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ABSTRACT

TITLE : DESIGN AND SYNTHESIS OF NOVEL COUMARIN
COMPOUNDS FOR PLANT HORMONE CONTROLLED
RELEASE ACTIVATED BY LIGHT

AUTHOR : WITSANU SOMBAT

DEGREE : MASTER OF SCIENCE

MAJOR : CHEMISTRY

ADVISOR  : ASST. PROF. KITTIYA WONGKHAN, Ph.D

KEYWORDS : COUMARIN, PLANT HORMONE, PHOTORESPONSIVE

This study reported the synthesis of the photoresponsive coumarin series for
controlled releases of plant hormones and herbicides. The materials were designed by
varying substituted positions of long alkoxy side chains (-QC¢Hz3), introduced to gain
adhesive propertics on plant lcaves, in the coumarin core structure. The target
compounds were synthesized vie Williamson reaction, Pechmann reaction and
esterification, respectively. All chemical structures were characterized by '"H NMR,
BC NMR, FTIR, and mass spectroscopy. In addition, nanocmulsion of these
compounds were prepared by using PVA as a stabilizer and SDS as a surfactant. The
optimized condition was obtained by using 3 wt% PVA, 1 wt% SDS, and 0.2 wt% of
coumarin with a volume ralio of oil-in-water at 75:25. The particle size, wettability
and photolysis of nanoformulations were studicd. It was found that the obtained
nanoemulsion gave high physical stabilily with average particle diameter about
292-403 nm and expressed good wettability (contact angle 48-57°) on Cassia fistula
leal surface. Moreover, the contralled releases of plant hormones and herbicides from
photoresponsive compounds were siudied by irradiating under the specific wavelength
(365 nm) énd normal sunlight. Photolysis was monitored by UV-vis absorption and
emission. We found that the subsiiiuted position of the alkoxy group on coumarin
rings and substituted position of the carboxylate linkage on indoles also ellected a

photolysis rate.
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. CHAPTER 1
INTRODUCTION

1.1 Importance of research and development
A statistics in 2015 showed that the agricultural chemicals imported (o Thailand is
more than 150,000 million tons, valued at 19,000 million baht in Table 1.1 [1].

Table 1.1 Agricultural chemicals imported to Thailand in 2015

Amount Yalue ]
order  types i P
1 {million tons) {million Baht)
' 1 Pesticide 12.¢ 3,684.8
2 Fungicide 11.0 3,839.1
. 3 Herbicide 119.9 11,016.7
4 Acaricide 1.4 248.5
5 Rodenticide 0.2 54.4
6 Plant hormone 2.2 217.8
7 Mollussicide 0.2 11.41
: 8 Fumigants 1.4 2289
total 149.5 19,201.9

‘The most common chemicals were used in agriculiure such as pesticides, herbicides

and plant hormones are shown in Figure 1.1.

Petsticides and Herbicides
. CCl

oM, B
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Fungicides

. OMe

gtrobilurin A
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Figure 1.1 The common pesticides, herbicides fungicide and plant hormones




y Traditional direct fertilizer process (Figure 1.2) of agricultural chemicals is the

solution feeding by root which retains between 30-70 percent of chemicals applied. This
¥ significance impacts on the environmenta! system by leaching to the soil, groundwater
and runoff entering waterway. Mareover, enormous lasses of agricultural chemicals not
only affect productivity, but also increases the need to apply larger quantitics of chemical

inputs, thus further increasing the costs.

Figure 1.2 Traditional direct fertilizer process by The Chaipattana Foundation
Thus, through plant leaf feeding process in Figure 1.3 has been interested because

agricultural chemicals could be taken up through the stomata opening. This method not

only directs to plant system but also used a small amount of chemicals.

Cpen stomaie

Figure 1.3 Plant leaves feeding process by Melotto and coworker [2]




Recently, photoresponsive materials have been studied together with plant hormone
and herbicide that are chemically modified into the control release formulations (CRFs).
This feature is not only to increase the effectiveness of the active agents, but it also
facilitates minimizing the number of chemicals [3 | [4, 51.

Photoresponsive materials have been wtilized for controlled rcleasc of active
molecules such as peptides, herbicides, and PGRs [6-10]. Derivatives ol 2-{(dimcthylamino)-
S-nitrophenol [11], o-carboxy nitrobenzyl [12], 3-nitro-2-naphthalenemethanol [13],
p-hydroxyphenacyl | 14|, anthracenc-9-methanal [15], quinoline [16] and coumarin [17] were
reported. Among them, coumarin derivalives were preferred for caging bioactive molecules
due to their high extinction coellicient in the visible region, p.hdtochemical quantum yields,
hydrolytic stability and strong fluorescence properiies.

1.2 Aim of the thesis _

We envisaged a long chain hydrophobic tail of photoresponsive coumarins in which
hormone and herbicide were linked by conjugated cster linkage with light sensitive
property. ‘The ideal target of this study is to understand our photoresponsive coumarin
system crealed that could affect the release rate of active substrales and to formulate the
compound into the emulsion that could be utilized for agricultural application. Our
research work comprises three parts: (i) varied the position of a long chain hydrophobic
tail, (ii) varied the position of indole hormonc and (iii} varied the aromatic linkage
moiety. The target molecules are CM1-CMI2 (their structure shown in Figure 1.4).

1.2.1 To synthesize and characterize the molecular structure of the target
compounds by 11 and *C NMR, Fourier transforms infrared spectroscopy (FT-IR) and
mass spectrascopy (MS).

1.2.2 To study the nanoformulaiion of CM1-CM12 by dynamic light scattering
(DLS).

1.2.3 To study the wettability property of nanoformulation on plant leave surface.

1.2.4 To study the photolysis of nanoformulation under UV light and sunlight.
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CHAPTER 2
LITERATURE REVIEWS

2.1 Literature revicws

2H-chromen-2-one (coumarin) in Figure 2.1 is a phenolic derivative found naturally
in many plants such as sweet-clover, cinnamon, tonka bean, vanilla grass, and cte. The
compound is presumed o be produced chemical in order 10 proteci themselves from
plant predators. Coumarin is also used in the pharmaceutical industry as a precursor

molecule for the synthesis of numerous synthetic anticoagulant pharmaceuticals.

3

1
0. -0
5 - /3

5 4

Figure 2.1 Chemical structure and atumic numbering of coumarin

Photoresponsive based on coumarin derivative in agriculture has arisen. The
advantages of the material include [18]:

(1) Reduction in the quantity of active agent required to control pests and

diseases

(2) Reduced risk of environmental contamination

(3) Reduced energy costs, since the number of applications required is less than
for conventional formulations

(4) Improved safety of the individuals responsible for product application in the
field

(5) Removable from active carboxylates, alcohols, earbonyl groups, diols,

amines, etc. [19] by photo-controlled relcase (Figure.2.2) [20, 21].




aclive o
{shart

RO,

Controlled elease

RO & depradation o Sl

R = Long chain aliphatic earbon
(hydrophabic group)

Figure 2.2 Proposed bio-adhesive photo-responsive coumarin compound for light

controlled release system

In 2010, Hagen and coworker {22] introduced a variant of pholoresponsive courmarin

for protecting of a carboxylic acid, an amine, a carbonyl and a phenol, as it is shown in
Figure 2.3.

R!'=H or CH.N{CLLCO0E )

Figure 2.3 Structure of photoresponsive coumarin by Hagen and coworker

They found that the coumarin compound showed dramatically increased solubility

in aqueous solution and higher photolysis quantum yield in the case of photoprotected

" with cster compound. The coumarin caged compounds could be uncaged by irradiation
under UV light in aqueaus solution. Proposed photo-responsive coumarin compound

for light controlled release system shown in Figure 2.4.
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Figurc 2.4 Proposed mechanism of photo releasing coumarin linkage by Hagen

and coworker

In addition, Atta and coworker [21] developed a photoresposive coumarin with the
herbicide (2,4-D) in Figure 2.5. They found that photo release of these compounds
achieved by irradiating UV-vis light and also demonstrated the potential of the

photoreponsive not only to act as a delivery device but also to possess herbicidal activity

R 0.0 P
-OMe
= 5 -OCOCH,
Jd_o NHCOOEL
NH,
'NNICg
Cl | -NE'&

Figure 2.5 Structure of photoresposive coumarin with herbicide by Atta and

alier photorelease.

coworker

Furthermore, they monitored the course of photorelease of photoresponsive
using fluorescence (Iligure 2.6). The result showed that the fluorescence intensity of the

compound at regular intervals of irradiation in MeOH/HEPES {80:2(}) was decrease

when irradiation time increase.
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Figure 2.6 Emission spectra of photoresponsive coumarin after irradiated by

light

Moreover, thev also proposed the photolysis mechanism of photoresponsive
. compounds to release 2,4-D. This process occur via formation of an ionic intermediate

{coumarin-CHz") shown in Figure 2.7.

r 0.0 1 R : [ Q.0
E e
“ g . S ! o
. Me(dH/HEPES Cll i
(J\/'-‘D\ : o) % f 0 OH
e 0 i
£
Cl (|} 1
Lo o =k Cl C

Figure 2.7 Proposed (he photolysis mechanism of photorcsponsive compounds to

release 2,4-1 by Atta and coworker

Furthermare, Aria and coworker [23] synthezied carboxyl-containing auxin
hormones (indoleacetic acid and naphthoxyacetic acid) base on coumarin derivatives
the structure shown in Figure 2.8. Photolysis of these compounds by sunlight in both
aqueous ethano! and soil media resulted in the controlled release ol plant hormongs.
They (ound that the bioactivity experiments indicated all compounds showed better

enhancement in the root and shoot length growth of Cicer arietinum compared to free

plant horimones after sunlight exposure.
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Figure 2.8 Structure of photorespounsive with plant hormones by Atta and

coworler

To enhanced solubility properties of organic compounds, Haifei Zhang and
coworker [24] reported a generic method of water-dispersible organic nanoparticles by
freeze-dryving emulsions containing water-insoluble compounds (red oil) dissolved in a
volatile oil phase. They generated an oil-in-water (O/W) cmulsion using poly(vinyl
alcohol) (PVA) and sodium dodecyl sulphate (SDS) as stabilizer and surfactant,
respectively. They found that water-soluble materials present in the aqueous phase form
a porous solid support that dissolves rapidly on the addition of water to disperse the
nanoparticles (Figure 2.9). This technique has wide applicability because
nanoadispersions are a valuable alternative to molecular solutions. Water-insoluble
commercial biocides showed increased activity, suggesting the potential for decreased

application doses and lower rates of acquired bacterial resistance.

STy lntmmal-plkss
A o dropiet

— - Burfactant

23 Dissofved fekyamr
Slitieischd
il Qroplet
Organic.
gy

Figure 2.9 Organic nanodispersion after addition of water by Haifei Zhang and

coworker

Moreover, In 2011, Zhang and coworkers [25] reported the preparation of
nanoparticles vie an cmulsion-freeze-drying approach by in situ mixing within porous
poly(vinyl alcohol). Sedium dodecyl sulphate (SDS) was used as a surfactant to enhanced
solubility properties of a poorly water-soluble drug indomethacin (IMC). They found that




10

the IMC nanoparticles could be form stable nanodispersions in water by rapid dissolution
of the porous potymeric scafTold. This method might be regard as a general route to prepare

poorly water-soluble organic (drug) nanoparticles 1o enhance water solubility for potential

applications.




3.1 Chemicals

CHAPTER 3
EXPERIMENTAL

All the chemicals used in this thesis are shown in Table 3.1.

Table 3.1 Chemicals for the synthesis

Naz504

Chemicals FFormula Grade Manufacturer
1-Bromohexadecane C1gH3sBr 97% ACROS
Dichloromethane CH2Cl2 AR CARLO ERBA
2,4-Dichlorophenoxyacetic acid  CgHgCi203 98% Aldrich

: Ethyl 4-chloroacetoacetate CeHoClO3 98% ACROS
Hydroquinone CsHe(2 99.5% ACROS
Hexanc CHs(CH2:CHy AR CARLO ERBA |
Indole-2-carboxylic acid CioHoNO2 09% ACROS
3-Indoleacetic acid CicHoNO» 98% Aldrich
Indole-5-carboxylic acid CalI:NO2 98% Aldrich
Indole-6-carbaxylic acid CoHINOG:2 9R% Aldrich
Methanol CH30OH AR CARLO ERBA
Methane sulfonic acid CHaSOsH 99% ACROS
N,N-Dimethylformamide HCON(CHs)z AR CARLO ERBA
1-Naphthaleneacetic acid C2H:1002 95% ACROS
Poly(vinyl)alcohol [-CHaCIYOLI-]n 80% Aldrich
Potassium carbonate Potassium KOs 99% CARLO ERBA
iodide KT 99% CARLO ERBA
Resoreinol CsHsO2 99% AR SDFCL
Sodium dodecyl sulphate C12H2sNa(48 Q9% ACROS
Sodium hydrogen carbonate NaHCO3 8% CARLO ERBA
Sodium sulfate anhydrous 99%

CARLO ERBA
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3.2 Instruments and general chemical characterization techniques

1he F1-IR spectra were recorded by attenuated lotal reflectance (ATR) technique
using neat sample with a Perkin-Elmer Spectrum RX.I on Fourier transform infrared
spectrophotometer over the 550 - 4000 em’'. ‘I'he data of FIIR spectra are reported as
frequency (em™).

UV-Visible spectra were recorded in a | em path length quartz cell using a UV-2600
specirophotometer high resolution. The samples were dissolved in DI water and diluted 1o
a conceniration of 4 - 5%10% M,

'H and *C NMR spectra were performed in CDCls recorded on Bruker AVANCE 300
MHz spectrometer, using 1MS as the wnternal reference. Data for NMR speetra arc reported
as followed: chemical shift {4, ppm), multiplicity, coupling constant (J), (Hz) and
integratio.

Molecular weight of target compounds were measured by the high resolution mass
spectra which were recorded with the time of flight {TOF) mode on a Bruker MicroTOF
model by elecirospray 1omization lechniques (ESI).

Particle size and zeta potential were measured on dynamic light scattering (DLS)
particle size analyzer (Zctasizer Nano 23, Malvern Instruments Lid., Worcestershire,
UK). The mcasuring range of the Zetasizer Nano Z8 was 0.6-6000 nm, and the
measurcment fcmperature was set at 25 °C.

Contact angle were recorded with the “contact angle system QCA” (OCA40 Micro)

1w dosing volume and 1 pl/s dosing rate from DataPhysics Instruments Gmbl 1, Germany.
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3.3 Experimental section
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This experimental section part gives a summarized description of  the

photoresponsive coumarin CM1-CM12 study for controlled release of plant hormones

and herbicide. It is divided into three main steps. The first step is the photoresponsive

coumarin synthesis via Williamson reaction, Pechmann condensation, and esterification

reaction, respectively. The second step is the compounds characterization by 'TI, C NMR,

FT-IR and mass techniques. The last step is to study the formulation, particle size,

wettability properties and photolysis of the nanodispersion. The overall experimental flow

chart is shown in Figure 3.1,

Synthesis

Williamson reaction

e

Pechmann reaction

™ esterification reaction

Characterization

'H and "3C NMR

FI-IR

Mass spectroscopy

Nanafarmulation

Particle size

Weltabilily

Photolysis

Figure 3.1 Experimental chart model of this work




14

3.3.1 Williamson reaction

3.3.1.1 Synthesis of 3-(hexadecyloxy)phenol (1A)

HU\@/OH i-bromahexadecane C 3 Hzu: OH
—_—
NaHC O, McOH, \©/

resuegingl 655,24 h 14

Compound 1A was prepared by Williamson reaction, The mixture of
resorcinol (0.3 g, 4.5 mmol), 1-bromohexadecane (1.4 ml, 4.5 mmol) and sodium hydrogen
carbonate (NaHCOr) (0.8 g, 9 mmol) was hcated at 65 °C in methanol for 24 h. After cooling
down to room temperature, the reaction was exiracied with dichloromethane (DCM), dried
over NazS(y and evaporated to dryness. The residue was purified by column chromatography
using 40% DCM:hexane as eluent and solvent were removed by rotary evaporator to get the
white solid product (0.471 g, 31%).

Compound 1A: 3-(hexadecyloxy)phenol

(J\@/UH
I NMR (300 MHz, CDCla):
§ =7.12(,J=104, 1H, Ar-H)
6.48 (d,.J=8.1I1z, 111, Ar-H)
6.44 — 6.34 (m, 2H, Ar-H)
4.94 — 4.75 (m, 1H, OH)
3.92 (1, J = 6.5 H, 2H, OCH3)
1.87 1.67 (m, 2H, OCH:CH))
(41 -1.26 (m, 26H, (CIL)13)
0.88 (t,./ = 6.4 Hz, 3H, CII)
13C NMR (75 MHz, CDCL):
& =160.5, 156.6, 130.0, 107.5, 107.1, 102.0, 63.0, 31.9, 29.7-
29.2(11C), 26.0, 22.6, 14.1
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FT-1R (ATR):
vmax = 3447, 2915, 2848, 1595, 1180 cm™!
HRMS (ESI:
calculated for Ca2HagQ: [M+H'] = 335.2950 m/z
found [M+H"] = 3352952 m/z

3.3.1.2 Synthesis of 4-(hexadecyloxy)phenol (1B}

R UH |-bromchexadecacne OH
| 5.
NaHCO,, McOH,
HE ® i CeHys0
hydroquinane 658,24 1 1B

4-thexadecyloxy)phenol (1B) was synthesized using a similar route
as used for the synthesis of 1A, except the hydroquinone was used instead of resorcinol

to get the white solid product (0.379 g, 23%).

Compound 1B: 3-(hexadecyloxy)phenol

: ~OH
8

'H NMR (300 MHz, CDCl5):

o =6.76 (m, 4H, Ar-Il)
4.60 (s, 1H, OH)
3.88 (t, /= 6.2 Hz, 2H, OCH3)
1.87-1.68 {m, 2H, QCH.CH?>)
1.42-1.26 (m, 26H, (C/12)13)
0.87 (t,J= 6.1 Hz, 3H, CH3)
3C NMR (75 MHz, CDCls):
& =153.3,149.2,115.9(2C), 115.6(2C), 68.7, 31.9, 28.6-29.3(11C), 26.0,
22.6, 14.1
FI-IR (ATR):
vmax = 3434, 29016, 2849, 1513, 1231 cm’?!
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HRMS (ESI):
caleulated for CazHagy [M+H™] = 335.2950 m/z
found [M+H'] = 335.2950 mv/z

3.3.2 Pechmunn reaction
3.3.2.1 Synthesis of 4~(chloromcthyl)-7-(hexadecyloxy)-2H-chromen-2-one
(C1)

Cpflas® Q.0

Cy5Hy0 CH cthyl-4-chlorourewucelale
o e
CH;SO:H, CH,Ul;

1A 45 24 h €l

A mixture of 1A (0.2 g, 0.6 ml) in chloroform (3 ml) was slowly
added by ethyl-4-chloroaceioaceate (0.13 ml, 0.9 mmol) and methanesulfonic acid
(1 mL, dropwisely) at room temperature. The mixture was stirred at room temperature
overnight. The reaction was monitored by TLC and completed reaction was extracted
with dichloromethane, The combined organic extracts were concentrated on a rotary
evaporator and the residue was purified by column chromatography using 50% DCM.:

hexane as eluent. The solvent was removed by rotary evaporator to give the coumarin
product {0.132 g, 58%).

Compound C1: 4-(chloromethyl)-7-(hexadecyloxy)-2H-chromen-2-one

R N T e Ou 0
je
Cl
'H NMR (300 MHz, CDCls):
§ =755(d,J—88Hz, IH, Ar-H)
6.88 (d. /= 8.8 Hz, 1H, Ar-fi)
6.84 (s, 1H, Ar-H)
6.39 (s, 1H, =CH)
4.62 (s, 2H, -CH2 Cl)
4.02 (t,J= 6.5 Bz, 2H, OCl{y)




17

1.80 (m, 2H, OCH2(CH>)
1.46-1.26 (m, 26H, (CH>}13)
0.88 (t, J= 6.4 Hz, 3H, CH3)
BC NMR (75 MHz, CDCl3):
& =162.6,160.8, 1557, 149.6,125.0,113.0, 1124, 110.5, 101.7, 68.7,
41.3,31.9,29.6-28.9(11C), 25.9, 22.6, 14.1
FT-IR (ATR):
vinex = 2918, 2850, 1702, 1282, 769 cm’!
HRMS (ESI):
calculated for Caell4oClOs [M+117] = 435.2666 m/z
found [M+H'] = 435.2666 m/z

3.3.1.5 Synthcsis of 4-(chloromethyl)-6-(hexadecyloxy)-2H-chromen-2-one

1 H ] 2
o ethyl-d4-chloroaceracetats
b = . -
€1Hy0 CH;50;H, CHaCl; CygHs
1B 45°C, 24 C2

Cl

(C2)

Compound C2Z was synthesized using a similar route as used for the
synthesis of C1, except compound 1B was used instead of 1A to give the coumarin

product (0.155 g, 60%).

Compound C2: 4-(chloromethyl)-6-(hexadecyloxy)-2f{-chromen-2-one

L) 0
W\/Wom
e
'H NMR (300 MHz, CDCl3):

§ =730(d,J=9.0 Hz, 1H, Ar-H)
7.14 (d, J= 9.0 Hz, 1H, Ar-H)
7.08 (s, 1H, Ar-H)
6.58 (s, 1H, =CH)
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4.65 (s, 2H, -CILCl)
4.00 (t,J= 6.2 Hz, 2H, OCH>)
1.77 (mn, 2H, OCH.CH,)
1.66-1.10 (m, 26H, (CH2)13)
0.87 (1, J=6.3 11z, 311, CHs)
B3 NMR (75 MHz, CDCla):
§ =160.4,155.6, 149.1, 148.1,119.8, 118.3,117.7, 116.2, 107.8, 68.8,
41.3,31.9, 29.6-29.1(11C), 26.0, 22.6, 14.1
FT-IR (ATR):
Vimax = 2913, 2849, 1782, 1248, 734 cm’!
HRMS (FST):
calculated for CagHaoClOs [M+HT} = 435.2666 m/z
found [M+H*| = 435.2666 m/z

3.3.3 Esterification rcaction
3.3.3.1 Synthesis of (7-(hexadecyloxy)-2-0x0-2 H-chromen-4-yl)methyl
1H-indole-2-carboxylate (CM1)

AN Gl 0.0

Clehanth | 0.0 l{@ C{{O
\@L’j KL K0, DME J\,ﬁ
a g 4590, 241 o L@

Compound CM1 was synthesized by esterification reaction.

.7—Hexadecylcoumarin (C1) (0.1 g 023 mmol) was dissolved in dry N,N-

dimethylformamide (DMF) (6 ml}. Potassium iodide (0.02 g, 0.12 mmol), patassium
carbonate (0.064 g, 0.28 mmol) and 2-indolecarboxylic acid (0.037 g, 0.23 mmol) were
added to the solution. The resction mixture was stirred at 60 °C for 2 h and monitored
by TLC. After completion of the reaction, the crude residue was washed with brine and
extracted with ethyl acetate. The organic layer was dried over Na28Os and evaporated
under vacuum. The residue was separated by column chromatography using 50%
EiOAc in hexane as eluent to give white solid photoresponsive coumarin CM1 (40 mg,
24%%).
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Compound CM1: (7-{hexadecyloxy)-2-oxo-2H-chromen-4-yl)methyl 1 H-indole-

2-carboxylale

N\/“\/"\N‘\/W\/D 0 O
P
Y
6]
J\E@

'H NMR (300 MHz, CDCls):
§ =892(s, IH,NMH)
7.73 (d, J=82 Hz, 1H, Ar-H)
7.52-7.37 (m, 4H, Ar-H)
7.19(t,J = 7.3 Hz, LH, Ar-H)
6.88 (m, 2H, Ar-H)
6.47 (s, 111, =CH)
5.53 (s, 2H, -CHz-())
4.03 (1, J= 6.4 Hz, 2H, OCH>)
1.82 (m, 2H, OCH.CH:)
1.64 — 1.15 (m, 26H, (CH2):3}
0.87 (t. /= 6.9 Hz, 3H, CHj3)
BC NMR (75 MHz, CDCla):
5 =162.5,160.9, 155.6, 154.8, 143.9, 137.1, 127.5, 126.0, 125.9, 124 4,
122.9,121.1,113.1, 111.9, 110.4, 110.0, 101.7, 68.7, 61.3, 31.8, 29.9-
28.5(11C), 26.0,22.4, 13.9
FIL-IR (ATR):
Vinax = 3287, 2913, 2849, 1693, 1624, 1296 em™
HRMS (ESI):
calculated for CasHaeNOs [M+H"] = 560.3376 my/'z
found [M+117] = 560.3376 m/z
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3.3.3.7 Synthesis of (6-(hexadecyloxy)-2-oxo0-2 H-chromen-4-yl)methyl
1 H-indole-2-carboxylate (CM2)

2 G
L. 1D
O @ CigH3U R
1
- N
CyoHys 0 & KI, KoCO; DMF g ;
a2 L, 45°9C, 241

Cl CM2

Compound CM2 was carried out by simple esterification as follows:
6-hexadecylcoumarin (C2) (0.1 g, 0.23 mmol) was dissolved in dry NN-
dimcthylformamide (DMF) (6 ml). Potassium iodide (0.02 g, 0.12 mmol), potassium
carbonate (0.064 g, 0,28 mmol) and 2-indolecarboxylic acid (0.037 g, 0.23 mmol) were
added to the solution. The reaction mixture was stirred at 60 °C for 2 h and monitored
by TLC. Afler completion ol the reaction, the erude residue was washed with brine and
extracted with ethyl acetate. The organic layer was dricd over Na2SO4 and evaporated
under vacuum. The residue was separated by column chromatography using 50%
E1QAc in hexane as cluent to give white solid photoresponsive coumarin CM2 (78 mg,

44%).

Compound CM2: (6-(hexadecyloxy)-2-oxo-2//-chromen-4-yl)methyl 1/-indole-

2-carboxylate

TH NMR (300 MHz, CDCl3):
6 =898 (s, IH, NH)
7.73 (J,J - 8.1 Hz, 1H, Ar-H)
747 (d, /=83 He, 1H, Ar-H)
7.42 — 7.29 (m, 311, Ar-H}
7.18 (m, 2H, Ar-ID)
6.99 (s, 1H, Ar-H)
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6.66 (s, 1H, =CH)

5.55 (s, 2H, -CH2-0C=0)

3.98 (1,J=6.2 Hz, 2H, OCH:)

1.95--1.67 (m, 2H, OCH2C{/13)

1.36 {m, 26H, (CH2)13)

087 (L, J=46.5 He, 3H, CH3)
BCNMR (75 Mllz, CDCls):

& =16009, 160.6, 155.7, 148.6, 147.9, 137.2, 127.3, 126.1, 125.7, 122.8,
121.2,119.9,118.3, 117.4, 113.6, 111.9, 110.1, 106.9, 68.9, 61.4,
31.9,29.7-29.1(11C), 25.9, 22.6, 14.1

I'T-IR (ATR):
vinax = 3280, 2915, 2848, 1712, 1578, 1248 cm’!
HRMS (EST):
calculated for CasHasNOs [M+H"] = 560.3376 m/z
found [M+H"] = 560.3376 m/z

3.3.3.2 Synthesis of (7-(hexadecyloxy)-2-oxo-2H-chromen-4-ylymethyl

2-(1H-indol-3-yljacetate (CM3)

C;H3,0 Q. .0 l_ﬁiﬁm Ciel 1330\@?@
O = > 7 o
K1, K400, DMVE e
Cl 13°C, 24 h

0
(]
CM3

Compound CM3 was synthesized using a similar route as uscd for
the synthesis of CM 1, except 3-indoleacctic acid was used instead of 2-indolecarboxylic

acid to give photoresponsive coumarin CM3 (73 mg, 40 %).
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Compound CM3: (7-(hexadecyloxy)-2-oxo-2//-chromen-4-yl)methyl 2-(1//-indol

-3-yl) acetate

'H NMR (300 MHz, CDCla):
& =8.17(s, IH,NH)
7.62(d,.J=78 Hz, 1H, Ar-H)
7.39 (d, J— 8.0 He, 1H, Ar-H)
7.34 - 7.06 (m, 411, Ar-H)
6.80 (s, 111, Ar-f)
6.75(d,] =89 Hz, 15)
6.24 (s, 1H, =CH)
5.26 (s, 211, CH>-OC=0)
3.99 (t,J=6.4 Hz, 2H, OCH>)
3.92 (s, 2H, -CHz-C=0)
1.87 — 1.68 (m, 2H, OCH2CHz)
1.65 — 1.08 {m, 26H, (CH>)13)
0.87 (1, J= 6.3 Hz, 3H, CH3)
13C NMR (75 MHz, CDCl3):
§ =171.1,162.4,161.0, 1554, 149.2, 136.1, 127.0, 124.4, 123.2, 122 .4,
119.8, 118.6, 112.9, 111.3, 110.3, 109.8, 107.6, 101.6, 68.6, 61.5,
31.9, 31.2, 29.6-28.9(11C), 25.9, 22.6, 14.1
FT-IR (ATR):
vmax = 3396, 2916, 2852, 1723, 1698, 1620, 1300 cm!
HRMS (ESI):
calculated for C3aHygNQs [M+H"] = 573.3532 m/z
found [M+H"] = 573.3535 m/z
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3.3.3.8 Synthesis of (6-(hexadecyloxy)-2-0x0-2 H-chromen-4-yl)methyl
2-(1H-indol-3-ylacetate (CM4)

O._0
2- /
K1, K,CQy DMF C|5H330%NH
c2 45°C, 241 o

] o

%

CieH::0

Compound CM4 was synthesized using a similar route as used for
the synthesis ol CM2, excepl 3-indoleacetic acid was uscd instead of 2-indolecarboxylic

acid to give photoresponsive coumarin €CM4 (42 mg, 23%).

Compound CM4: (6-(hexadecyloxy)-2-oxo0-2H-chromen-4-yl)methyl 2-(1f-indol

-3-yDacetate

THNMR (300 MHz, CDCl3):
o =8.17(s, 1H, NH)

7.62(d,J="17.511z, 111, Ar-A)
739 (d,./=7.9 Hz, 1H, Ar-I])
7.24-7.13 (m = 3H, Ar-H)
6.84 (s, 111, Ar-H)
6.41 (s, 1H, =CH)
5.28 (s, 2H, CH-0OC=0)
3.94 (s, 211, CH>-C=0}
3.88 (t, 2H, OCH>)
1.76 (m, 2H, OCHCH>)
1.43-1.25 (m, 26H, (CH2)13)
0.88 (1,./= 6.4 He, 3H, CH3)
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BC NMR (75 Ml Iz, CDCla):
S =171.1, 160.6, 155.6, 148.7, 147.8, 136.1, 127.0, 123.2, 122.4, 119.9,
119.8, 118.6, 1182, 1174, 113.4, 111.3, 107.6, 106.8, 68.8, 61.3,
319, 31.2,29.6-29.1(11C), 25.9, 22.6, 14.1
FT-IR (ATR):
vmax = 3360, 2921, 2851, 1723, 1249 ¢m™
HRMS (ESD:
calculated for C3eHasNOs [M+H'] = 574.3532 m/z
found [M+H"] = 574.3533 nvz

3.3.3.3 Synthesis of (7-(hexadecyloxy)-2-oxo-2//-chromen-4-yl)methy] 2-
(naphthalen-1-yljacetate (CM3)

\ € Hi0
CaHsz0 3. .0 - W
\((" K, KaCU)3 DMF ™
o S 45, 24 h

<l _ CM5

Compound CM35 was synthesized using a similar route as used for
the synthesis of CMI1, except 1-naphthaleneacetic acid was used instead of

2-indolecarboxylic acid to give photoresponsive coumarin CMS. (82 mg, 48%).

Compound CMS5: (7-(hexadecyloxy)-2-oxo-2 H-chromen-4-yl)methyl 2-(naphthalene

-l-yl)acctatc

"H NMR (300 MHz, CDCl):

§ =798(d,J=8.0 Hz, 111, Ar-H)

7.85 (dd, J=18.4, 5.9 Hz, 2H, Ar-H)
7.65-7.49 (m, 4H, Ar-H)
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7.46 (d,.J= 4.3 Hz, 1H, Ar-H)
7.21{d,J=8.81lz 211, Ar-H)
6.78 (s. 1H, Ar-1)
6.71 (d..J = 8.3 Hz, 1H, Ar-£)
6.17 (s, 1H, =CH)
3.23 (s, 2H, CH>-0C=0)
4.21 (s, 2H, Ar-CH;-C=0}
3.99 (t,./=6.3 Hz, 2H, OCH?)
1.91-1.65 (m, 2H, OCH2C H>)
1.59-1.16 (m, 26H, (CHz2)13)
0.87 (d, /=68 Hz, 3H, CH3)
BC NMR (75 Mllz, CDCls):
§ =170.7,162.3,160.7, 1554, 148.8, 133.8, 131.9, 129.6, 128.8, 128 4,
128.2, 126.5, 125.9, 125.5,124.3,123.4, 112.8, 110.3, 110.1, 101.6,
68.6,61.8,39.0,31.9, 29.6-28.9(11C), 25.9, 22.6, 14.1
IT-IR (ATR):
~ Vimax — 2917, 2850, 1730, 1615, 1511, 1261 cm!
HRMS (EST):
calculated for C3sHaeOs [M+H™] = 585.3580 m/z
found [M+H"] = 585.3587 m/z

3.3.3.9 Synthesis of (6-(hexadecyloxy)-2-oxo-2H-chromen-4-ylymethyl
2-(naphthalen-1-yl)acetate (C¥6)

IICI

I= - H45 O
Oyl 0” ™ K1, K,CQ, DMT SIUEE |
2 A5°9C, 24 K
1 CM6

Compound CM6 was synthesized using a similar route as used for

R
o]
o)

the synthesis of CM2, except l-naphthalencacetic acid was used instead of

2-indolecarboxylic acid to give photoresponsive coumarin CM6 (130 mg, 47%).
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Compound CM6: (6-(hexadecyloxy)-2-0x0-2H-chromen-4-yl)methyl 2-(naphthalcne

-1-vDacetate

'H NMR (300 MHz, CDCl3):
6 =797(d,/=72Hz 1H, Ar-H)
7.94 —7.69 (m, 2H, Ar-H)
7.69 — 7.36 (m, 311, Ar-H)
7.25(d, /= 8.9 Hz, 2H, Ar-H}
7.08 (dd, J=89Hz, lH, Ar-H)
6.76 (s, 1H), 6.33 (s, |H, Ar-H)
5.25 (s, 2H, CH-0C=0)
421 (s, 2H, Ar-CH>-C=0)
3.82 (1, J = 6.2 Hz, 2H, OCIL)
1.83-1.57 (m, 2H, OCH2CH2)
1.51-1.15 (m, 26H, (CH2)13)
0.87 (t,J= 6.6 Hz, 3H, CH3)
3C NMR (75 Mllz, CDCls):
6 =170.7,160.4, 155.6, 148.3, 147.8, 133.8, 131.9, 129.6, 128.8, 128.4,
128.1, 126.5, 125.9, 125.5,123.4,119.8,118.1,117.3,113.8, 106.7,
68.7,61.5,39.0,31.9, 29.6-29.1(11C), 25.9, 22.6. 14.1

FT-IR (ATR):
Vmax = 2919, 2850, 1737, 1717, 1570, 1255 ¢m!
HRMS (ESI):
calculated for CssllawQOs [M: II7] = 585.3580 m/z
found [M+H'] = 585.3583 m/z
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3.3.3.4 Synthesis of (7-(hexadecyloxy)-2-0x0-2H-chromen-4-y])methyl
1 H-indole-5-carboxylate (CM7)

o]
HGJ\@ ol O 0
C o330 O, 0 N [ .
: 0!
328
= KL, K,CO4 DMF Gy 9
C1 45%C, 24 h

Cl M7 H

Compound CM7 was synthesized using a similar route as used lor

the synthesis of CM1, except indole-5-carboxylic acid was used instead of

2-indolecarboxylic acid to give photoresponsive coumann CM7 (55 mg, 34%).

Compound CM7; (7-(hexadecyloxy)-2-oxo-2H-chromen-4-yl)methyl 1/-indole-

S-carboxylate

'H NMR (300 MHz, CDCl3):

§  =8.50 (m, 211, NH)
7.97 (d, /= 8.6 Hz, |H, Ar-I])
7.51 (d, J— 8.6 Hz, 1H, Ar-H)
7.46 (d,J= 8.6 Hz, 1H, Ar-F)
7.32 (s, |H, Ar-I])
6.88 (m, 2H, Ar-H)
6.70 (5, 1H, Ar-H)
6.53 (s, 1H, =CH)
5.53 (s, 2H, CH2-QC=0)
4.03 {1, J = 6.4 Hz, 2H, QOCH>)
1.93-1.71 (m, J = 14.1, 6.7 Hz, 2H, OCH2CH>)
1.54 —1.10 (m, J= 63.6 Hz, 26H, (CH2)13)
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0.88 (1, = 6.3 Hz, 3H, CHj)
3C NMR (75 MHz, CDCls):

J =166.7,1624,161.2,155.5,1499,138.7,127.6,125.8,124.4,124 2,
125.5,120.7,113.0, 111.0, 110.6, 109.7, 104.2, 101.7, 68.7, 61.3,
31.9,29.6-28.9(11C), 25.9, 22.6, 14.1

¥I-IR (ATR):
Vmax = 3329, 2916, 1850, 1702, 1519, 1149 cm!
IIRMS (ESI:
calculated for CasIl4sNOs [M HHT] = 560.3376 m/z
found [M-++H'] — 560.3370 m/z

3.3.3.10 Synthesis of (6-(hexadecyloxy)-2-oxo-2/[-chromen-4-ylymethyl
1H-indole-5-carboxylate (CMBS8)

HO™ gy 0 O
0.0 ) i
o O l0” NN o
CH30 KL, ¥5C0; UMF
=
N
H

1 . 434,24 h
{1 CMS
Compound CM8 was synthesized using a similar route as used for

the synthesis of CM2, except indole-5-carboxylic acid was used instead of

2-indolecarboxylic acid to give photoresponsive coumarin CM8 (49 mg, 30%).

Compound CMB8: (6-(hexadecyloxy)-2-oxe-2H-chromen-4-ylymethyl 1{/-indole-

S-carboxylate




TINMR. (300 MHz, CDCl3):
& =851 (s, 111, Ar-H)
8.46 (s, IH,NH)
7.98 (d, /=9.0 Hz, |H, Ar-f))
7.46 (d, /= 8.6 Hz, 1H, Ar-H)
7.38-7.28 (m, 2H, Ar-H)
7.15 (m, 1H, Ar-H)
7.02 (m, 2H, Ar-H)
6.71 (s, 211, Ar-H)
5.55 (s, 2H, CH»>- OC=0)
3.98 (1,J/=6.4 Hz, 2H, OCH>)
1.97-1.65 (m, 2H, OCH>CH>)
1,53-1.05 (m, 26H, (CH2)13)
0.88 (t,/=6.3 Hz, 3H, CH3)
BCNMR (75 MHz, CDCls): _

& =166.7,160.8, 155.7, 149.4, 147.9, 138.7, 127.6, 125.8, 124.2, 123.5,
120.6,119.9,118.2, 117.6, 113.3, 111.0, 106.8, 104.2, 68.9, 61.2,
31.9,29.6-29.1{11C), 25.9, 22.6, 14.1

FT-IR {(ATR):
vinax — 3320, 2916, 2849, 1713, 1575, 1264 cm™
HRMS (ESI):
calculated for CasHaNOs [M+HT| = 360.3376 m/z
found [M+H"} = 560.3372 m/z
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3.3.3.5 Synthesis of (7-(hexadecvloxy)-2-oxo-2/I-chromen-4-y)methyl
1 H-indole-6-carboxylate (CM9)

o]

L'DJ\E% Cial 530, O 0
CeHsz 0 Q.20 et \@g
’ 9]
\@:g KI €,C0; DME
Cl

459,24 h
a CMY

HN 4

Compound CM9 was synthesized using a similar route as used for
the synthesis of CMI1, except indole-6-carboxylie acid was used instead of

2-indolecarboxylic acid to photoresponsive coumarin CM9. (41 mg, 25%).

Compound CM9: (7-(hexadecyloxy)-2-0x0-2H-chromen-4-yl)methyl 1 H-indole-

O O, .0

Y,
g
HM ‘/

6-carboxylate

lH] NMR (300 MHz, CDCls):
d =8.56(s, IH,NH)
8.24 (s, 1H, Ar-H)
7.88 (d,/=79Hz, IH, Ar-H)
7.70 (4, .J= 8.0 Hz, 111, Ar-H)
7.50 (d, J=8.3 Hz, lH, Ar-f)
7.43 (5. 1 H, Ar-H)
6.88 (m, 2H, Ar-1/)
6.64 (s, TH, Ar-H)
6.52 (s, 1H,=CH)
5.53 (s, 2H, CH2>-OC—=0)
4.02 (t,J=6.4 Hz, 2H, OCH>)




1.98 — 1.71 (m, 2H, OCH2CH>)
1.58 - 1.10 (m,.J=60.3 Hz, 26, (CH>)13)
0.88 (t,./= 6.3 Hz, 3H, CH3)

3¢ NMR (75 MHz, CDCLs):

8 =166.6,162.5, 161.2, 155.5, 149.8, 135.1, 132.1, 128.0, 124.4, 1223,
121.0,120.6, 113.7, 113.1, 110.5, 109.7, 103.2, 101.7, 68.7, 61 4,
31.9,20.6-29.3(10C), 28.9, 25.9, 22.6, 14.1

FI-IR (ATR):
vmux = 3413, 2916, 2850, 1715, 1698, 1520 c¢m™!
HRMS (ESI):
calculated for CasllseNOs [M +H™] = 560.3376 m/z
found [M+H"*] = 560.3370 m/z

3.3.3.11 Synthecsis of (6-(hexadecyloxy)-2-oxo-2H-chromen-4-yl)methyl
1 H-indole-6-carboxylate (CM10)

O

HOy
3 o
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m  Cpaliy0 o
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Compound CM10 was synthesized using a similar route as used for

the synthesis of CM2, except indole-6-carboxylic acid was used instead of

2-indolecarboxylic acid 1o give photoresponsive coumarin CVHL0 (33 my, 20%).

Compound CM10: (6-(hexadecyloxy)-2-oxo-2H-chromen-4-ylymethyl 1H-indole-6-

carboxylate




'HINMR (300 Mllz, CDCla):
6 =8.59(s, LILNH)
8.25 (s, IH, Ar-H)
7.89 (d, /=83 Hz, 1H, Ar-H)
7.71 (d,J= 83 He, 1H, Ar-H)
7.44 (s, 1H, Ar-H)
7.32(d, J=8.9 Hz, 1H, At-I])
14 (d, /= 8.8 Hz, 1H, Ar-H)
7.01 (s, IH, Ar-H)
6.70 (s, 1H, Ar-H)
6.64 (s, LH, =CH)
5.54 (5, 2H, CH»-0C—0)
3.97 (t,J = 6.2 Hz, 2H, OCH2)
1.95-1.7G (m, 2H, OCH»(U'H>)
1.56-1.10 (m, 26H, (C/2)13)
0.87 (t,J = 6.3 Hz, 3H, CH3)
BC NMR (75 MHz, CDCl3):
5  =166.6,160.8, 155.7, 149.4, 147.9,135.1, 132.2, 128.1, 122.2, 121.0,
120.6, 119.9,118.3, 117.5, 113.7, 113.3, 106.8, 103.2, 68.9, 61 .3,
31.9,29.6-29.1(11C), 25.9,22.6, 14.1
FT-IR (ATR):
Vmas = 3323, 2915, 2849, 1710, 1299 em™
HRMS (ESI):
calculated for CasHusNQs [M+H'] = 360.3376 m/z
found [M+H"] = 560.3377 m/z
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3.3.3.6 Synthesis of (7-(hexadecyloxy)-2-ox0-2H-chromen-4-yl)ymethyl
2-(2.4-dichlorophenoxy)acetate (CM11)

O >
; Tty 0, 0
o B 5 HO,U\_,U:@\ ety
3 6T i <l (8l 2 o
SN Kl K;CO; DME OJK,O
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Compound CM11 was synthesized using a similar route as used for
the synthesis of CM1, except 2,4-dichlorophenoxyacetic acid was used instead of 2-

indolecarboxylic acid o give photoresponsive coumarin CM11 (80 mg, 44%).

Compound CM11: (7-(hexadecyloxy)-2-ox0-2H-chromen-4-yl)methyl 2-(2,4-

dichlorophenoxy)acctate

1T NMR (300 MHz, CDCla):

§  =7.55-7.29(m, 2H, Ar-H)
7.14 (d, J=8.6 He, 1H, Ar-H)
6.94 — 6.66 (m, 3H, Ar-H)
6.31 (s, \H, =CI])
$.37 (s, 2H, CH2-0C=0)
4.82 (s, 211, OCH+C~O)
4.01 (1,.J= 6.2 Hz, 211, OCH;)
[.82 (m, 211, OCH2CHz)
1.55— 1.03 (m, J = 62.6 Hz, 26H, (CHz)13)
0.87 (t,.J = 6.6 Hz, 3, CH3)




B NMR (75 MHz, CDCl):
& =167.4,162.6, 160.6, 155.6, 152.0, 147.9, 130.5, 127.5, 124.3, 114.7,
113.1, 110.6, 110.1, 101.7, 68.7, 66.2, 62.1, 31.9, 29.6-29.3(12C),
28.9,25.9,22.6, 14.1
FT-IR (ATR):
vmax = 2918, 2830, 1767, 1710, 1610, 1227 ¢cm’*
HRMS (ESI):
calculared for CaqHasCLOs [M-I17] = 619.2593 m/z
found [M+H'] = 619.2593 nv/z

3.3.3.12 Synthesis ol (6-(hexadeeyloxy)-2-oxo-2H-chromen-4-yl)methyl
2-(2.4-dichlorophenoxy)acetate (CM12)

I Q. .0
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Compound CM12 was synthesized using a similar route as used for

the synthesis of CM2, except 2,4-dichlorophenoxyacetic acid was used instead of 2-

indolecarboxylic acid to give photoresponsive coumarin CM12 (38 mg, 32%).

Compound CM12: (6-(hexadecyloxy)-2-ox0-2H-chromen-4-yl)methyl 2-(2,4-

dichlorophenoxy)acetate

§) 0
NWUWO

0O
°
Cl Cl




'H NMR (300 MHz, CDCla):
§ =738 (IH, ArH)
729 (d, J=9.1 11z, IH, Ar-H)
7.13 (d, /= 8.8 Hz, 2H, Ar-H)
6.87 (s, 1 H, Ar-H)
6.77(d, /= 8.8 Hz, 1H, Ar-H}
6.49 (s, 1H, =CH)
5.38 (s, 211, CI;-OC=0)
4.83 (s, 2H, O-CI1-C=0)
394 (t,J— 64 Hz, 2H, OCH>)
1.95-1.70 (m, 2H, OCH:C{F)
1.67-1.04 (m, 2611, (CH2)15)
0.87 (t,J = 6.2 Hz, 3H, Cils)
3¢ NMR (75 MHz, €DCLs):
& =1674,160.3, 155.7, 152.0, 147.8, 147.4, 130.5, 127.5, 124.4, 119.7,
118.3,117.2,114.7, 114.4, 107.0, 68.5, 66.3, 61.9, 31.5, 29.6-
29.2(12C), 26.0, 22.6. 14.1
FT-IR (ATR):
vmex = 3216, 2849, 1758, 1720, 1573, 1242 cm™!
HRMS (ESI):
calculated for CyaHa4CLOs [M+H*] = 618.2515 m/z
found [M+H'] = 618.2510 m/z
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3.4 Preparation of photoresponsive coumarin CM1-CM12 nanoemulsion
Photorcsponsive compounds was dissolved in chloroform varied the concentration
of 0.15 - 0.25 wt.%. Poly(vinyl alcohel) (PVA) was dissolved in water to make aqueous
solutions the concentration of § - 5 wi.%. Sadium dodecyl sulfale (SDS) was uscd as a
surfactant and dissolved in aqueous PV A solutions at the concentration of ¢ - 53 wl.% to
form an oil-in-water emulsion. Then the photoresponsive solution was added into the
aqueous PVA-SDS solution drop wise while stirring at room temperature. The volume
ratio of oil phase to aqueous phase in the emulsions was 75:25.
3.4.1 Particle size and zeta potential analysis of photoresponsive coumarin
CM1-CM12 nanoemulsion
Measurements of particle size disiribution and zeta potential of
nanoformulation prepared from target photoresponsive coumarin were conducted after
the removal of chloroform. Measurements were done using a dynamic lipht scattering
particle size analyzer (DLS) by using 600 ppm of formulation.
3.4.1 Wettability properties of photoresponsive coumarin CM1-CM12
nancemulsion on the plant leaf surface
The contact angle analysis of 600 ppm photoresponsive nanoformulation
were studicd on the Cassia fistula leaves. The contact angle between droplet and plant
leave surlace were measured by contact angle and droplet size analyzer.
3.4.2 Photolysis of photoresponsive coumarin CM1-CMI12 nanvemulsion
A suspension of 200 ppm of CVI1-CM12 were irradiated under UV light
(365 nm) and sunlight for 7 hours daily for 5 days. The fluorcscence decay of
photoresponsive coumarin CM1-CM2 wcre monitored by UV-vis and fluorescence

spectroscopy.




CHAPTER 4
RESULTS AND DISSCUSSIONS

4.1 Synthesis and characterization of novel photoresponsive coumarin

The photoresponsive coumarins (CM1-CM12) were prepared by using 3 sleps
synthesis as shown in Figure 4.1, The first step is Williamson ether synthesis reaction
of resorcinol or hydroquinone with bromohexadecane to give 1A and 1B. The second
step, coumarin intermediates (C1 and C2) were synthesized by I'echmann cyclization
reaction of 1A or 1B. The last step is esierification reaction with plant hormones or

herbicide to give CM1-CM12.

' Step 1 Step 2
OH - ’ OH p O, .0
Ho kK = Williamson reaction g 0 = Pechmano reaction RO—J—\
1 - ] ]
L S = S ——— L
resorcinal fAvrlB ClorC2 o

or
hydraquinvoe

Step 3
Esterification reaction

Ay a 0
RO——
o
CMI-CML2 S
@m hnm&

or herb ic@y

Figure 4.1 Synthetic route of the photoresponsive coumarin
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4.1.1 Williamson ether synthesis reaction
The 3-(hexadecyloxy)phenol (1A) and 4-(hexadceyloxy)phenol (1B) were
synthesized by the Williamson ether synthesis ol resorcinol or hydroquinone with
1-bromohexadecane in the presence of sodium hydrogen carbonate as a base to get the
resulting 1A and 1B products as a white solid in 31% and 25% yield, respectively shown
in Figure 4.2,

4 Ol { -bromehexadecacnce . =4 o
Ho—— | g e S g R |
LS NaHO,, MeQH, S

659,24 h 1Aur 1B

Figure 4.2 Synthetic method of 1A and 1B

The mechanism of the Williamson reaction of resorcinol is presented in
Figure 4.3. The sodium phenoxide was generated by NaHCO3 and followed by ether
formation with hexadecyl bromide to obiain the target compounds as white solid. The
results showed low yields (~30%) of monosubsitituted as il can further form the

disubsitituted products with the recovery of resorcinol and hydroquinene.

BrM"
. /_:) o OH S A
Ho—Z | NaHC Oy B Nyl PR | | Oy
o 3 @ O— L"‘\\//

1
Fa - laoriB disubsilitues]

Figure 4.3 The mechanism of Williamson ether synthesis reaction

The chemical structure of 1A was confirmed by 'H NMR as it is shown in
Figure 4.4. The spectra in CDCl; showed the chemical shift at 7.12 (1H), 6.48 (1H) and
6.44 — 6.34 (2H) ppm assigned as proton of phenol ring. The chemical shift at 3.92 (2H,
OCH3), 1.87 - 1.67 (2H, OCH2(CH3), 1.41 -1.26 (26H, (Cll2)13) and 0.88 (t, /= 6.4 Hz,
3H, CHs) ppm were assigned as the protons of the hexadecyloxy group. 'be chemical
structure was confirmed by C NMR with 16 alkyl and 6 aromatic carbons (Figure A.1,

Appendix). Mass spectrum of the compound 1A showed the peaks at 335.2952 m/z is

assigned to M+H".
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Figure 4.4 'H NMR spectrum of 1A in CDCL

Similarly, 18 showed 37 protons of hexadecyloxy and phenol. Mass spectrum

showed the peaks at m/z 335.2950 assigned to M+H" (Figure A.3 and A.4, Appendix).

4.1.2 Pechmann reaction
‘The Pechmann reaction allowed to synthesize the coumarins by (he reaction
ol phenol derivative (1A and 1B) and ethyl 4-chloroacetoaceate, shown in Figurc 4.4.
The reaction was conducted with a strong Brensted acid (methanesulfonic acid,
CH3SOsH) (Figure 4.5) to obtain compound C1 and C2 in 58% and 60% yield,

. respectively.

[T

0.0
Cl =l
\)\)\O/\“ C gHasHO—— |

OH
7
CoHBO—— | R ol s =
2 CH;80511, CH,CTy

1A or1B 43°C, 24 h ClorC2 Y

Figure 4.5 Synthetic method of C1 and C2

The mechanism of C1 and C2 can be explained in Figure 4.6. The mechanism

involves the Friedel-Craft reaction under acid condition followed by rearomatisation.

The next step is the atrack of phenol to gencrate new coumarin ring by the climination

of E\OH and H»0O, respectively.
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Figure 4.6 The mechanism of Pechmann coumurin synthesis

The products were characterized by 'H, *C NMR and IR spectra. The 'H
NMR of C1 in CDCly show 9 signals af 39 protons (Figure 4.7). The two singlels signal
at 6.84 and 6.39 ppm were assigned as H® and H3, respectively. The two doublets signal
at 7.55 and 6.88 ppm were assigned Lo H* and HS, respectively. The [* showed in the
downfield region due to conjugation with carbonyl group. The coupling constant of H’
and H® was observed about 8.8 Hz. The singlet signal at 4.62 ppm (2H) was allyl
methylenc proton. The long alkyl chain was observed at 4.02 ppm (t, 2H), 1.92 ppm (m,
2H), 1.46-1.26 (m, 26IT) and 0.88 (1, 3H). The “*C spectra of this structure showed 26
carbons from 9 coumarin carbons, one signal of methylene group and alkoxy carbons.
Furthermare, C1 showed the [R peaks at 2,918 cm™ from C-H stretching, 1,702 cm™
form C=0 vibration of lactone, 1,282 em™ form C-O stretching and 769 em™ form
C-Cl signal. The molecular weight was confirmed by mass spectroscopy which showed

the peaks at m/z 435.2666 assigned 1o M+H" (Figure A.5 and A.6, Appendix).
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Figurc 4.7 'H NMR spectrum of C1 in CDCls

I NMR spectra of C2 in Figurc 4.8 gave 9 signals of 39 protons in molecule.
The alkoxy protons were found similar o C1, whereas the protons of coumarin core
chemical were observed as singlet signal at 6.58 ppm and doublet signal at 7.30 ppm
assigning as proton H' and H%, respectively. Moreover, the H?® and H’ were assigned to
singlet and doublet signals at 7.08 and 7.13 ppm, respectively. Mass spectrum showed
the peaks at 435.2666 (m/z) assigning to M~H" (Figure A.7 and A.8, Appendix).
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Figure 4.8 '"H NMR spectrum of C2 in CDCls
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4.1.3 Esterification reaction
The photoresponsive coumarins were successlully formed in Figure 4.9.
CMI1-CM12 were synthesized by esterification reaction of plant hormones with

coumarin C1 or C2 in the presence of potassium iodide (K1) and K2COy in dimethyl
formamide (DMF).

CMI1
24%
CM3
40%
CMS5
C)5Hz0 Pl Een, ; 48%
2 60 °C, 24h
1 Cl DMF : i

I/\/(,O
' CM7

0
|_"\_\> 34%

CM9
24%

3 HN
H.(:‘Jl"“"‘;I

D C|(,] 1330 R L a
B L a

LO,U\/O oy O
|l 4%
cl ~Cl

Figure 4.9 Synthetic route of photoresponsive coumarins (CM1-CM2)
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Figurc 4.9 Synthetic route of phetoresponsive coumarin CM1-CM2 (continued)

Figure 4.10 showed the mechunism of esterification. The carboxyl groups of
plant hormones and herbicide were deprolonated by base K2COs to form polassinm
carboxylate. The activated electrophile was induced by the adding of KI. Then, the

nueleophilic substitution was performed at active methylene carbon of coumarin.
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Tigure 4.10 The mechanism of esterification synthesis

The 'H NMR spectra of CM1 shown two singlet and two doublet signals at
6.47 (3), 6.87 (s), 6.88 (d) and 7.72 (d) ppm from H?, H¥, 11° and H°, respeetively. In
addition, indole protons denoted as HY, H", H*, H¥ and H” were found around 7.0-7.7
ppm as it is shown in Figure 4.11. The singlet signal at 5.53 ppm (2H) was allyl
methylene proton. The long alkyl chain was observed at 4.03 ppm (t, 2H), 1.82 ppm (m,
2H), 1.52-1.26 (m, 26H) and 0.87 (t, 3H).
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Figure 4.11 'H NMR spectrum of CM1 in CDCls
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Comparison of '"H NMR spectra of CM1 and CM2 in Figure 4.12, the singlet
proton of H? was shifted from 6.47 ppm to 6.66 ppm because of the low electron density
from alkoxy chain at position 6 on coumarin unit. In addition, H® of CM1 was observed
doublet signal al 7.49 ppm instead of singlet signal at 7.00 ppm for CM2. The singlet
signal at 6.87 ppm and doublet signal at 7.15 ppm of H® were assigned to proton on

CM1 and CM2, respectively. While indole protons showed similar 'H NMR pattern.
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Figure 4,12 'H NMR spectrum of CM1 and CM2 in CDCly

‘The chemical structure of CM1, CM7 and CMY were synthesized by using
C1 as coumarin core structure and varied substituted position of carboxylate on indole
ring; 2-indolecarboxylic acid, indole-3-carboxylic acid, and indole-6-carboxylic acid,
respectively. Therefore the 'H NMR spectra of these compounds in CDCls were shown
in a similar partern proton signals of coumarin core and alkoxy group. In aromatic region
as it shown in Figure 4.13, the €M1 appeared singlet proton of [1* at 7.36 ppm in low
ticld compared to CM7 and CM9 because of the effect of electron withdrawing
carbonyl group. In the same way, the singlet proton H* at 8.50 ppm of CM7 was
observed at lower low field compared to CM1 and CM9. Moreover, singlet proton of

CM9 (H”) was appeared at 8.24 ppm shown al lower ficld compared to CM1 and CM7.
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Similarly, the chemical structure of CM3, CM3 and CM 11 were synthesized
- by using C1 as coumarin corc siructure and varied aromatic unit with acetate linkage;
3-indoleacetic acid, 1-naphthaleneacetic acid, and 2.4-dichlorophenoxyacetic acid,
respectively. Accordingly, the spectra of these compounds in CDCl3 were shown similar
proton signal of alkoxy and coumarin core as mentions above. However, the spectra
appeared new singlet signal of 2 protons methylene of acelate linkage at chemical shift

3.92 ppm, 4.20 ppm and 4.81 ppm, respectively. Moreover, intcgration numbers of

yromatic protons were shown differently at aromatic region as shown in Figure 4.14.
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4,2 Nanoformulation and characterization of photoresponsive coumarin CM1-
CM12
4.2.1 Nanoformulation, particle size and zeta potential analysis
In this study, CM1 was used to study lhe optimized condition for
nanoformulation. The photoresponsive compound in chloroform solvent was emulsified
by using 75:25 of oil phase to aqueous phase with PVA as a stabilizer and SDS as a

surfactant.

Table 4.1 The result for optimization condition

Condition CMI PVA SDS Nanoformulation
{(wt) (wt%) (wi%) magc
1 0.15 0 5
2 0.15 2 5
3 0.15 3 5
4 0.15 5 0
5 0.15 3 1
6 0.2 3 1
7 0.25 3 1

The PVA and SDS werc dissolved the different concentrations {0 - 5 wt%} to

make aqueous solutions. The loading compound was studied by varving the
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conceniration 0.15 - 0.25 wt%. The preparation conditions arc shown in Table 4.1. Tt

was found that the use of PVA and SDS were crucial in order to obtain a stable

nanoemulsions. The pictures of condition ! and 4 showed the precipitation alter

formulation.

The study of PVA concentration was prepared by using 5 wt% SDS and

0.15 wit% loading. L'he results showed that using 3 wt% PVA gave a stable milky

solution without precipitate. Therefore, the reduced SDS concentrations were performed

with | wt% SDS. The homogeneous cmulsion alsa observed as shown in condition 5.

Then, the organic loadings were optimized which gave the maximum concentration at

0.2 wt% (in condition 6). Fram the nanoformaulation study, we summarized that the use

of 3 Wwi% PVA 1 wit% SDS and 0.2 wt% CM1 was an optimumn condition.

Table 4.2 Characteristics of the CM1-CM12 nanoemulsion

-24.5+0.1
-28.4 + 0.3
-29.8=09
2309+ 0.6
29508
0112
-25.04 1.0
21.7+0.8
244+ 0.4
27.4=0.8
257+1.1
27.0+0.7

i Compound *Mean particle diameter (nm) *Zata potential (mV)
CM1 321.7+ 5.1
CM2 346.7 + 6.1
CM3 378.6 5.6
CVvi4 389.5£6.3
CMS5S 368.6 £ 6.2
CM6 388.8=54
CM7 292.5+4.4
CM8 302.1+6.1
CM9 306545
CM10 311248
CM11 397.1+24
CM12 403.3 +5.0

* Values are given as means =+ standard deviation from two measurement was rutl in

triplicate




50

Particle size analysis of the nanoformulation were studied by dynamic light
seattering (DLS) in Table 4.1. The nanoformulation give average particle diameters
about 292.5-403.3 nm which was referred to as nanoemulsion [26].

The nanoemulsions showed the high negative charge values due to the stable
particles in the presence of sulfate anion [27], which were reported from zeta potential
values (Lable 4.1). On the other hand, there is no significant difference of zeta polential

values among the nanodispersions made from different target coropounds.

4.2,2 Contact angle measurement
The optimized CM1-CM 12 nanoemulsions at concentration 600 ppm on the
Cassia fistula leaf were investigaied. The wettability of nancemulsions indicaled a
strong hydrophobicity with contact angle less than 57°, compared with purc water (91°)
and PVA/DDS additive (73°) in Figure 4.15. The data showed no significant diffcrence

of contact angle values from various photoresponsive matcrials.
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additive (PVA/SDS) and nonaformulation photorespansive coumarin
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4.2,3 Photophysical properties of nanvemulsion
The photophysical properties ol nanocmulsions were investigated. [t was
found thai both CM1 and CM2 show a similar UV-vis absorption spectra (see Figure
4,16 (a)). Absorption spectra of both compound showed three maxima absorption bands
around 350, 300 and 250 nm. The first two peaks originated from coumarin

chromophore and the last peak {rom indole corc.
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Figure 4.16 (a) Absorption and (b) emission spectra of nanoformulation

photoresponsive CM1 and CM2

Whereas, the emission specira showed a blue shifted for CM1 compared to
CM2 (Figure 4.16 (b)). This result can be explained by description of frontier orbital
theory (DFT) calculation [28] (showed in Figure 4.17). We found that the lowest
unoccupied molecular orbital (LUMO) ol coumarin localized at position 7. Therefore,

alkoxy side chain {donating group) of CM1 gave a destabilization of the LUMO level

that affected to a wide energy gap.
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Figure 4.17 HOMO and LUMO distributions calculated for conmarin-chaleone
hybrids by Xue and coworker

The absorption spectra of varied positions On indole ring (CM1, CM7 and
CMY) showed the different intensities around 250 nm. The high intensity (CM7 and
CM39 in Figure 4.18 (2)) originated {from thc conjugartion of ester group likage and indole
unit. as shown in Figure 4,18 (b}, However all threc compounds gave similar emission

which occured from the emissicn of coumarin core,
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Figure 4.18 (a) Absorption and (b) emission spectra of nanoformulation

photoresponsive CM1, CM7 and CM9
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4.2.4 Photolysis of photoresponsive coumarin nanoemulsion

Irradiations of nanoformulation photoresponsive compounds in DI water with
specific wavelength (365 nm) and sunlight were followed. We also monitored the
photolysis bath 1UV-vis absorption and emission of CM1, Dala are shown in Figure 4.19
and Figure 4.20. The results showed that reduced intensities were observed with
increasing irradiation times. [t should be noted that the induced sunlight showed a
dramatically decreased within five days.

The mechanism of the photolysis of the photorcsponsive compounds initiated
by photo irradiation to cleave C-O bond at benzylic position was occurred via phato-
SN\ mechanism. The ion pairs of coumarinyl methyl carbocation and carboxylate anion
of plant hormone were formed (Figure 4.21). After that ion pair was trapped by watcr

molecule to yield 4-hydroxymethyl coumarin.
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Figure 4.19 Absorption spectra of CM1 under (a) 365 nm and (b) sunlight
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Figurc 4.20 Emission spectra of CM1 under (a) 365 nm and (b) sunlight
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Figure 4,21 Mechanism of the photolysis of photoresponsive coumarin (CM1-

CM12) to release plant hormonc and herbicide

The summarization of the photolysis rate of CMT1 is shown in Figure 4.22.
The resuit showed that only 30% hormone releasing under specific light (365 nm) within
five days. On the other hand, the saturated releasing (>60%) was detected under sunlight

condition oanly in three days.
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Figure 4.22 Phaotolysis cmission spectra rate of CM1 at 365 nm and under

sunlight

On the effect of alkoxy position in coumarin core on the release of plant
harmones, we found that the different substiluents at the 6-position and 7-position of
the coumarin moiety have great influence on the active compound ability release. The

fast photolysis rate of CM1 was observed with 35% (Figure 4.23). This result can be
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explained by the stabilized carbocation from alkoxy side chain as an clectron donor

group at position 7. The intermediates of CM1 and CM2 are shown in Figure 4.24.
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Figure 4.23 Photolysis emission spectra rate of CMI1 and CM2 at 365 nm
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Figure 4.24 The intermediates of the CM1 and CM2
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In the case of varying the positions of indole, the slow releasing ol plant
hormone from CM1 was observed compared with CM7 and CM9 in Figure 4.25. The
results can be clarified by the intermediate in Figure 4.26. The unstable carboxylate
anion was generated from negative repulsion of anion and lone pair electron on nitrogen
atom. Moreover, the phololysis ratc of CM7 was reduced compared o CMY because of

the unstable carboxylate anion.

indole-2-carboxylate S-indole carboxylate
part of CM1 part of CM7
c&.0
off
0 )
N - s I |
Y 'll N
LI/ A HMN-—

Figure 4.26 The electronic effect of the CM1 and CM7 intermediates




CHAPTER §
CONCLUSIONS

Novel photorespansive plant hormones and herbicide coumarins attached with a
long alkoxy chain (-OCieH33) to enhance adhesive property on the plant leaves were
successfully synthesized and characicrized. The target compounds were synthesized vig
three step reactions specifically Williamson reaction, Pechmann condensation, and
esterification reaction, respectively. All compounds were characterized by means of a1
NMR, 3C NMR, FTIR, and mass speetroseapy.

The nanoemulsion in aqueous solution was obrained by using PVA and SDS as the
stabilizer and surfactant, respectively. The optimized condition was 3 wi% PVA and
1 wt% SIS with sample loading of 0.2 wi%. The nanoemulsion showed a high negarive
zeta patential value corresponding 1o the stability with the particle size in a range of
292.5-403.3 nm. Moreover, the long alkoxy chain showed a beneficial with a strong
hydrophobicity which reduced the contact angle on the leaf surfacc to less than
57 degree.

‘The photolysis of nanoemulsions under speeific wavelength (363 nm}) and sunlight
were monitored by 17V-vis absorption and emission techniques. Form the result, we
found that the photolysis rate abviously depended on the substituted position of alkoxy
on coumarin ring and substituted position of carboxylale cster linkage on indele. The
efficiency of the photoresponsive compounds for relcase plant hormone would incrcase
as the alkoxy electron-donating character of the substituent at the 7-position of the
coumarin moiety showed higher value of photolysis compared to photoresponsive
coumarin with an alkoxy at the 6-position. In the case of various indole derivaiives, we
found that the electronic effect of 2-position carhoxylate on indole aflect to rate of

photolysis.
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Figure A.8 Mass spectroscopy of C2




— BE

CM1

N W N NP o

553

.08

il
&

481

—182

73

157

147

L ot L ] L I 'y L
g = g = 8§ s 8
"“_V_l_l_l—-l T T T T T T T v T T x T T T
0.0 85 : 5 a0 u5 L E] a0 a5 s 25 20 15 Ly 05
Fd Comu}
REER @ Z Bt AEHVERE ZARES = 2 i
gecgal ¢ @ o= dEEE 2L : Bue 3
Shiet A [ | SE T MY I I o |
I
; - . T T v . . : . T T r
160 10 140 130 120 §11] 100 0 a0 0 50 50 40 i 20
1 [ppm}
103
N A \ M
25| \ rﬁ\' r \ 1 T f ’
a0 32852 J H r LJ\ {\ |
a5 N \ I
[ )
BCH li
= =g
*®
7 ;70 y
dehy 12027
Bs —Tim
1205
B
551
1)
P ol
4L00 300 klaily 2500 2000 1590 0602 550

cm-1

Figure A.9 H, 3C NMR in CDCl; and ATR-FTIR CM1




74

Method tune_low_APCI_PEG.m Operator cTB
Sampla Name Instrnament micrOTOF-Q 1l 10414
Comment
Asquisition Parametsr
- SBource Type APCI lon Polarity Posilive Sat Nebulizer 1.4 Bar
Focus Blot aglive Set Capiltary 4500 v Sef Dry Haaler 200 °C
Scen Begin 50 miz SetEnd Plste Offcat  -6O0V Sel Dry Gas 8.0 Ymin
Ecen End 3000 mfz SetCollskn CeI RF 150.0 Vpp Sat Divent Valve Wasle
Inbers, +MAS, 0.4rmén #24)
x1o? !
5603376 i
1.04
0.8+
0.6
561.3399
0.4
" 559.3301
i 0.2
| % ; oy
6o : L - +— " ey

5590 5565 560.0 " 580,85 =61.0 5515 iz

Eruker Compese DataAnalvais 4.0 " orinted: B/1B/2017 B7F-A0 PM Bana 111

Figure A.10 Mass spectroscopy of CM1




75

0.0
= D N Tl P PN P o
¥
i
& &ho o - ol 3 - ey I [y
3 aifrpisamaeest K b 5838 Aesasy 3%
| el A N 1 bt febat A Y

L
s TR e Lo i By st
g g8y % A 5 5% i A
- T T T T 1 | g T T T T T T T T T T
85 8.2 75 7.3 8.5 0 a5 50 45 40 35 0 »s 24 15 18 s 00
. £1 [Bpm)
- 5 28 % 08 4 nEg¥sRcersn o z SEBERRnREE o
[ gz 4§ % A QEQQ:EEEEH: g g 3 ;m§§ﬁm&§£§1
AT | | NN A SN | | il fardeiat |
o i : : b 1
s i |
JJJ 1 | - _
SIS AR, T A T AR % 1 % T T L] T T T T T B = 3 T T L
170 150 1= 140 130 120 1:0 100 a0 7 50 s En, i El] 0 i
T pan)
1024
10GT— "~ e i,
e \\‘;/_Vﬁi '/—“' L\ fM.Fr l‘n ]q nﬂr
50 }j f \ ’ '“ N !
8 w2 ‘ # : :
a0
TEA !
i.
701
E = 15042
oo f
B0
55 oTe
SHH
48 ¥
_- A [Fa k]
Iﬁz ?&.65
4090 ET) annn 35CE 7000 1500 “we 1000 550

cm-1i

Figurc A.11 'H, ¥C NMR in CDCl: and ATR-FTIR of CM2




76

Mathad wne_low APGCL_PEG.m Operator CTB
Sampie Name Instrumant micrOTOQF-Q il 10414
Commeanlt
Acquisition Parametor
Sourge Type APCI Tor Palasity Pozitiva Set Nebulizer 1.6 Bar
Focug Nol adive 3¢t Capillary 4500V Set vy Healer o ik o
Sean Bagin 50 iz SedEnd Plate Qffset  -5D0 W Set Diy GGas 8.0 I'min
Scan End 3000 miz el Colligion Call RF 150.0 Vpp Set Divert Valve Waste
Irftens. 4 +M8, 0.8min #34!
x10d
1.25
E74.3535

1.0

0.75-

0.501

573.3450 RE9E
0.25-
5753512
N A o
200 L —_— e A ———
' 573 574 576 576 577 578 579 miz
Bruker Compgass DalaAnalysis 4.0 printed:  5/18/2017 3:50:57 PM Page 161

Figure A.12 Mass spectroscopy of CM2
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Figure A.16 Mass spectroscopy of CM4
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Figure A.18 Mass spectroscopy of CMS3
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Figure A.20 Mass spectroscopy of CM6
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Figure A.22 Mass spectroscopy of CM7
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Figure A.24 Mass spectroscopy of CMS
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Figurc A.26 Mass spectroscopy of CM9
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Figure A.28 Mass spectroscopy of CM10
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Figure A.30 Mass speetroscopy of CM11
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Figure A.32 Mass spectroscopy of CM12
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APPENDIX B

Photophysical properties and photolysis data
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Witsanu Sombat', Kitliya Wongkhan', Suwatchai Jarussophon®
and Rukkiat Jitchati'

1CJrgar'u::metalIil:: and Catalytic Center (OCC), Department of Chemisiry, Faculty of Science,
Ubon Ratchathani Univarsity, Warinchurnrap, Ubon Ratchatheni Province, 34180, Thailand

ZNational Nanctechnolagy Canter, Nalional Science and Technology Development Agency, 130
Thailand Science Fark, Paholyotnin Reoad, Klong Luang, Pathumthani, 12120 Bangkok, Thailand

‘rukkiat_p@hotmall com
Haywords: Photorasponsiva, Coumarin, [ndols, Auxin

Absiract. In this work, we designed and synthesized lwa photoresponsive matasials with
3-indoleacatic acid (LAA) plant hormone which can be monitered from the photoreposive properties
of coumarin. The varied position of the lang alkaxy §ide chain (-OC sHa3) was purpasely introduced
to adhesive an the plant leaves. Two coumasin-caged nanomaterials showed average parlicle
diameter about 400 nm and gave the maximum cmission wavelength at 425 and 450 nm. The
formulated nanoemulsion showed good wettability {3=48") with Cosvio fisinke leave surface.
Interestingly, CM2 gave the short photorespanse of photolysis within coc day.

2 [ntroduction

In 2015, a statistics showed that the imported chemicals to Thailand were more thaa
150,000 tons, valued at 19,000 millien baht [1]. Using pesticides and plant hormmones sre often
limited by adhesion resniting in huge losses of such active compounds, especiatly by doing several
repeatad foliate applications. in fact, more than 90% of sprayed insecticides and hormores last m
other destinmdons which wifected to environmental. Recently, nanc-encapsulated products.
especially for pesticides/plant hormones were claimed to meer the demands in that they enable
smaller quantities to be used effectivaly without much damage to the cnvironment [2-4]. Coumarin
is found naturally in many plants such as cinnamon, (onke bean, vanilla grass which has been used
a8 a precursor in the pharmaceutical and cosmete industry. Moreover, the coumarin chromophore
. has also been extensively studied as a phoiolabile-protecive group for carboxylates [5-7] which

could make a siguificant improvement on the agrochemical applications [8-11]. In 2012,
S. Atia et.al. studied a photareposive coumarin with JAA and naphthoxyacetic acid (NOAA). The
result showed that the bioaclivity of photoreposive coumarin showed better enbancement in the root
and shoot length prowth of Cicer arieiimmm after 10 days of sunlight exposure. Here in, we
gynthesized two photoresponsive materials (see Scheme 1) and studied the varied the position aof
alkoxy long chain coumarin (C16) in indole auxin hormone. The photo-responsive mechenism was

proposed in Fig. 1.
e Y 2 g
R
- {1{" -
OH

plamt hormane

Fig. 1. Proposed photo-responsive coumarin compounds controlied relegse system
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Schemie 1. Synthetic route of CM1 and CM2

Lol

Experimental

Masterials and methnds

All reactant and solvems were purchascd from commercinl spurces and used without further
purification, 'H and “C NMR spectra were recorded on a Bruker ARN300 NMR spectrameter.
Mass spectra were obtained vsing a HRMS mass spectrameter on a Bruker MieroTOF-Q I1. UV-Vis
sbgarption and fluarescence emission spectra were studied with Perkin Elmer UW-visible
spectrophotomerer. Fluorescence emission specwa were agquired with a Perkin Elmer fluorescence
spectropholometer (mudel  L§50). FT-IR spectra were recorded on a Perkin—Elmer RXI
spectrometer.

3-(hexadecyloxy)phenol (1A); resorcinol (0.5 g) was digsolved in metbanolic sodium hydroxide
{20 mL), Then t-bromohexadecane (1 eq) was added to the reaction mixture and refluxed overnight.
Completing reaction was foliowed by TLC and cxtracted with DCM. The combined organic
extraction were concenirated on rotwry evaporator and the residue was purified by column
chromatagraphy using 40% DCM: hexane as eluent and solvent was removed by rofary evaporator to
get white solid product {31% yield); "H NMR (300 MHz, CDCla) & (ppm) 7.12 (1, J = 10.4, 1H),
65.48 (d J= 8.1 Hz, 1H), 56.44-6.34 (m, 2H), 4.94-4.75 {mm, 1H}, 3.92 {1, ./ = 6.3 Hz, 2H), 1 87-1.67
(m, 2H), 1.41-1.26 {m, 26H), 0.88 (t, J — 6.4 Hz, TH), “C NMR (75 Ml1z, CDCls) d 160.5, 156.6,
130.0, 107.5, 107.1, 102.0, 68.0, 31,9, 29.7-20.2(11C), 26.0, 22.6, 14.1, FTIR v..m(cm"} 3447,
2015, 2848, 1595, 1180, HRMS cal. lor CaaHyeQa [MTI—IT, 334 2058, found, 3352952,

4-(hexadecyloxy)phenol (1B} was synthesized using a similar route to that of LA Exc.aPt that of
the resorcinol was replaccd by hydroguinone io get white solid product (25% yield), 'H NMR
(300 MHz, CDCL3) 5 (ppm) 6.76 (m, 4EL), 4.60 (s, 1H), 3.88 (1. J = 6.2 Hz, 2H), 1 87-1.68 (m, 2i1),
142-1.26 (m, 26, 0.87 (x, J = 6.1 He, 3HY, “C NMR (75 MHz, CDCL) & 1533, 1492,
115.9(2C), 115.6{2C), 64.7, 31.9, 29.6-29.3(x1IC), 26.0, 226, 14 1: FTIR vm(cm"} 1434, 2916,
2849, 1513, 1231; HRMS cal. for CZ2H3502 [M?Hr, 334.2950, found, 335.2950.

4-(chloramethyl}-7-{(hcxadecylaxy)-2H-chromen-2-one {2A); 2 mixtre of 1A (0.2 g) in
chloroform (2 rul) was slowly added by ethy] 4-chlorpacetoaceate (1.5 eq) and methanesulfunic acid
(1 mL, dropwise) al Toom temperaters, The mixture was stirred af room temperamee avernight,
Compleling reaction was followed by TLC and exiracted with dichloromethane. The combined
organic extraction were concentrated on rowary evaporalor and the residue was purified by column
chromatography using 40% DCM:hexane as cluent. The solvent was removed by rotary evaporator
to pive the coumarins product (60% yield), 'H NMR (300 MHz, CDCl3)} & (ppm) 7.55 (d, J =
8.8 11z, 1H), 6.88 (d, J = 8.8 Hz, 1H), 6:84 (s, 1H), 6.39 (s, 111}, 4.62 (5, 2H), 4.02 {, J=6.5 Hz,
2H), 1.50 {m, ZH}, 1 46-1.26 (s, 36H), 0.88 (1, /= 6.4 Hz, 3H); "'C NMR (75 MHz, CDCl;) J 162.6,
160.8, 155.7, 140.6, 1250, 113.0, 1124, 110.5, 101.7, 687, 41.3, 31 .9, 29628 3(11(C), 25.9, 22.6,
14.1; FTIR vandom™) 2018, 2850, 1702, 1282, 769; HIMS cal. for C26HCIO; [M+H]', 435.2666,
found, 4352666
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4-{chloromethyi)-6-(hexadecyloxy)}-2H-chromen-2-anc (2B} was synihesized using a similar
toute to that of 2A except compound 1A was replaced by IB tu give the conmarins product (60%
yield); 'H NMR (300 MHz, CDCly) & (ppm) 7.30 (d, / = 9.0 He, 1H), 711 (d, /= 9.0 Hz, 1H), 7.08
(s, 1H), 6.58 (3, 1H}, 4.65 (3, 2H), 400 {1, J = 62 Hz, 2H) 1,77 {m, 21T}, 1.66-1.10 {m, 26H), 0.87
(t..J= 63 Hz, 3H), Be NMR (75 MHz, CDCl3) 4 160 4, 1556, 1491, 148.1, 1198, 1183, 117.7,
116.2, 107.8, 68.8, 41.3, 31.9, 256-28.1(11), 26.0, 22.6, 14.1; FTIR v,,m{cm'l) 2913, 2849, 1782,
1248, 734 HRMS cal. for CagHanClOs {M+H']+: 435 2566, faund: 435 2666,

(7-(hexadecyloxy}-2-ox0-2H-chramen-4-yljmethyl  2-(3a,7a-dikydrg-1H-imjul-3-yl)acelate
(CM1}; 7-hexadecylcoumarin coupling with 3-indoleacctic scid (IAA) was performed in DMF,
Completing reaction was followed by TLC and exwacled by DCM. The combined arpanic
extraction were concenualed on rolary evaporator and the residue was purified by column
chromatography using 50-100%5 DCM:hexane as eluent. The solvent was removed by rolary
evaporator n get white solid coumarin-cage plant hormones CMIL. (30% yield), H VB
(300 MHz, CDCly) & (ppm) 8.17 (s, 1H), 7.62 (d, J= 7.8 Hz, 1H), 7.39 (d, ./ = 8.0 Hz, 1H}, 7.34-
7.06 (m, 4H), 6.80 (s, 1H}, 6.75 (d, J = 8.9 Hz, 1H), §.24 (s, 111}, 5.26 (s, 2H), 3.59 (1, J = 6.4 He,
2H), 192 (s, 21T), 1.87-1.68 {m, 2H), 1.65-1.08 (m, 26H), 0.87 (1, J —~ 6.3 Hz, 3H), ’C NMR
(75 MHz, CDCls) ¢ 171.1, 1624, 161.0, 155.4, 1492, 136.], 127.0, 1244, 123.2, 1224, 1198,
118.6,112.9, 111.3, 110.3, 109.8, 102.6, 101.5, 68.6, 615, 319, 31.2, 29.6-28.5(11C), 25.9, 22,6,
14.1; FTIR va(cm™) 3396, 2016, 2852, 1723, 1242; HRMS cal. for CiHaNOs [MHH]',
573.3532; found, 573.3535.

{6-{hexadecyloxy)-2-oxo-2H-chromen-d-yl)meibyl  2-{3n,7a-dihydre-1{I-indol-3-yl)acetate
{CM2) was synthesized using a similar route to that of CM excepr compound 2A was replaced by
2B 1o give coumnarn-cage plant hormmoney CM2 {23% yield). Il NMR (300 MHz, CDCl} 6 (ppm)
798 (d, J~ 8.0 Hz, 1H), 7.85 (dd, J = 18.4, 5.9 Hz, 21D), 7.65-7.49 (m, 4H), 7.46 (d, J = 43 Hp,
1H), 7.21 (d, J=8.8 ITz, 2IT), 6.78 (3, 1H), 6.71 (d, / = 8.3 He, 1FT), 6.17 (s, 1H), 5.23 (s, 2I1), 4.21
(s 2H), 3.99 (¢, / = 6.3 Hz, 2H), 1.91-1.65 (m, ZH), 1.59-1.16 (m, 26H), 0.87 (d, J = &.8 Hz, 3H),
C NMR (75 MHz, CDCls) d 1711, 160,6, 1556, 148.7, 1478, 136.1, 127.0, 123.2, 122.4, 119.9,
119.8, 138.6, 118.2, 117.4, $13.4, 1113, 107.6, 106.8, 68.8, 61.3,31.5,31.2, 20.6-20.1(11C), 25.9,
226, 14.1; FTIR viedem™) 3360, 2621, 2851, 1723, 1249; HRMS cal. for CaIIeNO;s [M-H[',
573.3532; found: 573.3533.

Results and Discussion

Synthesis of phataresponsive coumarin

{'wo coumarin-cage plani hormones (CM1 and CM2) wete preparcd as shown ia Scheme 1, The -
alkylation of resorcinol and hydroquinene with bromohexadecane in the presence of NaOII as a
base 10 give 1A and 1R, Coumarin intermediates (2A and 2B) were synthesized by condensation of
LA or 1B with ethyl-4-chloroacetoacetate in the present of methane sulphanic acid. Then, 2A end
28 were coupling with 3-indolcacetic acid (LAA] in DMF to give coumarin-caged plant hormones
(CM1 and CM2) in 40-50% yictd. The structures of CM1 and CM2 were characterized by 'H, "C
NMH, IR and mass techniques which showed good agreement with their struclures.

Preparation af naneemulsion
The equcous npnovmulsions of CMI and CM2 were formulated by using a mixwre of
poly(vinyileleobol {PVA) and sodium dodecyl sulfate (SDS) as the siabilizer and surfactants,
respectively. The pracess was exemplified using a model watcr-insoluble compound to obtained the
optimized ratio = 75:25 (0.2% CM1 or CM2: 1 wi% SDS sofution in 3 wi%e PVA). Analysis of the
naaodispersions by dynamic light scattering (DLS) are shown in Fig. 2. Hoth nanoemulsions give
average pardcle diameters about 400 nm.

109




Defect and Diffusion Forum Vol. 381 29
o
T
i ' - Farart I+ Chil
]
“U{ ie Pl '.f:"..ﬂ wroe
iz dem

Fig. 2. Dynamic light scaltering analysis of the nanoemulsion of farmulated CM1 and CM2

Wellability properlies of photoresponsive coumarin on the plant leave surface
The optimized CM1 and CM2 nanoemulsion an the Cassia fisfiie leave were investigated. The
wettsbility of CMI and CM2 indicates a strong hydrophobicity with contact angle of 48°, as show
in Fig. 3, compared with water {contact angle 217} and stabilizers (contact angle 73%),

Fig 3. Contacrangle aof samples drop on plant leave (Cuxvia fistula), a} water, b) PYA/SDS,
c) CML, and d) CM2

Photolysis of photoresponsive coumarin
A suspension of 200 ppm of CM1 and CM2 were irradiated under sun light for 7 hour daily for 5
days, The flucresence decluy of pholoresponsive coumarin CM1 and CM2 using [uorescence
speclroscupy were moimitored. Both €M1 and CM2 exhibited good fluorescence with maximum
emission wavelength at 450 and 425 nm for CM1 and CM2, respeclively [Fig. 4). The exemplary
change of CM1 and CM2 emission spectra after irradiation one day intervals are shown in Tig. 4(a)
and {0). The fluorescence intensity of CM2 dramaticelly reduced within only 1 day compare to that
CM1 . This result sugpested that the pasition of 6-alkoxy chain coumarin could be a resposible from

reactive coumarin core.
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Fig. 4, Fluoresence specaa of coumarin phomolysis; a) CM1 and b) CM2
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Canclusian

We developed two long alkoxy side chain (C16) photoresponsive with plant growth regulators by
varied the position in a coumarin care. Both coumarin-caged showed good fluprescence and their
nanodispersions gverage size was sbout 400 nm with pood hydrophilic properties. CM2 showed »
good photolysis characieristic within one day. This study could be a guideline for a design
photorespomsive materiab in agriculture in the fiuture.
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Coumaiin is fourd nalurally in mary glants such as cinnamon, ¥onka bean,
varlia grass which has been used ae o p in the pt dical and
shamatic  indsiry  Moraover, e eaumadR chremophoe has atsb been
orler sively 1hudied a5 3 photo protachive froad 180 Loyl A and il
might be & useful koal in pholc. ceriral Bd reiease systen wiith could maks &
slgnificant imp cn the agr Kens (Fig. 1) EIR

Certari plandd Ieavsd &8 wndwn to D h,ampmmc parr in ARture The use ef
peslicideadplanl segulated hormones & aflen Bnaited by ils adheson resulling
huge Iosng In fagl, more than 80% of sprayed insectickes ami horbicides raack
a cestingtion, including air. walar ant s8il Recenty, nang-encepsuiated prajucs
aepacially lor pesiicidesiplant hormanes-are claumed to mest B denands in that
ey snanie smaller quantifies I be used efactively wilhout ruch damage 1o ihe
eiwironmanb

2 m Do i ally bate caidem

Fig. ¥ Prgposet photo-responsive coumann compound Yoc lght controlied
N lase Systam

Tho pholoresporsive COuTaning with prant no mone {CM1, CBA2 and CM3 were

prepared as shcwn in 1ny on of tha m & {12 2 via
Q-alkylation 1 with 1 ana in Iha of ;G0 as the base.
T iR A
tw
";kE:Lnn LELY G‘m

cmd MR
Schenw 1 Synthed s of protorespanalve enumarn vt plant honnore

Coumarn inlennediales was synihagzés by Jogdensslion 2 end owmyl-3-
chinroneatoacetae in thy precent of methan swighenle ackd as cataiysl to yald G.
hexadetylsoumane. The esterficalion witn 3.noeiezcelic acld  (1A4), 2-
indalecarbazy|it acki {ITA) arg t-napinphasneacetic add (NAL] was pertarmed
in anen DME o ohe cage gant {CM1, CMI and CM3}
spdclivily i 39-50% ylekts. The swuttures o thees compounds wene
rhamciaized by H KM, 13C KMR, (R and mags 1achnigues which showed good
goreament with thelr sTuctunss,

AI targed eaumaring showed similar patterm of 'H MMIR, The example Jpects of
GM1 was showed in the Fig. 2. The resull showad thal e arometc protons
(10H} werz absa/vad aound 520 ~ 6.26 pom. Two singht sgnals al 5258
PRM{ZH} and 392 ppilzH] were Bssigren as beonzyl 2nd methyiane positions.
reggactivaly. The 1ang & kaxy side cnain protons (<00, Was found a 4.00
pacn[2H), .81 ppm(2H], 1.45-1,26 ppmi2EH) and 0.55 AAM{3H).

Fig. 2 '+ NP speetra of GRE In COGH,

The photophys-cal properties 0f CMY, CM2 and CM3 were iwesligatad. UWiVie
absorplon spechia clegrty showsd that have v SICNgG briensa absompticn hands
with maximum wavelength 35!0 fer and 260 Am (Fig. 3a). The long w‘zmelengm
ab=ampuan vand ¥ and el

was assigned a5 aromatc part of plam homene. Farhermare, lhe h:get
pcoumanins exh:bied guod with amEsian at
430 rm (Fig. 380

g e

T maiind | Isrrucmr b

bk

Fig. 2 {A)Absarption spacira and () EMigsinn spoctra of TM1, CM2 ol CMI
I chlarcfiorm ak recm tempe Btung

Vg syntheszed The nevel photorespongive maternl bosed an photo dulucted
naheal coumann core and cleavable egler bond wilh pant harmons  The
molecyled wire ahachod witt Ine long alkesy glda chain (Co,p which aliows o
adimsive on the surface of plant kavas, Tha target products are CMY, CH2 and
EM3 wich wera charactedzed by TH NMR, 2C NMR, IR snd mass tachniques.
The eampaunds apsarbed In the UV reglon with maxieam wavelanqin 350 nrn

and 280 nm and emitied 8long Nuonescenca with
450 rum. These molecules wit be swded the photolys's and wettablity in the
fulure, Witsaru Sombat wouit ke © acknowiedge thy financlel sueport frem
Eclence Achigvaniedl Sehoarskip of Thaksnd (SAST) The paorlal fnence

n fram Gtice of the bk gher Educalion Commission (DHED) under r2aearen
Hient 185725

HI R, Subramananm, ¥, Moo, ¥ L 5.¥. Qa0 W. SU0 8nd 5. MeIF: Tanahadton Lat vl €1 12010} P 525832 {ZIM Kan, 8. Jsuke, K. Tecs anc 1. Halmenmr Cesical Rewewe in Enveonmertal
Segnce sad TAChRCKDY (A1 [T 40 G Eao, G Fan, § Cheng, H. tu, 2 buand L, Zhu: J. Madae, Cham. Vol 22 (2012). 5 ARAL 4] S At0, A Jana, R. Anamine'slivhiaty, ad P. 3 M
OhJeep 4 Agne Faod Chern Yol 68 @000 g, 118449-11853,
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& NOVEL PHOTORESPONSIVE COUMARIN WITH PANT HORMONE

Coumarin is foimd noturally s many plants such az clanamon, torka bean, vanilla grass which has been wsed as a precurser n the
pharmaceutical and cosmelic induslry, Moreover, the coumarin chromophare hae alsa seen extersivoly shudled az & phoisiahile-pratective
yroup for carboxyialasil and # might be a useful tool in photo-controlled release syslam which could make @ signilteant Improvement on the
agrochemical apEicalieas (Figure 4.).&H

Certain plant leaves are known 1o be hydrophoble part in nature, Tha vae of pesticidesiplant hor |6 ofton [imlied by He adhesien
resuiting In Buge 1osing. in fact, more than 90% of aprayad insecticides wnd herhmdns reach = desiination, ineluding air, water and aoil.
Racently, nanc-encapsulated produats asg y far | 1 harmares are claimed to meet the demands in that they anahble smaller
quentities to be used sffectivaly without much ¢ ]

ted F

Al ~briaaml
4

tut.luz

Figure 4, Frapased pooto-respantive coumann compIeng tar Ighl conimdked

= Lor chaim &.iphatc cocbon
A SR e

Tha piholorespengive coumaring with plant hormone (CM1 and CM2} were
prepared a3 shown in Scheme 1 by canversion of the phenol derivative
(1A-1B) ta 2A-2B via O-alkylatlon 1418 with 1-bromohaxndaeane n the
presence o K00, a5 the bage.

RESULTS & DISCUSSIONS

relwaie syl

skt e |

Maorsiierd Pl s b

" AL W w g 51
k‘mm - s it ‘Cm ™ oane, M 5 3
Ll ® M o L)
- Tahetey) FIE] SRt it \\.
st n S
4 H L]
e e Bl
< CHEOH, Figurer 3. i) Abuoptivo spoeba cnd (BY Emigslon spoatra of SR and
Ry O ir chiorotrm Al foass b e
The photophysical properbes of CM1 and CM2Z ware investigatad.
UMiVia ohaprption spectra clearly shown thot bove two strorg
= irdetse abaofplion bancde witly naxinuen wava ength 250 am and 280
Folle, M. nm [Figure 3A.}. The ishg wavelenith aksorption bard corresponds
Tt ot H Anan ,..i...a.‘.."‘?h ': o in chromophoret: and zhord wersalength waes aseigned ae
~ s i aromatic part of planl hormone. Furtirermors, CM1 ancl oMz
‘g"\{‘}} T axhibited good fluorosocnoc with imum n gth at
vk ¢ b A0 and 450 nm, Fespachvaly {Flyure 38.).
e Lo e ks
CHE
Scheme 1. Svathesis ¢ phoborespensive colmsrinwith glam Hormone g (SRR e s
Coumarin intormediates (3A-38) were synd d by nondo 1 2A- }" o ;f'( \
28 and ethyk3-chloroacetoacetate in the present of malhan suiphonlc . LS
Acld aa canalyst m yleld 7haxadacyi-4-chloromathyl coumsarin{3A) and é- k. x W = 4w

hexadacyl-1-of | (A8} raspociivety. The eslarificatlon
with 3-Indu|em:atlc &oid FAR) was performed in dried OMF to give
coumatin-cana plant hormonzs {CM4 and GM2) In 40-38% yissas The
structures of these compounds wore chractarizat by "H MR, 5 NMR,
IR and mas: techniques: which showad pgood agreamant with Hheir
struciuraa.

Alltarget conmaring showed gimitar pattem of 'H NME. The axample
spacira of M1 was shown in the Figure 2.

.. Tha resuli shown that the
|.. armanatic protons {10H} were
L. ohaerven oround 820 — 626
ke ppm, Twe singlet mignals at
5.20 ppan {2H} and 2958 ppm
(2H) wers assigned ma henzyl
and melhy/ene posilions, Fhe
lang alkaxy skie chain profans
08, Myy) was found sl 3.88
gpm (2H], 1.76 ppm (2H], 1.50-
1.00 ppm (26H) and .88 ppm
{3H).

Cigure 2. "B NIER mpectrs of £087 1
CO,

ACHMOWLEDGEMENTS

y Anhl -

- ahlp of Thallard (SAST)
- Office of tho Higher Educalion Gommission {OHEC) under
reAenrch groant THE Y24

A1 . Bl oty . Xeke, ¥, U, Y. CLML W8 S0 wC 3. L, Tulr e LNL o1 0 3, 1 43
.
[3|H P B Esuna K, Tivda and T, Moknann -

Ncmang

Figiure 4, Dynonuc Hght ssatlening saiyin of 15: OM 1 and SHZ

The target compounds were formuislad an oll-inwater (OAN)
nanosmtiismn using volallle organic soivont oi! phase containing a
1 organie d and continuows agquegus phase
cenlaing A& mixture of stabltizers (woter-soluble polymer or
aurfackants). The process was exwpplified using = model water-
insoluble compaund, CM1 or OM2 dissolved in dichisromathane (0.2
witt) and poly{viny] alcohe! (P¥A) and sodiun: dodecyl sulphate
(3D5) dissolved in water (QVWV rabio = 75/25; 3 with PUA, 1 wils SRS}
Annlysls of the nanodlsperstons by dynamde lighl scattering {DLS)
showsd and avaraga particle diameter about 400 nm (Flgure 4.1

CONCLUSION

We aynihestzed the noval pholoresponeive materlal based an phato
dateoted naburat N ¢ore and ¢lesvabie eatar bond with plant
hermong. The matecules were aHachest with tho tang olkoxy slde
shain {C. ) whizh aliows to aghasive un Bhe surface of plant lKaves.
The target producls are CM1 and CMZ which wara charecterizad hy
1H MMR, G NMR, IR ond moos technlg The

abzorbad inthe UY regiar with max [rum waw!ength A0 rm and 230
nm aad emiitad sirang with

wavalangth 4 and 460 nm. The OLS of nenodisperslons showing an
average parlicha size aboul $80 nm. These malotules during studled
tha phatolyels and wattnallity.

FAI it D e G . Ermgrin P e, B Lt b 1 & i Ehutn, e, 372U, . BT,
B A o e B e # & . Gtuskenp 8 dgi Fend. Shere Vo B @O i 15340
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CQrganarmmtzilic ang Cara.l}myc Cemof(OCCJ Depamnenr af cham!‘str}c Famﬂy of Schenza,

Ubon Ralchainan Univd

Fravingg, 34190, Thaffand

‘E-mail mkmar_.@mmau Dm?

INTRODUGTION

The oran'c amira based such as ecslacy, melhamphstaming and fsismin hava
been known as he divg aluse proniem. g3

HACE‘O' ¥

“he converient, simple and cheap mathod for de.echn lhese aming drips |15
chamlcal cow reactcn (CCR) Howevar, thls mesnad (8 I7ied with less
AE0. Ty eamparad 1 ner metods, The chaiged Iddiumil) compleres hawe
Daen aewely e studied and wel known with the sirong ghotophysieat propedtics
Thea amission colar of ifdium(Ul) camplaens arz 4=0enTenl o4 e dloctures by
changivg e anciflany Foands [1] Wilh dvs infarmalion in hand, MU-D2, 5¥-11
ond W02 {#lg. 1) ware dosignae end synthesized which wars usad a5 crganis
amine cham-cal sansey.

L 1 Tom abuchess af alr L1arged iod ool cocplemss
SYNTHETIC METHODOLGGY
The synthene memou Ior ihe malged mdnun cornplax & cassilied 32 3 slope,
: The are o optain 2-phany:

pyﬂdlna i} (2, 2—phanm—4-nﬂ|uommmyl p‘,rnulne (L], 1.10-phapaniniiine-
5, Gwdlone (L3 IJlanﬂ 3.3 diearkoxytate (A 41,

J-_ b {;*j TERAG )_‘, Hanlm'“]
1;uqd|ukm|(:n e Sk, L)

P.'_g
,
Q::;__"b“a et Ty e

O T
f_nf;:} T LSS }_} -
LTSS Do e

2. Dimaric ewm(l!) synthesis The Ll con be ret by sefl

RESULTS AND DISCUSSION

The paolo praperies of chamical sengor using NU-DZ, SY-11 ant WE-02
were studieo by UY-W1S absopiian, 550w i Fig. 2-5,

gn.
I

[

z o X
B PP
Fia, & UV 2000m'on eocta ol 20007 MM Fig. 2 Lvie ssonanplion spocic oF HLLOS ar K4DF
mnwnnmmu‘,h CH.CN achrion onasr o 200087 M o GH,EH ol nxan
=i

Fij- 4 WhAie sseampiEn S350 0 W 5Y-H witf tha eddlon aaeEJukH, i CHCH kaiiar
unider 120 aq M {8T) &nd the reactan coisr ight].

—

Fig, 8 UV SSswRIEn et a1 200 A WE-02 Wik ha aazien of i-BeHH;, BeMH. EuM HaoH In
dieHmmrelene soulion (o @ e I e coler ik,

The chemical sensor was tested with n-Bulb; and HCI I CHLCH sciulians.
We feund that the reaction ufing SY-11 procsed faster than NULZ The

OF Col Kyancis and mehiorowadumilll} ir hydrale in 2-efoxyethand for 24 hrs.

i
uCy D - @;j _Ef‘i_"_-L.. E::EAN

Ro=k. D405

LIW;]E.U M= CF, D2 Pt

3. Charped salumi!} syohe sis: The reaclion prooeed very well in the refuxing
condition of N-I¥ Ilgande and dimeds Idalum complesmas.

i
& h l"‘

Al syrithatle Jums and Fidunlii; compluxas wore fully characierized by
*H. “C NMRand n'ass

hfion color changed from orange 10 yelow wilhin 30 ménulee svggssied a
formatan of new dwomapharn. This is evp ta the formaion of estar functional
araape from an amade afes e a0dTon of A-SuNH,. To prows Inat, we
synthesized and studied 1ke amide comphex (HM-0T) The result confirmed bat
KT shows significomly e ehifed compaied with MU-82 [Fig. 3). In
anafjen, the chemical sensor was modfiod 1o WE-O2 which 5 mara jenciie
than U2, The shedy show Hal WE-DF can o& & 1anscr with theee kinds of
giganic aming (0-BulH,, BuMNH and Bu M} and MalH in dichloromethane with
immedisely coor changed (30 sec), see Fig. &,

CONCLUSIONS AND ACKNOWLEDGEMENTS

Tne ical sansor of ¥ with the repctive iidiamilll)
AN ba 9y i The Hion sekor was f d with UV-VFS absurpihn
&N¢ ke oye. The raacuon supgosies B 4 of naw cf X

adaftion, the reactive W02 wis davaldpes WwiCh Was usad a sansng mmnllul
with thiea organic emines erd NeQH. Thle #iudy coukd be 8 bendfit SYEeM
detsft vadaus kypes of narnlc dougs in the Ruture. Tha aulbors would Bke by
schnowiadae the Tnanckat suppor Tom the Nefitns Ressarch Councll of -
Thallunu (NRCT} undw l;iﬁi-l’\‘:h gr?sqg‘f:cr-zssmnmw-l and Science
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