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Figure 15  Absorption spectra of 2x10° M of commercial dibenzoylmethane (DBM),
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Abstract:

Various cyclodextrins, alpha, beta and gamma, were esterified with 4-methoxy-,
2,4,5- and 2,4,6- trimethoxycinnamic acids. Upon esterification with beta-cyclodextrin,
the photostability of 2,4,5-trimethoxycinnamate increased while no improvement was
observed for 4-methoxycinnamate and 2,4,6-trimethoxycinnamate. However, increase in
the photostability of 4-methoxycinnamoyl moiety could be observed when esterified with
alpha-CD and that of 2,4,6-trimethoxycinnamoyl moiety could be observed after being
esterified with gamma-CD. These photostability data together with the 2D-NMR
analyses indicated that the 4-methoxycinnamoyl, 2,4,5-trimethoxycinnamoyl and 2,4,6-
trimethoxy cinnamoyl moieties could enter the alpha-CD, the beta-CD, and the gamma-
CD cavities, respectively. Moreover, nine cinnamate derivatives were esterified with 2-
ethylhexanol. The UV-profile of these nine cinnamates derivatives show absorption in
UVB region. The photostability test indicated that all meta substituents show more
stable than para-, and ortho- substitution, respectively. The cytotoxic test against human
cancer cells was studied. As a result, all parent cinnamic acids show less toxic than
cinnamate derivatives probably due to more polarity of cinnamic acids could not
penetrate into cell membrane as well as less polarity of 2-ethylhexyl moiety of
cinnamates. In addition, cinnamate with hydroxyl group display less toxic than other

electron withdrawing groups.
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Abstract:
Various cyclodextrins, alpha, beta and gamma, were esterified with 4-methoxy-,
2,4,5- and 2,4,6- trimethoxycinnamic acids. Upon esterification with beta-cyclodextrin,
the photostability of 2,4,5-trimethoxycinnamate increased while no improvement was
observed for 4-methoxycinnamate and 2,4,6-trimethoxycinnamate. However, increase in
the photostability of 4-methoxycinnamoyl moiety could be observed when esterified with
alpha-CD and that of 2,4,6-trimethoxycinnamoyl moiety could be observed after being
esterified with gamma-CD. These photostability data together with the 2D-NMR
analyses indicated that the 4-methoxycinnamoyl, 2,4,5-trimethoxycinnamoyl and 2,4,6-
trimethoxy cinnamoyl moieties could enter the alpha-CD, the beta-CD, and the gamma-
CD cavities, respectively. Moreover, nine cinnamate derivatives were esterified with 2-
ethylhexanol. The UV-profile of these nine cinnamates derivatives show absorption in
UVB region. The photostability test indicated that all meta substituents show more
stable than para-, and ortho- substitution, respectively. The cytotoxic test against human
cancer cells was studied. As a result, all parent cinnamic acids show less toxic than
cinnamate derivatives probably due to more polarity of cinnamic acids could not
penetrate into cell membrane as well as less polarity of 2-ethylhexyl moiety of
cinnamates. In addition, cinnamate with hydroxyl group display less toxic than other
electron withdrawing groups.
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Lgﬂﬁﬁiﬂﬂ 1aN1Ae 2,4,5-trimethoxycinnamic acid e 2,4,6-trimethoxycinnamic acid il
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1) 2-hydroxybenzaldehyde (Acros)

2) 3-hydroxybenzaldehyde (Acros)

3) 4-hydroxybenzaldehyde (Acros)

4) 2-nitrobenzaldehyde (Acros)

)
)
)
)
5) 3-nitrobenzaldehyde (Acros)
6) 4-nitrobenzaldehyde (Acros)
7) 2-fluorobenzaldehyde (Acros)
8) 3-fluorobenzaldehyde (Acros)
9) 4-fluorobenzaldehyde (Acros)
10) malonic acid (Fluka)
11) pyridine (Acros)
12) piperidine (Sigma)
13) alpha-cyclodextrin (Aldrich)
14) beta-cyclodextrin (Aldrich)
15) gamma-cyclodextrin (Thai Isekyi)
16) 4-(dimethylamino) pyridine (DMAP) (Sigma)
17) dichloromethane, ethylacetate, hexane, pentane, methanol, ethanol,
dimethylsulfoxide, N,N-dimethylformamide (AR grade, Labscan)

18) 2-ethylhexanol (Fluka)

19) conc.HCI (Acros)

20) Lithium bis(trimethylsilyl)amide (LIHMDS) (Acros)

21) 2-hydroxybenzoic acid (Acros)

22) 3-hydroxybenzoic acid (Acros)

23) 4-hydroxybenzoic acid (Acros)

24) 4-tert-butylacetophenone (Acros)

26) oxalylchloride (Acros)

27) Sodiumhydroxide (Acros)

28) chloroform-d (CDCI5) (Arenda)

29) dimethylsulfoxide-dg (DMSO-d,) (Arenda)

)
)
)
)
)
)
25) 4-bromoacetophenone (Acros)
)
)
)
)
30) dueteriumoxide (D,O) (Arenda)

11
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a ~ ¢
2.2 lﬂiad“allagil!ﬂflim

—_—

Thin-Layer Chromatography

VARIAN"™ INOVA 400 mHz Nuclear Magnetic Resonance (NMR)

A W0 N

)
)
) Perkin Elmer, DSC 7 Differential Scanning Calorimeter
) UV-Vis spectrophotometer (Perkin-Elmer, CT, USA)

)

5) quartz cell (light path 10 mm)

A5N1INAaaY

% '3 o 3 a
2.3. MIFILATIRDUNHINTATUWIAN
é’omi’]zﬁmgﬁufnw%umﬁﬂ lasldUfiA381 Knoevenagel Condensation [15] 319
auWUS benzaldehyde Niingunuiense vujAzennu malonic acid lasdl pyridine 1ilu
Avazanauas piperidine Wuaat391fA3en IWand 3.5 Talaen 70 °C enuguns

Re O o Re o)

Rs H OH pyridine Rs X OH
—_ =
. @
Ry Rz OH piperidine, A R4 Ra
(o]
R3

R3

Imaaiﬁwaaagﬁuﬁfﬂm%umﬁﬂ LRAI1L1 Table 1
A I Y o o ¢ A A Ao [ A 1
Aenziuaziudulasiaiivesaypiuiniadumdnisaanildmeoimaiia 'H-NMR

Table 1 Chemical Structure of cinnamic acid derivatives

cpds R, R, R, R, R,
1 H H |OCH;| H H
2 OCH; | H |OCH; | OCH; | H
3 OCH; | H |OCH;| H | OCH;
4 OH H H H H
5 H OH H H H
6 H H OH H H
7 F H H H H
8 H F H H H
9 H H F H H
10 NO, | H H H H
11 H NO, H H H
12 H H | NO; H H
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o a { (5 6 a @ 1 {
2.4 1349 Lﬂi"lz‘ﬁﬂsﬁtﬂa Lﬂﬂ(ﬂ‘i%ﬁﬁ?J%W%ﬁ“llﬂd%%%’]NﬂLﬂ%ﬁQLLﬂ%ﬁ

fiH OR O

{@ 1 DMAP, DMF (c{::;;

||. 5 <N \ OH —_— ||I 4 / ~
EJ: \& ;Co}/ pyridine, 0°C EJ: ji R= l \ @
— : 24 hrs — -z

OCHj
haynusnIadumin 1-3 ¥uUJAsen esterification AU cyclodextrin lauld DMAP 1ilu
W 1 aaa - o aaa dl O aaa a
GURUGAIN uaz pyridine vUJATeN 0 °C (swmy 2) ngedjitenlesmuds
acetone WLAINTBIAznaunilaaan aznaud leazasluiinauldidin methanol az'le
arnavayiutlolaaaneiu  Ningduwiuadaag (aIdszney 1347)16]  Hudu

Tassasslavldinafia 'H-NMR DSC uaz Mass spectrometry

(% ¢ o €a
2.5 ﬂﬁiadtﬂiﬂzﬁawwuﬁ%%w\mm
Re 0
Rs AN
OH 1) oxalyl chloride, CHZCI55 X o

-

- ©)

R3 R2
2) 2-ethylhexanol, CH,CIR3 R2

haynuinIadumin 4-12 vnuUJAseniu oxalyl chioride Tulaanalsfiiou lavaudn
a v I < . dl a ¥ dll

gunnAiaauiian 1 71lus 2 oxalyl chioride innniiunasanlasldiniasszing
N4 1An 2-ethylhexanol lulaasalsfiiow awduwia 24 Talu (guns 3) ld

a Q(q/ a v L= v v
LIgNIAILLNAKA coloumn chromatography (Vlmmsﬂs:ﬂau 18-26) Hugulassaade

= 1

wmafia H-NMR

2.6. m‘sﬁnmé’nﬂmmﬁ@ﬂnﬁ%%'aﬁg'ﬁf
=1 % A e A A e €A n:!’::x Aa
2.6.1 mmnmanym:migw@mammgmaoag&wumumm@wm@muuYsﬂﬂm@nmu

[

m‘%mlamgﬁ'ufﬂm%umﬁﬂLLazamgﬁuf%umLmlummuaa uazlolaaianasuni
A A g’ v v -5 ')
%%lsnummlmo%DMso-muaz DMSO N NTwUzumw 107 M mms@@nﬁu 3§

a
81
C

A8LA3ad UV/Vis Spectrophotometer

2.6.2 MIANWINTTLAA inclusion complex waaag&w”uf%umm@ﬁﬁﬂmuu'Zszrfﬂm@n@?u

dnsdromaila 2D-NMR 'laun ROESY ludavinazans D,O
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= A oA A o &a aAa a
2.6.3 ﬂ75ﬂﬂ7§l’7ﬂ75§7@ﬂﬂu?ﬂﬁg??ﬂ@d@kﬂwuf‘ﬂuu’)tﬂ@Wﬂﬁyllﬂuﬂ@'?d”]

% a =Y L =) v v '5
L@%UN@T&W%Eﬂi@GﬁuquﬂLLazaT&W%f‘ﬁuu’]LN@I%LNVH%Q@ ANuNTUUIENI 10 M

5% Y

1ANNIQANAUTIFYAGLLATES UV/Vis Spectrophotometer

2.7. miﬁm:nLaﬁmmwmmmiﬁﬁoLﬂi’]zﬁvlé’@ian'ﬁgmnﬁu%'aﬁg%
m’%fwmsazmﬂmgﬁufﬂm%umﬁmmz%umLumlummuaa LRSTUUWINNNGD

nulolaaianaiuuazlidinylolaaianaiu (1-3 uaz 12-15) lu 10%DMSO-H,0 anu3sae

%

Adwa 5, 10, 15 uar 30 Wil JamIgeanauiiFsInd s An.duwin

%Photostability @108uN17 (4)
%Photostability = [(absorbance at x ‘mﬁ)/ (absorbance at 0 ‘mﬁ)]x 100 (4)

2.8. msﬁnmmﬂmfﬂuﬁmiaL%aﬁmaamgﬁ'%%m%%mﬁnl,l,azfmmmmu,azmg
Wns lalaatanas

Ansanuduisal89T MTT assay [17] lagld human melanoma A-375 cells
Wisuifiey Tesuafilaazinmyianasainla MTT luuds 72 2lus lasmnadia UV-VIS
spectrophotometer %Gmﬁvlﬁ%ﬁ'&lﬁuﬁﬁuﬁﬂu’mmaﬁﬁia@“ﬁ@l (cell growthvia

measuring metabolic activity in viable cells)

2.9 n3daLAIzaniKs latunlndadiow
2.9.1 wissnauiutlawuladadisudrndjiTenszning ethylbenzoate nu 4-
tertbutylacetophenone 114 NaOEt (’RUN17 5, 6) [18]

(0]
OH OCH,CHg (5)
H*, CH3CH,OH
_—
Rl/ 4

R{

ada

351 1

o o)

‘ X OCH,CHs HaC ‘ X 1) NaOEt, heat
—_—
+

A A P 2) H,S0,

Ry R,

2.9.2 \03unayiuslaiuulodaiiioudioUjisenizndns phenylbenzoate iy 4-
tertbutylacetophenone 14 NaOH waz DMSO (RUN3 7) [19]
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Q)
=)
=h.
()

<

K/R N NaOH - N //
/OY\ ). | | - N Y
IS P DMSO
@ 0 2\ o] o]

2.9.3 \rpnayus lawnladaiiionany jiienszndne benzoyichloride U 4-
bromoacetophenone lagfitua LIHMDS Luaat391fA3e0

adA

51N 3

oxalylchloride X cl (8)

X OH
| — |
= CH,Cl, A

X

HO

o o) o
1) LIHMDS, toluene NUJ\/\K 9)
o) A F =
Br 2) HO Br
Mc.
L
HO

L v { o v v a 1
ﬁumu‘[maaﬁw aamiﬁmmsw:ﬂ@m ginauna H-NMR

= =~ > s = 1 - | =
2.10 msﬁmsnLanﬂsnﬂwmaaawgwuﬂmuufﬁnaauLﬁ%msmg'sm
A @ A A v -5
memiazmsamgwuﬂ@LuuimaauLﬁuluLuwwuaa ANV NTWUIENH 107 M
mm%’aﬁgﬁl,alﬂunm 0 15 30 WAy 60 W ﬁ'ﬂmig}@m‘ﬁu%'ﬁgﬁﬁ Amax  fwITh

%Photostability @ 0&uN13 (4)
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UNN 3

AANIINaaalg

3.1 MIdslaMziaunwaBuwdin uada
> = =Y =Y v = 1
faanziayiuinIaduuniinld 12 vfia usailu Table2 H-NMR spectra
WEASANANBIN

Table 2 Name nomenclatures and percent yield of cinnamic acid derivertives

cpds| R, | R, | R, | R, | R, %o %yield
1 H H | OCH; H H 4-methoxycinnamic acid 78
2 OCH; | H | OCH; | OCH;4 H 2,4 ,5-trimethoxycinnamic acid 70
3 OCH; | H | OCH,4 H OCH; | 2,4,6-trimethoxycinnamic acid 75
4 OH H H H H 2-hydroxycinnamic acid 82
5 H OH H H H 3-hydroxycinnamic acid 70
6 H H OH H H 4-hydroxycinnamic acid 72
7 F H H H H 2-fluorocinnamic acid 50
8 H F H H H 3-fluorocinnamic acid 76
9 H H F H H 4-fluorocinnamic acid 80
10 NO, H H H H 2-nitrocinnamic acid 79
11 H NO, H H H 3-nitrocinnamic acid 75
12 H H NO, H H 4-nitrocinnamic acid 60

2-hydroxycinnamic acid (4) white solid (82% yield); 1H-NMR (DMSO-d,) 5(ppm): 7.83-
7.79 (d, J=16Hz, 1H), 7.55-7.53 (d, J=8Hz, 1H), 7.22- 7.18 (t, 1H), 6.90-6.88 (d, J=8Hz,
2H), , 6.82- 6.78 (t, 1H), 6.52-6.47 (d, J=16Hz, 1H)

3-hydroxycinnamic acid (5) light brown solid (70% vyield); 1H-NMR (DMSO-d,) S(ppm):
7.50- 7.46 (d, J=16Hz, 1H), 7.21-7.17 (t, 1H), 7.08-7.06 (d, J=8Hz, 1H), 7.00 (s, 1H),
6.83- 6.81(d, J=8Hz, 1H), 6.41-6.37 (d, J=16Hz, 1H)

4-hydroxycinnamic acid (6) white solid (72% yield); 1H-NMR (DMSO-d,) S(ppm): 7.51-
7.49 (d, J=8Hz, 2H), 7.50-7.46 (d, J=16.00 Hz,1H), 6.78-6.76 (d, J=8Hz, 2H), 6.28-6.24
(d, J=16 Hz, 1H)

2-fluorocinnamic acid (7) white solid (50% vyield); 1H-NMR (DMSO-dy) 8(ppm): 7.79-7.75
(dd, 1H), 7.66- 7.62 (d, J=16 Hz, 1H),7.46- 7.41 (dd, 1H), 7.24-7.21 (m, 2H), 6.57-- 6.53
(d, J=16 Hz, 1H)
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3-fluorocinnamic acid (8) white solid (76% vyield); 1H-NMR (DMSO-d,) S(ppm): 7.59-7.55
(d, J=16.00 Hz,1H), 7.58 (s, 1H), 7.50-7.48 (d, J=8Hz, 2H), 7.45-7.39 (dd, 1H), 7.23-
7.19 (t, 1H), 6.61-6.57 (d, J=16.00 Hz,1H)

4-fluorocinnamic acid (9) white solid (80% vyield); 1H-NMR (DMSO-d,) S(ppm): 7.72- 7.68
(dd, 2H), 7.58- 7.54 (d, J=16 Hz, 1H), 7.20-7.16 (dd, 2H), 6.45-6.41 (d, J=16 Hz, 1H)
2-nitrocinnamic acid (10) white solid (79% yield); 1H-NMR (DMSO-dy) S(ppm): 8.06-
8.04 (d, J=8 Hz, 1H), 7.92-7.90 (d, J=8 Hz, 1H), 7.87-7.83 (d, J=16 Hz, 1H), 7.78-7.74
(t, 1H), 7.67-7.63 (t, 1H), 6.53-6.49 (d, J=16 Hz, 1H)

3-nitrocinnamic acid (11) light brown solid (75% yield); 1H-NMR (DMSO-dy) 8(ppm):
8.49 (s, 1H), 8.23- 8.20, 8.17-8.15 (dd, J=8 Hz, 2H), 7.73-7.69 (d, J=16 Hz, 1H), 7.71-
7.69 (d, J=8 Hz, 1H), 6.74-6.70 (d, J=16 Hz, 1H)

4-nitrocinnamic acid (12) white solid (60% yield); 1H-NMR (DMSO-d,) 6(ppm): 8.22-8.20
(d, J=8 Hz, 2H), 7.94-7.92 (d, J=8 Hz, 2H), 7.68-7.64 (d, J=16 Hz, 1H), 6.72-6.68 (d,
J=16 Hz, 1H)

[ a { (% 6 a [<f 1 4

3.2. m‘saamﬁz‘ﬂszﬁfﬂamnm%ﬁﬁau‘,wuﬁwaa%umumﬂu‘wgLmuﬁ
A Qs a n:lld ra a U L= a

mﬂmimmwm&wuﬂm‘[ﬂaL@ﬂmum%gsﬁumm "L@mgwuﬂsﬂﬂamﬂmu 5
Aa Aa o Y ) PN 1
via (Table 3) Janzduaziudulassasrsdioinafia  H-NMR, MS uaz DSC

1 L= v
(MANWIN) 1M H-NMR  anansndudulasiaiidved pCMBCD, 245CMBCD  uac
246CMBCD @306 integral NigaandadInuIzningswin cyclodextrin Wae cinnamoyl
moiety WA3N Mass spectroscopy WUauRUINFIATA lddnazanndasnunafldan
1 o A IQ v {
H-NMR LLam’mmsmmmmaImaqa mwaﬁamefm‘ﬁlmﬂumahLaqaﬁswvlaaamaa
= g’ ldl UV & Q o 1 lﬁl v a 6 v

Ism,@mmﬂmﬂlmﬂummazmUwaua%1 LRZHAN LAaINNNTILATNZHenNY DSC RINITD
=) o Y o A = val ' . Aa . A v
slusluvl,mwmgwuﬁmmwvlﬂwg cinnamoyl N&AUK cyclodextrin  Liasannlians i

A . . oA v
N3INNA199IN cinnamic acid LUAK
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Table 3 Chemical Structures and molecular weight of cyclodextrins modified cinnamic

acids
cpds % vyield | Molecular Structure
weight (m/z
+Na")
OCHj
p-methoxycinnamoyl- | 15.43% | 1155.524
OL-cyclodextrin (Calculated
(PCMACD;13) mass \
OH
1156.00) o o
o o R} OH N0 OH
OH o
HO
OO o
OH o
HoO OH HO
O, Ho, ol o o
@)
HO
o ' OCH3
p-methoxycinnamoyl- | 55.09% ARYEY
BB-cyclodextrin CREVeRd
(pPCMBCD;14) e la
A A\ OH
L8N o OH
O
&3 bl o 520'*\% 0
¥ P Qo
azaneluiin OH on]
faaLii o o
mswmlaﬁﬁ o V" A
AZALN o
ooy o
HO
LRUNZHY %SH Ho
o o)
(calculated Ho ° .4
mass
1318.14)
2,4,5- 72.95% | 1377.677
trimethoxycinnamoyl- (calculated
BB-cyclodextrin mass
(245CMBCD; 15) 1378.20)
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HaCO!

OCH,

OCHj
A\ OH
o. OH
o oH Qo o
P Qo
OH

13
Vs

OCH;

2,4,6- 16.03% | 1378.199
trimethoxycinnamoyl- (calculated |, .,
B-cyclodextrin mass e
OH
(246CMBCD; 16) 1378.20) ° or
oH %o o
%o
OH
OCH;
2,4,6- 29.50% | 1539.617
trimethoxycinnamoyl- (calculated | o
'Y-cyclodextrin mass o
(246CMGCD; 17) 1540.34)

K“ma

QH HO

HO

OL-cyclodextrin-4-methoxycinnamate (13) white solid (15 %yield);

"H NMR (400 MHz,

D,0) O 7.80-7.77 (d, J = 8.8 Hz, 2H), 7.79-7.75 (d, J = 16.0 Hz, 1H), 7.21-7.19 (d, J =
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8.0 Hz, 2H), 6.46-6.42 (d, J = 16.0 Hz, 1H), 5.06-5.05 (d, J = 4.0 Hz, 1H), 3.97-3.87 (t,
24H), 3.68-3.64 (t, 6H), 3.58-3.57 and 3.56-3.55 (d, J = 4.0 MHz, 12H); EIMS calculated
for [13+Na+] 1156.00 found: 1155.524.

B—cyclodextrin—4—methoxycinnamate (14) white solid (55 %yield); 1H NMR (400 MHz,
50% DMSO-d,:D,0) 0 7.91-7.86 (d, J = 16.8 Hz, 1H), 7.87-7.85 (d, J = 8.0 Hz, 2H),
7.30-7.28 (d, J = 8.0 Hz, 2H), 6.71-6.67 (d, J = 16.0 Hz, 1H), 5.21-5.20 (d, J = 4.0 Hz,
7H), 4.11 (s, 3H), 4.03-3.91 (m, 28H), 3.79-3.72 (m, 14H); EIMS calculated for [14+Na+]
1318.14 found: 1317.50

B-cyclodextrin-Z,4,5-trimethoxycinnamate (15) pale yellow solid (73 %yield); 1H NMR
(400 MHz, D,0) O 7.84-7.80 (d, J= 16.0 Hz, 1H), 7.06 (s, 1H), 6.67 (s, 1H), 6.36-6.32
(d, J =16.0 Hz, 1H), 5.10-5.09 (d, J = 4.0 Hz, 7H), 3.96-3.82 (m, 28H), 3.70-3.60 (m,
14H); EIMS calculated for [1 5-Na+] 1378.20 found: 1377.677
B-cyclodextrin-Z,4,6-trimethoxycinnamate (16) white solid (16 %yield); 1H NMR (400
MHz, D,0) O 7.04-7.02 (d, J = 10.8 Hz, 1H), 6.33-6.32 (d, J = 4.0 Hz, 2H), 6.12 -6.09
(d, J =12.4 Hz, 1H), 4.01-3.39 (m, 28H), 3.70-3.60 (m, 14H); EIMS calculated for
[16+Na+] 1378.20 found: 1378.199

Y-cyclodextrin-2,4,6-trimethoxycinnamate (17) white solid (30 %yield); 1H NMR (400
MHz, D,0) 0 7.82-7.77 (d, J = 16.0 Hz, 1H), 6.56-6.52 (d, J = 16.0 Hz, 1H), 6.22 (s,
2H), 5.15-5.14 (d, J = 4.0 Hz, 8H), 3.99-3.88 (m, 41H), 3.71-3.63 (m, 16H); EIMS
calculated for [17+Na+] 1540.34 found: 1539.617

g 6 o  €a
3.3. ﬂ'\iﬁﬂlﬂi’lgﬁa%w%ﬁ‘ﬁ%%ql&lm
o & o &a A A @ & & a o &
aﬂLﬂi’]zVﬁaT&W%ﬁTuu’]LN@l 9 TUA T Iﬂi\‘]ﬁiq\‘]LLﬂZLﬂafLsﬁu@Nﬂ@]ﬂmmuﬁ@ﬂlu
o o [y a 1
Table 4 ﬁuﬂuiﬂiﬂﬁiqx‘]@')ﬂl‘ﬂﬂuﬂ H-NMR (LLa@NIuﬂ’]ﬂNujﬂ)
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Table 4 Name nomenclatures and percent yield of cinnamate derivertives

cpds | R, | R, | R, | R, | R, %o %yield
18 OH H H 2-ethylhexyl-2-hydroxycinnamate 45%
19 H OH H H H 2-ethylhexyl-3-hydroxycinnamate 65%
20 H H OH | H H 2-ethylhexyl-4-hydroxycinnamate 60%
21 F H H H H 2-ethylhexyl-2-fluorocinnamate 60%
22 H F H H H 2-ethylhexyl-3-fluorocinnamate 57%
23 H H F H H 2-ethylhexyl-4-fluorocinnamate 51%
24 | NO, | H H H H 2-ethylhexyl-2-nitrocinnamate 55%
25 H |[NO,| H H H 2-ethylhexyl-3-nitrocinnamate 60%
26 H H [NO, | H H 2-ethylhexyl-4-nitroxycinnamate 56%

2-ethylhexyl-2-hydroxycinnamate (18) yellow oil (45% yield) 1H-NMR (CDCl,) 8(ppm):
8.11-8.07 (d, J = 16.0 Hz, 1H), 7.45-7.44 (d, J=8 Hz, 1H), 7.23-7.20 (t, 1H), 6.92-6.90
(d, J=8 Hz, 1H), 6.89- 6.85 (t, 1H), 6.70-6.65 (d, J = 16.0 Hz, 1H)
2-ethylhexyl-3-hydroxycinnamate (19) yellow oil (65% yield) 1H-NMR (CDCly) S(ppm):
7.62-7.58 (d, J = 16.0 Hz, 1H), 7.25- 7.21 (dd, 1H), 7.08-7.06 (d, J=8Hz, 1H), 7.00 (s,
1H) 6.87-6.85 (d, J=8 Hz, 1H), 6.41-6.37 (d, J = 16.0 Hz, 1H), 1.64-0.86 (m, 15H)
2-ethylhexyl-4-hydroxycinnamate (20) pale yellow oil (60% yield) 1H-NMR (CDCly)
S(ppm): 7.56-7.52 (d, J = 16.0 Hz, 1H), 7.33-7.31 (d, J=8 Hz, 2H), 6.80-6.78(d, J=8 Hz,
2H), 6.23-6.19 (d, J = 16.0 Hz, 1H), 4.05- 4.03 (dd, 2H), 1.59-0.79 (m, 15H)
2-ethylhexyl-2-fluorocinnamate (21) yellow oil (60% yield) 1H-NMR (CDCly) B(ppm):
7.80- 7.76 (d, J = 16.0 Hz, 1H), 7.54-7.50 (t, 1H), 7.35-7.30 (dd, 1H); 7.15-7.12 (t, 1H);
7.10-7.05 (dd, 1H), 6.54-6.50 (d, J = 16.0 Hz, 1H), 4.18-4.16 (d, J=8 Hz, 2H); 1.67-0.86
(m, 15H)

2-ethylhexyl-3-fluorocinnamate (22) yellow oil (57% yield) 1H-NMR (CDCly) 8(ppm):7.80-
7.76 (d, J = 16.0 Hz, 1H), 7.54- 7.50 (t, 1H)), 7.35-7.30 (dd, 1H)), 7.15- 7.12 (t, 1H),
7.10-7.05 (dd, 1H)), 6.54-6.50 (d, J = 16.0 Hz, 1H), 4.18-4.17 (d, 2H), 1.69-0.86 (m,
15H)

2-ethylhexyl-4-fluorocinnamate (23) yellow oil (51% yield) 1H-NMR (CDCly) S(ppm):
7.63- 7.59 (d, J = 16.0 Hz, 1H), 7.51-7.47 (dd, 2H), 7.07, 7.03, 6.36, 6.32, 4.18, 4.16,
1.58, 0.86,

2-ethylhexyl-2-nitrocinnamate (24) yellow oil (55% yield) 1H-NMR (CDCly) S(ppm): 7.56-
7.52 (d, J = 16.0 Hz, 1H), 7.29-7.25 (dd, J=7.79 Hz, 1H), 7.19-7.15 (t, 1H)), 7.12 (d, J=9



22

Hz, 1H), 7.01-6.96 (t, 1H), 6.37-6.33 (d, J = 16.0 Hz, 1H), 4.06-4.03 (dd, 2H), 1.58-0.80
(m, 15H)

2-ethylhexyl-3-nitrocinnamate (25) yellow oil (60% yield) 1H-NMR (CDCls) 8(ppm): 8.37
(s, 1H), 8.22-8.20 (d, J=8 Hz, 1H), 7.82, 7.80 (d, J=8 Hz, 1H), 7.70-7.66 (d, J = 16.0 Hz,
1H), 7.58-7.54 (t, 1H), 6.57-6.53 (d, J = 16.0 Hz, 1H), 4.14-4.12 (d, J=8 Hz, 2H), 1.65-
0.87 (m, 15H)

2-ethylhexyl-4-nitroxycinnamate (26) yellow oil (56% yield) 1H-NMR (CDCly) B(ppm):
8.17-8.15 (d, J=8 Hz, 1H), 7.64-7.60 (d, J = 16.0 Hz, 1H), 7.61-7.59 (d, J=8 Hz, 1H),
6.51-6.47 (d, J = 16.0 Hz, 1H), 4.08-4.06 (dd, 2H), 1.61- 0.81 (m, 15H)

3.4. m‘sﬁnmé’nﬂmzms@mﬂﬁu%ﬁ?{g%maamsﬂssnauﬁ'ﬁoLﬂi’lxﬁlé’f
3.4.1 msgwnﬁuﬁﬁg"ﬁ'ﬁ/aaY%Tﬂagwn@?uﬁﬁwyéﬁumz&/ﬁa
mnmiﬁﬂmé’ﬂwmzms@@nﬁu%’ﬁg%madam&ﬁuﬁ%umLumﬁa@awﬂﬂﬂamn

a3u (Figure 1) wuiiansdsznay 13 14 16 uaz 17 ganaulugeTadgid (280-320 nm)
yasfignslsznoy 15 g}@]ﬂﬁﬂﬁﬁ”’a%’aﬁg%ﬁuaﬁaﬁﬁLa (320400 nm) ANHHSNITINA
vosmyFuwimanylolasenaiumuniniienzildanns  shit  vad  absorption
spectrum 189N NHATIRIFNAZaNS WuimMIgananiIFgIzadxTUEney 16 1ia red
shift 1alfindvesdarnazans LLamlﬁLﬁuimg 2,4,6-trimethoxycinnamoyl 888N
beta-cyclodextrin mmzﬁm‘sg@ﬂﬁu%ﬁg%aamsﬂi:ﬂau 13 14 15 W&z 17 LNa blue shift
aiiudnvesiirinazany LLa@dlﬁLﬁudmg 4-methoxycinnamoyl 18413 uas 14 ayﬂma
alpha- usz beta-cyclodextrin 3 2,4,5-trimethoxycinnamoyl a%iluiwsomao beta-
cyclodextrin uaz#y 2,4,6-trimethoxycinnamoy! ag'iuiwmmm gamma-cyclodextrin W@ L
nytkvadsnssznay 14 msgmnﬁu%’a%'g%lué’aﬁwazmﬂﬁ”'daaaﬁé'ﬂwmmﬁ’]alﬁ'u CFUSPTA
ayUlddms p-methoxycinnamoy fInsnanaazaaanitn-aan sy beta-cyclodextrin

o L A v aA aAA v v a
ml%aﬂmmzmig}@ﬂamaagwaﬂmmmmﬂﬂu
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Figure 1 Absorption (red) and emission (blue) spectra of 66 ppm of beta-CD modified
with methoxycinnamic acid in DMSO and 150 ppm of pCMACD and 246CMGCD

(green) compared to their parent methoxycinnamic acids (black) in DMSO

Normalized Absorbance

250 ' 300 ' 350 ' 400

Wavelength (nm)
Figure 2. Absorption spectrum of 13-17 (1x1 0_5 mM) in 10% DMSO (solid line) and
DMSO (dashed line). (1= pCMACD, 2= pCMBCD, 3=245CMBCD, 4=246CMBCD and
5=246CMGCD)

= Aa . . o A Aa a

3.4.2 m3fAinsn3iAia inclusion complex auWursunuNANGAsIUH [BlAaIANATY
dunszaangdumludadnig Adauwnlslaamnaiusmacieg Aenzilay
Iinafia 2D-NMR ROESY 1i83ta7=# ROESY spectrum V84%y 4-methoxycinnamoyl

ﬁa@a\‘mu alpha-cyclodextrin Tu D,O (13) WU correlation FERINNA H3 VD9 alpha-CD
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U Hb/Hb' 284 4-methoxycinnamoyl moiety (cross-peaks A) L8z H5 protons 284 alpha-
CD nu H5 protons of alpha-CD and both Ha/Ha’ and Hb/Hb’' protons waJ 4-
methoxycinnamoyl moiety (cross-peaks C and B, Figure 3) %\1 correlation ﬁwuf:‘i.i\‘l
%lﬁLﬁudﬁ%y; 4-methoxycinnamoyl agﬂma alpha-CD SIFaANRaINLNANMINARSY

- A a &£ A = ~ o A A AN W va a
photostability AitiNAwiiaSouiisununsadumind i lddaasumislolaaianasn

@ Haa’ Hb.b

ke

o

WoW W W oW BR

m v B

a.?-é C

- i 2
A

H3

l.lé

8,23

6.33

l.!i

7.8 7.8 7.7 7.8 7.5 r.4 F.3 7.2 1.1
F1 (ppm}

(b)

Figure 3 (a) "H ROESY spectrum of 13 (0.03 mM) in a 10% DMSO-d-D,0 solution at

27 °C with a mixing time of 800 ms. (b) possible structure of 13.

lunsdiues 4-methoxycinnamoyl AAAaIL beta-cyclodextrin (14) wWuinasisznavitl
sansnazansluwin uaz 10%DMSO-H,0 ¢ azaslu DMSO winsiudslainy correlation
3z#I9RY cinnamoyl MU beta-cyclodextrin  WANNKNANTNAREY photostability Wil
@i snWlNaLABInY 4-methoxycinnamic acid %dﬂ’]@’i’my; 4-methoxycinnamoyl 8133¢
vhldagluas beta-cyclodextrin udrsdumnalng LLazLﬂu"LUVL@Tﬁ%ag’uamﬂumtﬁﬁ&h
¥azanetiln DMSO 13189970 DMSO snansavimiiniiiu guest v ldagluaslaiguiu
ﬁ’]lﬁ'ﬂ’litﬂﬁﬂuﬂauﬂqt‘i%’%ﬁ]’m trans Ml cis Sanaiiadwle
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ROESY spectrum w84 2,4,5-trimethoxy-cinnamoyl-beta-CD (15) Tu D,O (Figure 4) WU
correlation 32113149 H3 proton 284 beta-CD AU Hb proton Va4 2,4,5-trimethoxycinnamoyl
(cross-peak B) Waz cross-peak A UW&@4 correlation ¥21%7319 H5 proton U84 beta-CD Uag
Ha proton 284 2,4,5-trimethoxycinnamoy! moiety %aﬁd%ﬁmﬁ 2,4,5-trimethoxycinnamoy!
agﬂma beta-CD wana Nt leAnENaT0IA NN (concentration dependence) V89
815Usznau 13 1u DO wudﬁﬁﬂiﬂmaumamg cinnamoyl YARNALAA upfield shift L&AJ
f94M3ifia intermolecular conplexation I@Uﬁ%y; 2,4 ,5-trimethoxycinnamoylmoiety agﬂmo
beta-CD va4lutanania Aadulwaweiiionnududuindu (Figure 5) [20-21]

Figure 4. (a) 1H ROESY spectrum of 15 (0.03 mM) in a D,O solution at 27 °C with a

mixing time of 800 ms. (b) possible structure of 15.

#aNIINBANBI  concentration dependence wad 13-15 1w DMSO LHa931n
ssUsnauwaiaaninszaeldiniu - mansnlfenududungaauld  anuams
NAKBINUIN LA@ upfield shift ez broad 2adNa cinnamoyl NIRNALTWAL LEAIIN

a té =)
intermolecular complex saiialals DMSO (MAaNWIN Figure S37-S38) wIN1ILNG
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2

intermolecular complex ﬁﬁ;ﬁlﬂﬂ’lﬁ‘u 6-aminocinnamoyl-alpha-CD Tusin [22] wazlwualu

AU HNGHRIE

N

(b}

\

\ \ (c}

an 'a 5 LK} "2 " B8 [ 1] B4 [+

Figure 5. 1H-NMR spectra of 15 (a) 0.07m (b) 0.15 and (c) 0.2 mM in 10% DMSO-d,-

D,O 27 °C.

ROESY %83 2,4,6-trimethoxycinnamoyl-beta-cyclodextrin (16) 1%‘1({’1 LEAILY
Figure 6 WU correlation 984 Ha and Ha' protons of 2,4,6-trimethoxycinnamoyl moiety
and the H5 proton of beta-CD (cross-peak A) WEAILY Fiugre 6 LLamlﬁLﬁmﬁﬂémﬁd
maoﬁhm\maiﬁ?mam%"l,ﬂag'sl,ma beta-cyclodextrin %aaa@ﬂﬁaaﬁwmmammamsﬁi

2,4 ,6-trimethoxycinnamoyl PNMIAUIUAI87T semi-empirical AM1
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Ha, a'
(@) __,JJLL___,M,M‘

(b)

Figure 6 1H ROESY spectrum of 16 (0.03 mM) in a D,O solution at 27 °C with a

mixing time of 800 ms. (b) possible structure of 16.

Lﬁaﬂ’m%i 2,4,6-trimethoxycinnamoyl G@aadU% gamma-cyclodextrin (17) EGITRl

|$ 1 o [l a [ . v
Iwsslnaan wudtmsszansle D,0 aeasun lilisunInieaed correlation @
wnafla ROESY ¢ ilialdeaviazany 10%DMSO-d-D,0 laiwu correlation 313191yl
2,4,6-trimethoxycinnamoyl U gamma-cyclodextrin IuL‘ﬁaaﬁummma‘gﬂiﬁ’i’lmﬁ]ﬁlz
\fi@ inclusion complex Lel LitafioTiihasanTwIaTa929 gamma-cyclodextrin Jvwialnal
Ny 2,4,6-trimethoxycinnamoyl wanaNWNafAnE concentration dependence WU

| A . A A A v o o & o A v

lifins shift vasiala g Waivanududu dmumaninaydididasdui avdszney

17 l4i1Aia intermolecular complexation (Figure 7)



28

Figure 7. Proposed structure of intermolecular complexation (left) and intramolecular

complexation (right).

3.4.3 NIANBINIAANAUTITL IV aIOUNUT TUUULANTRYUNUTI619 9
NNNIANIMIgANaUTIRYIvaseuNUtTurNaNIngununes giulwan
uaa (Figure 8) wuihniganauisdyizaseuruifuwinaiizdinadeivayiuinie
FuwAnisueu uamdnasuinng shit lUNANNE1IAAREINIT (red shift) Yszanw 5-10
nm) ifasandnisdavedny akyl lAIzaUNAIUNUANGIS (energy gap) Wi
o . d { £ { A
ground state MU excited state LALAI WQANAULFINANMULNIAAUENITY LiTDRITTUIHA
VaIRYUNUN WU wyjununfiu hydroxyl group dulnagansuemiganiuuainaes
THAMULNAAKDENTALIL FIURYUNUN nitro group AnsgandauiianusnIndudLin
[ A A L Ao A = &
wan uszfanuenedusiudansuemiganauiu shoulder lasny hydroxyl uaz
. 1 { ‘é 1) 1 g U
nitro group QANALEIIUTIIANNEIARY 200-350 nm TiaglutaTafeAd uazia (8
@ ' v €a Aa . A = Ao A & A
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Figure 8 Normalized absorption of cinnamic acid derivatives and cinnamates derivatives

in methanol
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Figure 9. Photostability of 1x10-5 M 13-17 in a 10% DMSO solution compared to their
parent cinnamic acids; pCA = 4-methoxycinnamic acid, 245CA = 2,4,5-trimethoxy-
cinnamic acid and 246CA = 2,4,6-trimethoxycinnamic acid; 1= pCMACD, 2= pCMBCD,
3=245CMBCD, 4=246CMBCD and 5=246CMGCD.
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2F Lﬁaﬁmitmwamao@i’umuwamgmuﬁ wu'hs?mmLmﬂ?‘iﬁ%umuﬁﬁ@mmm"ﬁ 3
(meta-) ﬁmwmaﬁmﬁq@ DANNABFALAUY 4 (para-) WaTEIWRUI 2 (ortho-) AANULEDET
@‘i’\ﬁq@ 1qu q%ﬁ@maomél,muﬁ' LﬁuLamﬁ'mm%é]”ﬂ‘ﬁ'muml,fimmuﬁﬁawg methoxy
group (OCHj) [23] Lﬁaﬁm‘srmNamaamﬁ@%y;l,l,wuﬁwudﬂ hydroxyl group L&0&IN31 nitro
Waz fluoro AUFIGL mmmagﬂﬁﬁaaﬁm’mgiﬁ”ﬁLanmauﬁwaﬁﬂﬁagﬁuﬁmmLml

\RE) mnﬁmgaaﬁlﬁﬂmau

Figure 10 Photostability of 3x10'5 M of cinnamate derivatives in methanol.
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ﬁnﬂwamimaaummLfluﬁmiaLﬁnaa(maamgﬁufﬁ’fmmﬁﬂﬁa@ﬁmﬂﬂﬂaL@m
AUl UTHU L UNUNIATWINENGSNG Y daLTaaaztTIRI%s Human melanoma A-375
] A a ' . a v A & a s 6
cells (Table 5) WuiLilafany cinnamoyl IUW b lAaLANASWLAIN ANV WA BN ULTAS
{ %] a a AI U ~ v 0 d AI J
anadlallSouisununIadumRnSNAL 92RKANAT 1Cs, NLANT
Table 5 IC5, value of 1, 3 and 5 of human skin cancer cells compared to their parent

cinnamic acids.

compounds ICs59 (MM)
pCA 2.46+0.27
245CA 1.36+0.04
246CA 2.13£0.16
PCMACD (13) > o

245CMBCD (15) 4.500.54
246CMGCD (17) >5

omc' 0.7240.15

1OMC (octyl-p-methoxycinnamate) is used as a commercial UVB filter.

2 . . . .
maximun concentration used in this test.

3.6.2 n3dnsa Uy TAN Y8 o YW US TUU LA
waninidainmnasevanuiuivvaseyiusduminanIngunuiidni g lay
TFanutududans 3 anuiudu (Figure 11) WuinfaNuiuds 0.0025 mg/mL
\Duiudaimad Nanududu 0.025 mg/ml auRuFTUWUNANLIMY hydroxyl group &
a 1 v { v 04 . A
anuiufinsaisadiosiiga Indidesiu OMC (2-ethylhexyl-p-methoxycinnamate) &3
& v A Aad o A ' A = & A
\dusnsnsesisdyinltluiosaaa vauzfingunufl nitro uaz fluoro group Faanduiis
dairaaannndt Aenudutu 0.25 mg/mL wudenmndy Suarldioadansuinni
50% 9nanAanuduiudairasuin
Lﬁaﬂm‘srmmmLﬂuﬁw@iaLsnaa\?’naaagﬁuf%ummeﬂ%ﬂmﬁﬂuﬁum@%umﬁﬂ
(Figure 12) Buawnudn niadumdnsulnaiiluivdaisasiasninduuwiue  laan
\IRANNITIENTINNNTY 50%  enesaudiuauRuinIadumdnfanudiutn  0.25
oA o v &a A & Aa @ !
mg/mL  UGlaNaARoUMIaRNUTTUWUNAN 0.25 mg/mL LwaaiinITaadiaaanni
50% thasananuiinveseyiusduwinalziannniniedumiin Mldnmsdusiusu
cell membrane ¥inladreninFeliAsuINnIN 8ni p-methoxycinnamic acid \HuAs

¥NNI1 OMC
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Figure 12 Percent cell available against to of 0.25 mg/mL of cinnamate derivatives

compared to parent cinnamic acid.
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lanRanuad 2 viia oA 3-hydroxy-4’bromo-dibenzoylmethane (DBM3) e 4-hydroxy-

4'-bromodibenzoylmethane (DBM4) usulassasisaainadia 'H-NMR (Figure 13-14)
(@] OH

T N L

8.0 7.5 7.0 6.5 6.0 5.5 5.0 a5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

Figure 14 1H-NMR spectrum of 4-hydroxy-4’-bromodibenzoylmethane (2.17% yield)
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Figure 15 Absorption spectra of 2x10 M of commercial dibenzoylmethane (DBM),
DBM3 and DBM4 in methanol.
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Figure 16 Photostability of (1x1 0° M) DBM, DBM3 and DBM4 in methanol.
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Figure S1 1H-NMR spectrum of 4 in DMSO-d, (400 MHz).
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Figure S2 1H-NMR spectrum of 5 in DMSO-d, (400 MHz).
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Figure S3 1H-NMR spectrum of 6 in DMSO-d, (400 MHz).
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Figure S4 1H-NMR spectrum of 7 in DMSO-d, (400 MHz).
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Figure S5 1H-NMR spectrum of 8 in DMSO-d, (400 MHz).
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Figure S6 1H-NMR spectrum of 9 in DMSO-d, (400 MHz).
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Figure S7 "H-NMR spectrum of 10 in DMSO-d, (400 MHz).
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Figure S8 "H-NMR spectrum of 11 in DMSO-d, (400 MHz).
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Figure S9 1H-NMR spectrum of 12 in DMSO-d, (400 MHz).
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Figure S10 1H-NMR spectrum of 18 in CDCl; (400 MHz).
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Figure S11 1H-NMR spectrum of 19 in CDCl; (400 MHz).
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Figure S12 1H-NMR spectrum of 20 in CDCl; (400 MHz).
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Figure S13 1H-NMR spectrum of 21 in CDClI; (400 MHz).
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Figure S14 1H-NMR spectrum of 22 in CDCl; (400 MHz).
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Figure S15 1H-NMR spectrum of 23 in CDCl; (400 MHz).

HH A AN~ OO O T

ON OO NOO M

DO ANATTRS m o

MNM~MSMNMMNNMNMNMNONS © O

2-ethylhexyl-2-nitrocinnamic acid
X i -

P -+ - = -

10 221010 1.0 20 11 87 6.2
\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\\\\\\\\\‘\\\\‘\\\\‘\\\

75 70 65 6.0 55 50 45 4.0 35 30 25 20 15 10 05

Figure S16 1H-NMR spectrum of 24 in CDCI; (400 MHz).
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Figure S17 1H-NMR spectrum of 25 in CDClI; (400 MHz).
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Figure S18 1H-NMR spectrum of 26 in CDCl; (400 MHz).
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Figure S19 1H-NMR spectrum of 27 in CDCl; (400 MHz).
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Figure S20. 1H-NMR spectrum of 13 in D,O
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Figure S21. ROESY spectrum of 13 in D,0.
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Figure S22, "H-NMR of 14 in 50%D,0-DMSO-dg.
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Figure S23. 'H-NMR of 15 in D,O.
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Figure S24. ROESY spectrum of 15 in D,0.
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Figure S26. ROESY spectrum of 16 in D,0.
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Figure S27. 1H-NMR spectrum of 17 in 10%D,0

S3. DSC Thermograms
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Figure S28. DSC thermogram of p-methoxycinnamaic acid (pCA) compared to p-

methoxycinnamoylcyclodextrin derivatives 13 and 14.
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Figure $29. DSC thermogram of 2,4,5-trimethoxycinnamic acid and cyclodextrin

derivative 15.
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Figure S30. DSC thermogram of 2,4,6-trimethoxycinnamoyl! cyclodextrin derivative 16

and 17.
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Figure S31. DSC thermogram of 2,4,6-trimethoxycinnamic acid.

S4. EI-MS spectra

Figure S32. EI-MS spectrum of 13.
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Figure S34. EI-MS spectrum of 15.

Figure S35. EI-MS spectrum of 16.
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Figure S36. EI-MS spectrum of 17.

S5. 'H-NMR spectra concentration dependences 2a9&1313snau 13
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Figure S37. 1H-NMR spectra of 13 in DMSO-d, at (a) 0.04 mM and (b) 0.3 mM.




60

H3.5

H1

— i J_M_J._A‘_M,-/I/\
T e
15 1a ES ED 55

| LI
=L Bo

Figure S38. 1H-NMR spectra of 13 in DMSO-d, at (a) 0.07 mM and (b) 0.7 mM.
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