore Milli-
Q water system. Gold nanoparticles were simply
prepared by reduction of hydrogen tetrachlorideaurate
(1) with alkaline tetrakis(hydroxylmethyl) phosphor-
mium chloride (THPC) [7]. 1 mL of a 1 M solution of
NaOH, 2 mL of THPC solution (12 uL of 80% THPC
in 1 mL of water), and 200 mL of Milli-Q water were
mixed in a 250 mL flask and vigorously stirred for at
least 15 min. An aliquot (4 mL) of 1% aqueous
HAuCI,; was added quickly to the stirred solution,
which was stirred further for 30 min. Afterward, Au-
CNT were prepared by mixed 100 mg CNT with 40
mL water and 10 mL THPC Au nanoparticles. The
mixture was stirred for 4 h. Then, it was washed by
water and dried in the oven. CNT electrode can be
prepared similar to above procedure but without THPC
Au nanoparticles.

2.2 Electrochemistry

A glassy carbon electrode (BAS and 3.0 mm
diameter) was polished with alumina slurries (0.005
um). The supports such as CNT and Au-CNT
dispersed in mixtures of Nafion, phosphate buffer and
isopropanol were dropped onto the clean glassy carbon
surface by micropipette and left the suspension to be
dried for 1 hr. The obtained electrodes were denoted as
CNT and Au-CNT nanocomposite modified glassy
carbon electrode.

Pt was used as a precursor for electrodeposition on
CNT and Au-CNT from the solution of 1 mM
H,PtCls.6H,O. Voltammetric measurements were
carried out with EDAQ potentiostat with a three
electrode cell system. The prepared electrodes were
employed as the working electrode and the obtained
electrodes were denoted as Pt/CNT and Pt/Au-CNT.
Ag/AgCIl and Pt wire were used as reference and
counter electrodes, respectively. The obtained CNT,
Pt-CNT and Pt/Au-CNT electrodes were examined in
1 M H,SO, solution and ethanol oxidation in 2 M
CH5;CH,0OH + 1 M H,SO, by CV at a scan rate of 50




mV.s™. The solutions were deaerated by N, gas for 20
min and maintained with N, atmosphere during the
electrochemical experiments.

3. Results and Discussion

Figure 1 shows general shape of voltammograms
for Pt and Pt/Au which are similar to their
characteristic. It was found that the currents of
hydrogen adsorption/desorption are observed. The
hydrogen desorption peaks imply electrochemically
active surface area. This indicates that Pt/Au-CNT has
a different stoichiometry for hydrogen adsorption.
However, the voltammograms for CNT and Pt/CNT
has a thick double layer. The electro-adsorption of two
different hydrogen species are the under-potential and
over-potential adsorbed hydrogen (Hypp and Hepp).
The electro-adsorption of Hypp is characteristic of Pt
group while the electro-adsorption of Hopp takes place
at all electrode materials. As shown in Figure 1 UPD
H in H,SO, aqueous electrolyte solution is a
phenomenon characteristic of only noble metals.
The prepared electrodes (Pt-CNT and Pt/Au-CNT)
demonstrate  the very distinguished hydrogen
adsorption (Hags) and desorption (Hges) regions in the
potential region of ca. -0.30 to -0.10 V. The oxide
formation and reduction on electrode has been
obtained at 0.20 to 0.60 V.

- - (@ CNT
10.0 1 -+« (b) P/CNT
(c) Pt/Au-CNT|

,HUPD desorption

5.0

004 -
504 N

-10.0 o

oxide reduction
Hypp @dsorption

iI(Alg)
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-04 02 0.0 0.2 0.4 0.6 0.8 1.0

E/V vs. Ag/AgCI

Figure 1. Cyclic voltammograms recorded in 1 M
H,SO, solution at (a) CNT, (b) Pt-CNT and (c) Pt/Au-
CNT in the potential range -0.30 to 1.00 V at a scan
rate 50 mV s

Cyclic voltammograms of ethanol electrooxidation
of Pt-CNT and Pt/Au-CNT were measured in 2 M
CH3CH,0H in 1 M H,SO, solution in Figure 2. The
voltammogram of CNT shows no oxidation peak.
Voltammograms of Pt-CNT and Pt/Au-CNT show a
characteristic peak with outstanding oxidation peaks in
the forward scan and second oxidation peaks at
negative potentials in the backward scan [3,6]. The
peaks at ca. 0.70 V in anodic scan is attributed to
ethanol oxidation and the peak at ca. 0.50 V in the
cathodic scan is related with the reaction of the
electrode after deactivation giving highest peak to
oxidation of unreacted ethanol and absorbed
intermediates. The efficiency of the electrocatalyst

towards ethanol oxidation is normally characterized by
the onset potential of ethanol oxidation and current
density of the forward peak. Voltammogram of CNT
shows no additional oxidation peak. The onset
potential and current density of CNT are hardly
determined. The onset potentials of Pt-CNT and
Pt/Au-CNT are 0.50 and 0.35 V, respectively. The
current densities of Pt-CNT and Pt/Au-CNT are 12.0
and 35.0 A/g, respectively. Pt/Au-CNT illustrates
more enhancements in current density and lower onset
potential than the others.

- - @CNT
45.04 -+ +(b) PUCNT
(c) Pt/Au-CNT|
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0?0 0t2 0?4 016 0?8 170

E/V vs. Ag/AgCI
Figure 2. Cyclic voltammograms recorded in 2 M
CH3CH,0H + 1 M H,S0O, solution at (2) CNT, (b) Pt-
CNT and (c) Pt/Au-CNT in the potential range 0 to 1.0
V at a scan rate 50 mV s

4. Conclusions

CNT was modified with Pt and Au nanoparticles
by electrodeposition. The electro-deposited Pt
nanoparticles on the surface of Au-CNT support show
an excellent catalytic activity for ethanol oxidation.
The electrodeposited Pt/Au catalyst demonstrates the
very recognized hydrogen adsorption (Has) and
desorption (Hges) regions in the potential region of ca.
-0.30 to -0.10 V. An enhanced electrocatalytic
performance for ethanol oxidation is also obtained for
Pt/Au-CNT.
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Abstract:  Diarylpyrimidines (DAPYs) have been
synthesized as non-nucleoside reverse transcriptase
inhibitors (NNRTIs). The antiviral evaluation indicates
that some of these compounds display strong activity
against wild-type HIV-1 and the double mutant
(K103N/Y181C) strains. Most of diarylpyrimidines
derivatives exhibited moderate to excellent activities
against wild type and potent K103N/Y181C HIV-1 RT.
To investigate the key structural features for novel
DAPYs, 2D and 3D-QSAR studies (HQSAR, CoMFA and
CoMSIA) were applied on a set of 36 DAPYs of wild-type
HIV-1 RT and K103N/Y181C HIV-1 RT. The results
obtained from molecular docking calculation could
provide the suitable molecular alignment of DAPY
derivatives in the WT and K103N/Y181C HIV-1 RT
binding pockets. The resulting QSAR models are
satisfied based on the predictive ability values. The
QSAR contour maps highlight different characteristics
for different types of wild-type and mutant-type HIV-1
RT. In addition, these contour maps agree with
experimental data for the binding topology. Accordingly,
the integrated results can be powerful guideline for
designing novel and highly effective DAPY's derivatives.

1. Introduction

Reverse transcriptase (RT) of the human
immunodeficiency virus type 1 (HIV-1) is a crucial
target for inhibition of HIV-1 replication. The
successful treatment of HIV-1 infection with non-
nucleoside reverse transcriptase inhibitors (NNRTIS) is
undermined. Accordingly, the development of new
highly effective drug against wild-type and
drugresistance of HIV-1 remains essential [1].
Diarylpyrimidine derivatives (DAPY) have been
proven to be a next generation of NNRTIs that are
extremely potent against both wild-type (WT) and
mutant type HIV-1 RT [2]. The antiviral and
cytotoxicity evaluation indicated that these compounds
displayed strong activity against wild-type HIV-1 at
nanomolar concentrations [3,]. Furthermore, the
inhibitors exhibited activity against the double mutant

(K103N+Y181C) strains [3-5]. In the present study,
computer aided molecular design approaches based
on molecular docking calculations and quantitative
structure activity relationship based on
two-dimensional quantitative structure-activity
relationship, 2D-QSAR using hologram quantitative
structure  activity relationship (HQSAR) and
three-dimensional ~ quantitative  structure-activity
relationship, 3D-QSAR using comparative molecular
field analysis, CoMFA and comparative molecular
similarity indices analysis, COMSIA, were performed
on a series of DAPY derivatives to determine the
different structural requirements concerning the WT
and double mutant (K103N/Y181C) HIV-1RT
inhibition.

2. Materials and Methods

2.1 Structures and Biological activity of DAPY
derivatives

The structures and biological activity of 36
DAPY derivatives in Table 1 were taken from
literatures [3-5]. The biological activity expressed as
log (1/EC50), where EC50 is the effective
concentration of a compound required to achieve 50%
protection of MT-4 cell infected with the wild-type
and K103N/Y181C HIV-1 RT strains.

2.2 Computational details
2.2.1 Molecular docking calculations

All DAPY derivatives were constructed Gaussview
3.07 program and then, fully optimized by
HF/3-21G method. The structures of wide-type and
the double mutant type were taken from X-ray
crystallographic data (PDB: 2ZD1 and 2ZE2),
respectively. Molecular docking studies of DAPY
derivatives in the wild-type and the double mutant
type HIV-1 RT binding pockets were carried out using
Autodock 3.05 program.




2.2.2 2D and 3D-QSAR Studies

In this work, the binding modes of DAPY
derivatives in the HIV-1 RT wide type and the double
mutant type binding pockets obtained from molecular
docking calculations were used for molecular
alignment. SYBYL 8.0 software was used to calculate
the COMFA and CoMSIA models.

2.2.3 HQSAR study

For the HQSAR study, the HQSAR module of
SYBYL 8.0 was used. The PLS method was used to
establish a correlation of the molecular hologram
descriptors with the biological data of naphthyl DAPY
inhibitors. The r® and g? values were used to evaluate
the predictive ability of the HQSAR model.

Table 1. Structures and biological activity of DAPY derivatives

CN

Biological activity

No X R1 R2 R3 log (1/ECs) (M)
WT K103N/Y181C

1 CH(OH) H H 2-F 751 8.09
2 CH(CH) H H 2-Cl 8.05 8.21
3 CH(OH) H H 2-Br 8.05 7.99
4 C=NOH H H H 6.24 8.25
5 C=NOH H H 4-F 6.08 7.86
6 C=NOH H H 3-Me 7.49 8.34
7 C=NOH H H 3-OMe 7.60 8.06
8 C=NOH H H 4-OMe 7.89 7.99
9 C=NOH H H 4-t-Bu 6.84 8.14
10 C=NOH H H 3,5-diMe 7.33 8.10
11 C=NNH2 H H H 7.95 5.07
12 C=NNH2 H H 2-Me 8.19 5.21
13 C=NNH2 H H 3-Me 7.98 5.30
14 C=NNH2 H H 4-Me 8.62 5.28
15 C=NNH2 H H 3-F 7.64 5.12
16 C=NNH2 H H 4-F 741 5.24
17 C=NNH2 H H 3-Cl 7.71 5.28
18 C=NNH2 H H 4-Cl 8.04 4.90
19 C=NNH2 H H 4-OMe 8.44 5.29
20 C=NNH2 H H 3,4-diF 7.36 5.15
21 NH H H 2-Me-4-CH=CH-CN 9.05 7.05
22 NH H H 4-CH=CH-CN 7.47 5.40
23 NMe H H 2-Me-4-CH=CH-CN 9.00 6.80
24 NH H H 2-Et-4-CH=CH-CN-6-Me 8.52 8.28
25 NH H H 2-iPr-4-CH=CH-CN-6-Me 8.40 7.97
26 NH H H 2-OMe-4-CH=CH-CN-6-Me 9.15 8.37
27 NH H H 2-Cl-4-CH=CH-CN-6-Me 9.10 8.39
28 NH H H 2-Cl-4-CH=CH-CN-6-OMe 10.00 8.70
29 o H H 2,6-diMe-4-CH=CH-CN 4.55 8.37
30 S H H 2,6-diMe-4-CH=CH-CN 5.17 7.73
31 (6] Me H 1-ClI-2-naphthyl 7.94 5.37
32 e} H Me 1-Cl-2-naphthyl 8.42 5.12
33 (6] H H 1-Cl-2-naphthyl 8.50 4.28
34 (6] Me H 1-Br-2-naphthyl 8.07 5.34
35 o} H Me 1-Br-2-naphthyl 8.34 5.02
36 (6] H H 1-Br-2-naphthyl 8.63 5.18

To valuate relationships between molecular descriptors
and activities, the partial least square (PLS) method
was applied to build QSAR models. The r? and g°
values were used to evaluate the predictive ability of
the CoOMFA and CoMSIA models.

3. Results and Discussion

3.1 QSAR models

The statistic results of the best COMFA, CoMSIA
and HQSAR models are shown in Table 2. COMFA,
CoMSIA and HQSAR models of WT and DMT reveal
the satisfied predictive ability with g* of 0.55, 0.61,
0.60, 0.61, 0.60 and 0.85, respectively. Satisfied
correlations between experimental and predicted




biological activities of data set, based on the best
model of CoMFA, CoMSIA and HQSAR,
are depicted in Figure 1. The predicted biological
activities of the data set derived from the best QSAR
modes are closed to the experimental biological
activities indicating the high degree of correlation.

*
’:ﬂo'o .

3
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12 3 4 5 6 7 8 9 10
Experimental activity log (1/EC50)

©

Figure 1 Plots between the experimental biological and predicted biological
activities from the best COMFA (a), CoMSIA (b) and HQSAR (c) models,
respectively.

Table 2. Statistical results of WT and K103N/Y181C the best QSAR
models

Models Statistical parameters
o r N s SEE  F
WT CoMFA
SIE 0.55 0.99 6 068 0.04 1065
CoMSIA
HIA 0.61 0.99 6 064 0.04 989
HQSAR

AJ/CIBIDIA 0.60 0.97 6 065 0.18
K103N/ CoMFA

With regard to the WT HIV-1 RT inhibition, at the
position of the pyrimidine ring, B ring, green and red
contours located near the R1 substituent indicate that
bulky substituent with negative charge property would
increase the binding affinities. Blue, magenta and gray
contours near R, substituent showed that a positive
charge substituent with hydrophobic and hydrogen
donor properties at this site would be favorable. At the
position of the phenyl ring, C ring, yellow, blue and
gray contours close to the C5 position suggested that
small substituent with positive charge and hydrogen
donor properties should be favorable of activities,
whereas the substituent attached to the C6 position
should be hydrogen donor group and not too steric as
indicated by yellow and gray contours. Orange and
red contours in the vicinity of the C4 position
suggested that hydrogen acceptor substituent with
negative charge properties would enhance the binding
affinities.

In contrast, to effectively inhibit the K103N/ Y181
HIV-1 RT, structural requirements of DAPY
derivatives derived from the best CoMFA and
CoMSIA models can be highlighted as following
details; small and hydrophilic substituent at the R1
would increase the inhibitory activity as indicated by
yellow and gray contours located near the R1
substituent. The large magenta contours close to the
C2 and C3 positions suggested that hydrophobic
substituent attached to the position would be beneficial
for the inhibitory activity. Blue and yellow contours
close to the C4 suggested that small substituents with
positive charge would be favorable for the binding
affinities. The substituent attached to C5 should be
negative charge property as indicated by a red contour
nearby, whereas the substituent attached to C6 should
be bulky group with possessing negative charge

Y181C SIE 0.61 0.93 3 101 0.41 107 S
CoMSIA property as indicated by green and red contours close
:@SAR 0.60 0.99 4 104 0.14 714 the position.
AJC/B/DIA 0.85 0.99 6 066 0.16 -

%, leave-one-out (LOO) cross-validated correlation coefficient; r?, non-cross-

validated correlation coefficient; N, optimum number of components; s, standard A

error of prediction; SEE, standard error of estimate; F, F-test value; S, steric field;
E, electrostatic field; H, hydrophobic field; A, atom; B, bond; C, connection

3.2 Interpretation of COMFA and CoMSIA models

To visualize the structural requirements of DAPY's
derivatives active against WT and K103N/Y181C (b)
HIV-1 RT, COMFA and CoMSIA contour maps were @)
shown in Figures 2 and 3, respectively. As the steric
and electrostatic contour maps obtained from the
CoMSIA models show high correspondence to those
of the CoMFA models, only hydrophobic and
hydrogen acceptor fields derived from the CoMSIA
models were discussed.Green and yellow colors
represent favorable and unfavorable steric effects,
whereas blue and red contours refer to favorable
positive and negative charges, respectively. Regarding (© (d)
hydrophobc fields, magenta and gray contour maps  Fure % S Sl ) Mo €) o e 0
represent  favorable and unfavorable effects, compound, was merged in the contour maps.
respectively, whereas orange and gray contour maps
refer to favorable and unfavorable hydrogen acceptor
fields, respectively.




(a) (b)

() (d)

Figure 3. Steric (a), electrostatic (b), hydrophobic (c), and H-acceptor (d)
contour maps for the K103N/Y181C inhibition. Compound 28, the highest
active compound, was merged in the contour maps.

The contour maps highlight different characteristics
for different types of wild-type and double mutant-
type (Y181C/K103N) HIV-1 RT. In addition, these
contour maps are in agreement with the DAPY
derivatives used in the analysis listed in Table 1.

3.3 Interpretation of HQSAR models

Molecular fragments of DAPY's derivatives, which
contribute directly to biological activity, can be
visualized through HQSAR contribution maps. The
different contributions of all atoms in DAPYs
derivatives to the biological activity are discriminated
by a color code. Negative contributions are represented
via a red spectrum. Positive contributions are
represented via a green spectrum. Figure 2 depicts the
individual atomic contributions to the activity of
compounds 28 and 23, the most active and the least
active compounds, respectively. Atoms with positive
contributions are represented at the phenyl ring C. The
R; substituent that contains the small substiuents with
hydrophobic possessing negative charge properties
would enhance the K103N/Y181C HIV-1 inhibition,
whereas too bulky substituents induce the negative
contribution having the red atoms. Hydrogen hydrogen
donor substituents with negative charge properties
would enhance the binding affinities for the WT HIV-
1 RT inhibition as color coded in green atoms.

(4a) (4b)

(4c) (4d)

Figure 4. The HQSAR contributions of the most active compound compound
28, and less active compounds, for WT and K103N/Y181C inhibitions.

4, Conclusions

Computer aided molecular design based on
molecular docking and QSAR approaches were
successfully applied to discriminate structural
requirements between WT and K2103N/Y181C
inhibitory activities of the DAPY inhibitors. In this
study, the QSAR models are reasonable based on both
statistical significance and predictive ability. These
contour maps show good consistency with the
experimental data. Accordingly, these results lead to a
better understanding of important drug—receptor
interactions and structural requirements in the class of
DAPY compounds. The QSAR information provides a
helpful guideline to design and predict the affinity of
novel compounds with enhanced WT and
K103N/Y181C HIV-1 RT inhibitory activities prior to
synthesis.
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Abstract: The enoyl acyl carrier protein reductase
(InhA) of M. tuberculosis catalyzing the NADH-specific
reduction of 2-trans-enoyl-ACP is an attractive target for
designing novel anti-mycobacterial agents. The new bi-
substrate inhibitors have been developed as inhibitors of
InhA based on a covalent association between molecules
mimicking the InhA substrate and the NADH cofactor.
Several developed compounds are indeed able to inhibit
the InhA activity and show promising anti-mycobacterial
activities. As the molecules mimicking the InhA substrate
and the NADH cofactor of the bi-substrate inhibitors,
these inhibitors might be possible to bind in where the
substrate and the NADH cofactor are bound in InhA, or
be possible to bind in both sites at the same time.
Accordingly, there are three possibilities of InhA binding
sites for the binding of the bi-substrate inhibitors.
However, the bi-substrate mode of action has not yet
been clearly investigated. Therefore, to model the
potential binding modes of the bi-substrate inhibitors in
InhA binding pocket, molecular dynamics simulations
were applied. Based on the obtained results, the potential
binding modes of the bi-substrate inhibitors in InhA
binding pocket are successfully proposed. The dynamic
behaviours in term of flexibility, conformation and the
inhibitor-enzyme interaction of the bi-substrate
inhibitors in InhA binding pocket were elucidated.
Consequently, the obtained results should suggest the
structural guideline for further design of the novel
inhibitors.

1. Introduction

Tuberculosis (TB) caused by Mycobacterium
tuberculosis (M. Tuberculosis) are leading causes of
the death in the world. In 2011, there are 8.7 million
incident cases of TB, 9 million new cases, 1.4 million
deaths from TB among HIV-negative people (990,000
among HIV-negative people and 430,000 HIV-
associated TB deaths) [1].

Enoyl-ACP reductase (InhA) is the important
enzyme of M. tuberculosis catalyzing the specific

reduction of the trans double bond of fatty acid
substrate in fatty acid synthase type Il (FASII) and
attractive target for anti-tuberculosis drug development
[2]. InhA has been identified as the primary molecular
target of isoniazid, the first line drug for tuberculosis
treatments. To inhibit the InhA, isoniazid is required
the activation process by KatG to generate bioactive
form [3]. However, the biological activity of isoniazid
was reduced by mutation of KatG and InhA active
pocket [4]. Accordingly, the designing and developing
new more potent anti-tuberculosis drugs for the
management of drug-sensitive and drug-resistant TB is
imperative.

Bi-substrate inhibitors, the structure based on a
covalent association between molecules mimicking the
InhA substrate and the NADH cofactor were designed
and developed to overcome isoniazid resistant. Several
compounds showed potential activity to inhibit the
InhA and promising antimycobacterial activities [5-7].
The inhibitory mechanism of these compounds was
proposed as the bi-substrate InhA inhibitors that might
be bound in the both of substrate and cofactor binding
sites. However, the action modes of these compounds
have not yet been investigated.

To study the binding modes and molecular
behaviour of the bi-substrate InhA inhibitor in the
InhA  binding site, Molecular dynamics (MD)
simulations was performed. The obtained results show
that the bi-substrate InhA inhibitor possibly bounds in
both substrate and cofactor binding site.

2. Materials and Methods

2.1 Bi-substrate InhA inhibitor/InhA complex

The bi-substrate InhA inhibitor/InhA complexes
used in this study were obtained by molecular docking
calculations using Autodock 3.05 program [8]. The
bi-substrate InhA inhibitor compound 6 was taken
from the literatures [5-7]. The inhibition percentage is




41% at 100 uM. The inhibitory concentration of the
bi-substrate compound 6 required for InhA inhibition
(ICsp) is 83 uM M. smegmatis and MIC with 156 uM
in M. tuberculosis and M. smegmatis.

O, CHs
Y

HO NH

X O

Z

N

Figure 1 Chemical structure of bi-substrate InhA
inhibitor compound 6

2.2 Simulation systems

Three simulation systems from the bi-substrate/
InhA complex are showed in Table 1, each solvated in
a water box of truncated cubic with Na" as counter
ions to neutralize the system. The GROMOS 53a6
force field was chosen and correctly applied to
represent the InhA, and SPC216 model was chosen to
represent water. Because of no such standard force
field for bi-substrate inhibitor and NAD" cofactor,
hence, the force field was calculated from
http://davapcl.bioch. dundee.ac.uk/prodrg.

Table 1: Summary of the molecular dynamics
simulations performed in this study

System

D Protein Ligand NAD® Solvent lon
1 InhA® 1 1 18,301 5
2 InhA? 1 - 18,324 4
3 InhA® 1 - 16,876 4

2PDB code : 1BVR
® PDB code : 21DZ

2.3 Molecular dynamics (MD) simulations

Energy minimization with 2,000 steps using the
steepest descent algorithm was performed for these
systems with all bonds constrained. To relative close
contacts before the full MD simulations, 200 ps
position restraining with LINCS constrains was
performed in the NVT ensemble at 300 K. For full MD
simulations, the Particle Mesh Ewald (PME) method
was used to calculate long-range electrostatics. A 10
cut-off for Lennard-Jones and a short-range Coulomb
interaction were employed. 10 ns full MD simulations
without position restrains were performed with
coordinates and energy of simulation systems saved at
2 ps.

3. Results and Discussion
3.1 Structural stability during MD simulations

The root mean square deviations (RMSD) as a
function of the simulation time of each complex with

respect to the starting structure were analyzed as
shown in Figure 2. RMSDs of all atoms of InhA in
three complexes, InhA/NAD*/Cpd.6 (substrate binding
site), InhA/Cpd.6 (substrate and cofactor binding site)
and InhA/Cpd.6 (cofactor binding site), reach the
plateau characteristic at 2.0 ns. These results indicate
that 8 ns unrestrained simulation is enough for
stabilizing the fully relaxed systems.

@)

(b)
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Figure 2 RMSD of all atoms of each molecule in
complexes of (a) INhA/NAD*/Cpd.6 (substrate binding
site), (b) InhA/Cpd.6 (substrate and cofactor binding
site) and (c) InhA/Cpd.6 (cofactor binding site)

3.2 Binding free energy

To gain quantitative insights into the affinity for
binding of the bi-substrate InhA inhibitor in the InhA
binding sites were evaluated by experimental and
linear interaction energy (LIE) method from MD
simulations as shown in Table 2. The experimental
binding free energy was calculated by equation 1 as
following;

AGeyp = RTIn[Activity] — ---—-- (1)




Where biological activity expressed in ICsy, R
represents the gas constant (1.988 cal/mol K), T
represents the temperature (300K), respectively.

The binding free energy based on LIE method can
be expressed by the following equation 2;

AGping = a[(Vi)bound = (Vidfreel ¥ ===--- 2
B[(VCL)bound - (VCL)free]

Where (V0j)poung = average LennardeJones energy
for ligand/solvent interaction; (V j)ee = average
LennardeJones energy for ligand/water interaction;
(McUbounds = average electrostatic  energy for
ligand/solvent interaction; (Vcl)me =  average
electrostatic energy for ligand/water interaction; o, =
scaling factors with oo = 0.22 and 3 = 0.18.

Table 2: Binding free energy form experimental and
LIE method of MD simulations

System Energy (kcal/mol)
Exp. -5.60
1 -4.15
2 -5.36
3 -2.51

Only the binding free energy of the bi-substrate
InhA inhibitor bound in both substrate and cofactor
binding site (-5.36 kcal/mol) shows a higher value than
that of substrate binding site (-4.15 kcal/mol) and
cofactor binding site (-2.51 kcal/mol), respectively.
Moreover, it is notable that the calculated binding free
energies of inhibitor bound in the InhA active site are
in the correct order as compared with the 1Cs, values.
The obtained results could be successfully used to
explain the binding modes of the bi-substrate InhA
inhibitor compound 6 in this study. Therefore, based
on the binding free energy calculated from LIE method
supported the bi-substrate InhA inhibitor bound in
both substrate and cofactor binding site is the biding
mode.

3.3 Structural flexibility during MD simulations

The root mean square fluctuation (RMSF) of the
InhA was calculated to reveal the mobile flexibility of
residues in InhA binding site. RMSF of these residues
are shown in Figure 3(a). RMSF of all atoms of the bi-
substrate InhA inhibitor compound 6 that directly
interacts with inhibitors were also calculated as shown
in Figure 3(b). In the InhA binding site, residues 20-
25, 93-100, 147-150, 155-161 and 192-199 are
surrounding the bi-substrate InhA inhibitor conpound
6. Figure 3(a) clearly depicts the different flexibilities
in the binding site of InhA whereas the bi-substrate
InhA inhibitor compound 6 is bound to their active
sites. All residues of the InhA binding site which
bound to the bi-substrate InhA inhibitors show a small
degree of flexibility, with the RMSF less than 2.5 A.
These results indicate that the residues are not flexible
enough to bind with the bi-substrate inhibitors. In

addition, the dynamical flexibility of all atoms of the
bi-substrate InhA inhibitor seem to be rigid with a
RMSF value less than 0.8 A.

(@)

(b)

Figure 3 RMSDF of (a) a-Carbon of InhA (b) bi-
substrate InhA inhibitor compound 6

3.4 Binding modes and binding interactions of the bi-
substrate InhA inhibitor compound 6 with InhA
complex

For a better understanding of the binding behaviors
of the bi-substrate inhibitors in InhA binding pocket,
MD simulations of the bi-subatrate InhA inhibitor
compound 6 was performed. Figure 4 shows the
binding mode of the bi-substrate InhA inhibitor
compound 6 obtained from MD simulations in the
InhA binding pocket which is beneficial to gain insight
into the binding modes of the bi-substrate InhA
inhibitor compound 6. It can be seen that the position
of 1-(3-Dodecyloxyphenyl)- 1-hydroxy-1,2-dihydro
pyrrolo [3,4-c]pyridin-3-one ring bound in the
substrate binding site and only phenyl ring and -
O(CH,)s- alkyl chain bound in cofactor binding site of
the InhA. Figure 5(a) shows the binding interactions of
the bi-substrate InhA inhibitor in the binding pocket.
In the cofactor binding site, phenyl ring was bound
electrostatic bond with Argl53. Phenyl ring and
thiomethyl group of Metl55 formed hydrogen-pi
interaction. Moreover, hydrophobic interactions
between phenyl and -O(CH,);- alkyl chain with amino
acid in the cofactor binding site; Ser20, lle21, Ala22,
lle25, His93, Ser94, Metld7, Adpl48, Phel49,
Val189, Alal90, Alal91, Gyl192, Prol93, Trp222,
Ala235 and Val238 were bound.

For the substrate InhA binding site, hydrogen bond
interactions between 1-hydroxy-1,2-dihydropyrrolo




[3,4-c]pyridin-3-one ring and amino acid; Tyrl58
(Nar---OH, 1.80 A), 11e94 (OH---NH backbone, 3.31
A) and Thr196 (=O---H, 1.87 A) were formed.
Additionally, hydrophobic interactions between 1-(3-
Dodecyloxy phenyl)- 1-hydroxy-1,2-dihydropyrrolo
[3,4-c]pyridin-3-one and amino acid; 1195, Gly96,
Phe97, Met98, Pro99, GInl00, Prol56, Metl61,
Arg195 and Met199 were bound.

Figure 4 the binding mode of bi-substrate InhA
inhibitor compound 6 obtained from MD simulations
in InhA binding pocket

(@) (b)

Figure 5 the binding interactions of bi-substrate InhA
inhibitor compound 6 obtained from MD simulations
in substrate and cofactor InhA binding pocket (a) and
substrate InhA binding pocket (b)

To compare the binding mode of the obtained bi-
substrate complexed with InhA system with the
bi-substrate/NAD+/InhA  system,  the  binding
interactions of compound 6 in the substrate binding
pocket was additionally described as shown in Figure
5(b). Only hydrogen bond interaction between OH of
the inhibitor and NH backbone of Met98 (OH---NH,
2.07 A) is still found, whereas crucial hydrogen bond
interactions between the inhibitor and amino acid
residues of Tyr158, 11e94 and Thr196 lost. The Van
der waals interaction of O of ether group of inhibitor
and O carbonyl of amide group of nicotinamide
(NAD"  cofactor) can be possibly formed.
Additionally, hydrophobic interactions between bi-
substrate compound 6 and amino acid surrounding the
binding pocket; Gly96, Phe97, Ginl100, Met103,
Met155, Prol56, Alal57, Tyrl58, Metl61l, Alal98,
Ala201, 11e202, Val203 and Gly204 were bound.
Based on the obtained results, it clearly indicate that
the bi-substrate inhibitor complexed with InhA system

is more preferable than that of the
bi-substrate/NAD+/InhA system,

4, Conclusions

The binding modes and molecular behavior of the
bi-substrate InhA inhibitor bound in the InhA active
site are successfully investigated by MD simulations.
Based on the binding free energies of three systems,
the bi-substrate inhA inhibitor bound in both substrate
and cofactor InhA binding. Hydrogen bond
interactions, hydrogen-pi interaction, electrostatic
interaction and hydrophobic interactions are crucial for
the binding affinity of this inhibitor in the InhA
binding pocket. Accordingly, based on the results
obtained from MD simulations should suggest the
structural guideline for further design of the novel
inhibitors with the prominent mechanism to inhibit
InhA leading to overcome the resistance of isoniazid.
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Abstract: Multi-drug resistant (MDR) and extensively
drug resistant (XDR) of M. tuberculosis are mainly
problems for tuberculosis treatment. With the aim to
develop novel anti-tuberculosis drugs, various
structurally different classes of direct InhA inhibitors,
diphenyl ether derivatives have been recognized as one of
the most successful family developed due to their
excellent against mycobacterial  strains.  These
compounds are directly inhibiting enoyl-ACP reductase
(InhA) of M. tuberculosis. To enhance the anti-
mycobacterial activity of diphenyl ether derivatives, the
requirement on the structural basis of diphenyl ether
derivatives prompts the research to find out. In this
work, 2D and 3D QSAR approaches, HQSAR, CoMFA
and CoMSIA, were applied to an extended series of 47
diphenyl ether compounds effectively inhibiting InhA.
The resulting QSAR models are reasonable based on
both statistical significance and predictive ability. The
results obtained from the graphic interpretation
highlight different characteristics for on the biological
activity of these compounds indicating that the derived
models are fruitful to discriminate structural
requirements of direct InhA inhibitors in class of
diphenyl ether derivatives. Based on our finding results,
various QSAR models aid to a better understanding of
structural requirements of diphenyl ether derivatives for
rational design with more potent direct InhA inhibitors.

1. Introduction

Tuberculosis is the leading cause of mortality from
a single infectious agent and is responsible for more
than 2 million deaths worldwide every year [1].
Therefore, there is an urgent need to develop novel TB
chemotherapeutic agents. The current front-line
treatment strategy utilizes isoniazid (INH), a pro-drug
which inhibits the synthesis of mycolic acids that are
essential components required for the integrity of the
bacterial cell wall [2]. INH inhibits InhA, the Fabl
enoyl reductase (ENR) in the fatty acid synthesis
(FAS-I1) pathway. However, before INH can inhibit

InhA, it must be activated by KatG, a catalase
peroxidase enzyme. The activated form of INH then
reacts with NAD" to form the INH-NAD adduct A
significant number of the strains resistant to INH arise
from mutations in KatG. [3]. Therefore, the
development of an InhA inhibitor which can bypass
this initial activation step should have activity against
INH resistant strains of Mycobacterium tuberculosis
(MTB). The diphenyl ether triclosan is a potent
inhibitor of ENR's from many organisms [4].
A series of alkyl diphenyl ethers that are potent
inhibitors of InhA against MTB have been developed
[5-7]. Importantly, the alkyl diphenyl ethers display
similar MIC values against INH-resistant strains of
MTB. To obtain the structural requirements crucial for
designing new and more potent InhA inhibitors in the
class of alkyl diphenyl ethers involving triclosans,
computer aided molecular design approaches using
molecular docking calculations and quantitative
structure activity relationship based on two-
dimensional quantitative structure-activity relationship
(2D-QSAR) using hologram quantitative structure
activity relationship (HQSAR) and three-dimensional
quantitative structure-activity relationship, 3D-QSAR
using comparative molecular field analysis (CoMFA)
and comparative molecular similarity indices analysis
(CoMSIA) were applied on a series of alkyl diphenyl
ethers derivatives.

2. Materials and Methods

Chemical structures and experimental biological
activities against of 47 diphenyl ether derivatives were
collected from the literature [8-10], presented in Table
1, where they are described to be determined under the
same experimental conditions. The biological activity
of these compounds for InhA inhibition were
expressed in terms of 1Csy values. For QSAR studies,
ICso values were converted as usual to the




corresponding log(1/1Cs). 40 compounds were used
as the training set and 7 compounds, (compounds
9,11,22,26,31,39,46) were taken as the test set in this
study, as shown in Table 1. All chemical structures of
these inhibitors were constructed using the standard
tools available in GaussView 3.07 program and were
then fully optimized using the HF/3-21G method.
Molecular alignment was performed by molecular
docking calculations using Autodock 3.05 program in
the InhA binding pocket (PDB code 2X23). CoMFA,
CoMSIA and HQSAR techniques using Sybyl 8.0
program were applied to the data set for the QSAR
study.

Table 1 Structure and biological activity of diphenyl
ether derivatives
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=
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OH R4
Ry R
Log
No Ry R, Rs R, (W1Cx)
1 cl Cl H Cl 5.96
2 Me cl H Cl 6.09
3 2H-tetrazol-5-yl Cl H Cl 5.00
4 COOH cl H Cl 5.00
5 C(O)NH, Cl H Cl 5.00
6 Ph cl H Cl 5.00
7 CHa(CeH11) cl H cl 6.96
8 Ethyl cl H Cl 6.92
9* Propyl Cl H Cl 7.04
10 Butyl Cl H Cl 7.26
11* CH,CH(CHs), cl H Cl 7.02
12 (CHa),CH cl H cl 7.20
(CH3),
13 CH,CH(CHjy) Cl H Cl 6.89
CHchg
14 2-pyridyl CN H cl 5.00
15 4-pyridyl CN H Cl 5.00
16 CHa(2-pyridyl) cl H cl 7.54
17 CHy(3-pyridyl) cl H Cl 7.38
18 0-CHs-Ph Cl H Cl 5.88
19 0-CH;-Ph CN H Cl 5.00
20 p-CHs-Ph cl H Cl 6.06
21 p-F-Ph Cl H Cl 5.00
22* CHzPh cl H Cl 7.29
23 (CHy).Ph cl H cl 7.67
24 (CH,)sPh Cl H cl 7.30
25 hexyl H H H 7.96
26* ethyl H H H 5.70
27 butyl H H H 7.10
28 pentyl H H H 777
29 octyl H H H 8.30
30 hexyl H H NO; 6.74
31* hexyl H NO, H 7.32
32 hexyl NO, H H 7.05
33 hexyl H H NH; 7.21
34 hexyl H NH, H 5.96
35 hexyl NH; H H 7.26
36 hexyl H H 5.81
37 hexyl NHCO H H 5.88
CH3
38 hexyl H H NHCO 5.63
COH
39* hexyl H NHCOCO H 6.24
ZH
40 hexyl NHCO H H 571
CO,H

41 hexyl H H N-isoxa 5.49

zole-5-car

boxamide
42 hexyl H N-isoxa H 5.91

zole-5-car
boxamide

methylpipe
43 hexyl H H razine 5.88
44 hexyl H methylpipe H 6.51

razine

* compounds served as the test set in this study
3. Results and Discussion

3.1 QSAR models

The molecular alignments for CoMFA and
CoMSIA method were constructed based on the
obtained molecular docking conformation. With the
RMSD less than 1 A of the obtained docking
conformation compared to the X-ray structure,
docking parameters used are validated to give the
conformations of each compounds served as the
molecular alignment in the QSAR study. The obtained
CoMFA, CoMSIA and HQSAR models are
statistically satisfied. The best QSAR model obtained
from partial least square (PLS) method is summarized
in Table 2. For 3D-QSAR, the CoMFA model
employing both the steric and electrostatic descriptors,
gives cross-validated correlation coefficient (g°) of
0.615 and non-cross-validated correlation coefficient
(r) of 0.971. For the CoMSIA model, only four
descriptors (steric, electrostatic, hydrophobic, and
hydrogen bond donor) can produce the satisfied QSAR
model with g% of 0.626. The best HQSAR model with
highly predictive ability value, (q° = 0.728) was
generated based on the combination of the different
fragment types, atom (A), bond (B), connection (C),
Hydrogen atom (H) and donor and acceptor (DA).

3.2 Validation of QSAR models

Satisfied correlations between experimental and
predicted biological activities of data set, based on the
best models of COMFA, CoMSIA and HQSAR, were
obtained. The graphical representations of correlation
between actual and predicted log(1/1Cs) values of the
training set and the test set predicted by the three
QSAR models are shown in Figure 1. These results
indicate that QSAR models show high predictive
ability for the training set, whereas the predicted
biological activities of the compounds in the test set
compounds are rather poor with r? value of 0.04, 0.02
and 0.31 for COMFA, CoMSIA and HQSAR models,
respectively.




Table 2 Summary of statistical results of COMFA, CoMSIA and HQSAR models

. Statistical parameters
Models  Descriptors 3 2p

q r N S SEE F Fraction
CoMFA SIE 0.615 0971 6 0.665 0.181 181.572 61.8/38.2
CoMSIA S/E/H/D 0.626 0.975 6 0.645 0.166 217.190 14.8/21.3/30.4/33.5
Models  Descriptors q° r? N S SEE  Bond length
HQSAR  A/B/C/H/DA 0.728 0.945 6 0.503 0.245 307

S, Steric field; E, Electrostatic field; H, Hydrophobic field; A, Atom; C, Connection; B, Bond; H, Hydrogen atom; DA, donor
and acceptor ; g%, Cross-validated correlation coefficient; r?, Non-cross-validated correlation coefficient; N, Optimal number
of components; s, standard error of prediction; SEE, standard error of estimate; F, F-test

substituent at this site would be beneficial for the
activity. For hydrogen bond donor contour maps, small
purple contour located at the R; subsituent indicated
that the subsituent R1with hydrogen bond acceptor
propterty would enhance the binding affinity. Cyan
contours located at the R3 substituent and hydroxyl
group indicated favorable hydrogen bond donor
properties. It clearly explains why diphenyl ether
derivatives possessing a hydroxyl group at the phenyl
ring A show promising their biological activities.

Figure 1. Plots between the experimental biological
and predicted biological activities from the best
CoMFA (a), CoMSIA (b) and HQSAR (c) models,
respectively.

3.3 Graphical interpretation of CoMFA and
CoMSIA contour maps
To gain insight into the structural requirement of
dipheny ether derivatives to design new highly potent
InhA inhibitors based on our obtained QSAR results,
CoMFA and CoMSIA contour maps were discussed.
Figure 2 show the CoMFA steric and electrostatic
field, and CoMSIA hydrophobic and hydrogen donor
fields in the InhA binding pocket, respectively. From
the CoMFA contour maps, steric field is represented
by green and yellow contour maps. Electrostatic field
is represented by blue and red contour maps. Green
contours near R; subsitituent phenyl ring A and R, of
phenyl ring B indicated that a bulky substituent at this
site would be favorable. In general, bulky R;
substituted  derivatives  exhibited  significantly
improved activities than that with small R; substituted
compounds. Yellow contours located at R, and R;
subsituent suggested that the small subsituents are
favorable. For electrostatic contour maps, blue
contours near R;, R,, R; and R, subsituent indicated
that electron donating group at the position is
favorable to improve the biological activity.
For CoMSIA contour maps, steric and electrostatic
contour maps were highly similar to the COMFA steric Figure 2 CoMFA and CoMSIA contour maps; (a)
and electrostatic contour maps. Therefore, only steric (b) electrostatic (c) hydrophobic and (d)
hydrophobic and hydrogen bond donor contour maps hydrogen bond donor fields
were discussed. The magenta contour near Ry, Ry, R3
and R, position indicated that a hydrophobic




Moreover, to get better insight into the interaction of
amino acid residues surrounding the binding pocket of
InhA enzyme and the inhibitors , the InhA binding
pocket was included in the CoMFA and CoMSIA
contour maps. At at the R; substituent attached to the
phenyl A ring, the large substituent with electron
donating, hydrophobic and hydrogen bond acceptor
properties are required for forming hydrophobic
interaction with Gly96, Phe97, Met98, Metl03,
Met161, 11e202 in the binding pocket. The hydroxyl
group at phenyl A ring is required for forming
hydrogen bond interaction with Tyr158, Lys165 and
nicotinamide ribose of NAD" cofactor. At the phenyl
ring B, the small group with the electron donating,
hydrophilic and hydrogen bond donor properties of the
R, substituent is required for interacting with 11215,
Leu218, Glu219 and Trp222. Small substituent with
electron donating and hydrophobic properties at the R
and R, substituents are required for interacting with
Phel49, Pro193, Alal198 and Met199.

3.4 HQSAR contributions

Molecular fragments of diphenyl ethers which
contribute directly to biological activity can be
visualized through HQSAR contribution maps. The
different contributions of all atoms in diphenyl ether
analogs to the biological activity are discriminated by
a color code. Negative contributions are represented in
red spectrum. Positive contributions are represented in
green spectrum. Figure 3 depicts the individual atomic
contributions to the activity of the high active
compounds 25 and 27. The hydroxyl phenyl ring A
shows positive contribution to the biological activity
of diphenyl ether derivatives. The bulky phenyl
substituent of diphenyl ether ring A of compound 25
shows the positive contribution which is corresponding
well to the COMFA steric contour.

Figure 3 The HQSAR contribution map for diphenyl
ether compound 25 and 27

4. Conclusions

The QSAR studies based on molecular docking
alignment were successfully applied to investigate the
molecular requirement of diphenyl ether derivatives.
Based on CoMFA and CoMSIA contour map
guidelines, compounds with the combination of
substituents of diphenyl ether derivatives should
display potential InhA inhibitors. These results
demonstrate that QSAR approaches are fruitful for
rational design and for possible syntheses of novel and
more active InhA inhibitors that might be next

generation of anti-tuberculosis agents to overcome
MDR and XDR of M. tuberculosis.
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Abstract: Diarylpyrimidines (DAPYs) are one of the
most commonly compounds for anti- HIV-1 RT as non-
nucleoside reverse transcriptase inhibitors. Moreover,
the DAPYs derivatives show potential activity in wild
type and mutant types. To evaluate the binding
interactions of the DAPYs to the HIV-1 RT and the key
structural features relating to activities of DAPYs,
molecular docking calculations and QSAR approaches
based on 2D and 3D-QSAR using HQSAR, CoMFA and
CoMSIA, are convenient tools to establish correlations
between activities and various molecular properties. Our
results indicate that hydrogen bond, interaction and
hydrophobic interaction play a key role in the binding
and probably also in its biological activity. Moreover,
QSAR models using the data sets of wild type HIV-1RT
are satisfying based on statistical parameters and
predictive ability. Graphical contour interpretations in
CoMFA and CoMSIA models indicate the structure
requirement to improve the activities of the DAPYs
derivatives. The contribution maps obtained from
HQSAR model were used to explain the individual
atomic  contributions to the overall activity.
Consequently, the obtained results suggest a structural
guideline more efficiently in the rational design of novel
compounds which will display a better potency against
wild type HIV-1 RT.

1. Introduction

Multi-drug therapy against the human immune-
deficiency virus (HIV), known as highly active anti-
retroviral therapy (HAART) [1], has drastically
reduced the morbidity and mortality of HIV-infected
patients during the last decade and slowed down the
progression of acquired immunodeficiency syndrome
(AIDS). Diarylpyrimidine (DAPY) analogues repre-
sent a class of highly potent non-nucleoside reverse
transcriptase inhibitors (NNRTIs), endowed with
micromolar to nanomolar activity against wild-type
(WT) human immunodeficiency virus type 1 (HIV-1)
and clinically relevant mutant HIV-1 strains [2].

Highly effective drug against wild-type and drug-
resistance of HIV-1 remains essential are required.

Diarylpyrimidine derivatives (DAPY) have been
proven to be a next generation of NNRTIs that are
extremely potent against both wild-type (WT) and
mutant type HIV-1 RT. Naphthyl diarylpyrimidine
derivatives are the novel class of DAPY inhibitors.
The antiviral and cytotoxicity evaluation indicated that
these compounds displayed strong activity against
wild-type HIV-1 at nanomolar concentrations. Further-
more, inhibitors exhibited activity against the double
mutant (K103N+Y181C) strains [3-5].

To understand the molecular requirement of a
novel class of DAPY derivatives, the computer aided
molecular design approaches based on molecular
docking calculations, and the quantitative structure
activity relationship based on 3D-QSAR (Comparative
Molecular Field Analysis, COMFA and Comparative
Molecular Similarity Indices Analysis, CoMSIA), and
the 2D-QSAR (using Hologram Quantitative Structure
Activity Relationship, HQSAR) were performed on a
series of DAPY derivatives to achieve the insight into
the inhibitor-enzyme interactions and structure activity
relationship of DAPY in wild-type.

2. Materials and Methods

2.1 Structures and biological activity of DAPY
derivatives

The structures and biological activity of DAPY
derivatives were taken from literatures [6-8] as shown
in Table 1. Figure 1 shows the general structure of
DAPY derivatives in this study. The biological activity
was expressed as log(1/ECsy), where ECsy is the
effective concentration of a compound required to
achieve 50% protection of MT-4 cell infected with the
HIV-1 wild-type virus.




