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Antifouling Activity of Coumarin and its Derivatives Isolated from the
Cinnamon Tree Cinnamomum loureiroi

Young Do Kim, Hyun Woung Shin and Ji Young Cho*

Department of Marine Biotechnology, Soonchunhyang University, Asan 336-745, Korea

The active antifouling compounds coumarin and its derivatives were isolated from the cinnamon tree Cinnamomum
loureiroi. The antifouling activities were determined using representative soft fouling organisms: the seaweed
Ulvapertusa and diatom Navicula annexa. The chemical constituents with antifouling activities were identified as
coumarin, hydroxylcoumarin, coumaric acid, and cinnamaldehyde by interpreting nuclear magnetic resonance, and
high-resolution mass spectroscopy data. These compounds were isolated from 1.09 g of crude Cinnamomum sp.
methanol extract, yielding approximately 18.4, 6.3, 9.8, and 14.7 mg of coumarin, hydroxylcoumarin, coumaric
acid, and cinnamaldehyde, respectively. The compounds inhibited U. pertusa zoospores with ECs, values of 0.13-
0.25 pg/mL, and the diatom N. annexa with ECy, 0of 0.21-0.81 pg/mL.
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oF7| A]Z1tH(Callow and Edyvean 1990). 2R 5 9
3 71&oll FA4L SR eAlE ARk o A8
AF7|7(International Maritime Organization) (IMO, 2001)2]
AFESHA| 2 Tgarol, dichlofluanid, diurons3} 22 =20] o
A EAO A AMEE L Itk (Voulvoulis et al.2000; Yamada

2007; Cresswell et al. 2006). 121} Z]12] ALof w21 o]

= 58 =3 H|EA el tidt 545 AYH k¢t
M 2go] gelgal 9t} Irgaroly} diuron?] 7-$-A) &< of

3H745t =4 3(Fernandez-Alba et al. 2002), A Aol i3t Hl
o}=4J (embryotoxicity) S LR ™ (Manzo et al., 2006), di-
chlofluanid®] 79 WS YelYlE Zlos HuEa Qlct

o 2u

(Fernandez-Alba et al. 2002). =35} Lee et al. (2010)2] &1-Lo]

o5t Fharigto] A 9] Irgarol®] © 8L 20060 % F Aol A]
£ 23.80 ng/LY 2.7 2009 9] = 67.64 ng/L = 5715+
1 dichlofluanid= 61.69 ng/LoA| 74.79 ng/LE L. A%=7} 5

7t Qs Ao HuE sl

mehA 2 d9e ol 22 WAl g ¢ e AR e
A2 ek %zq O ANEI, T Ao ' F oA 535
SAAE 2EES FAIETE 700159 A8 2552 1l
ZA= EHAO 2 e asg A 3t Ay}, Av] 2EEA

M 2L 35S 9 9t Ans U Tk (Lauraceae)
o] A& §250+o] HIE T glon o, 23 Ag|gy) o

Ed, 3F 5o Ex5l= o2 el Qltk(Prasad et al.
2009). A3 25 € coumarins, cinnamaldehyde, cinnamon
oil, diterpenoids, polyphenols, cinnamic acid 52| &2 o| &
glEo] HilEglon, o] 4} 1 A et dat e
A 2% Y o YA S 7 e Ao R HilE
¢t U2 cinnamon oil2 =3PYA] G52 Ho|™(Gende
et al. 2008; Faix et al. 2009), cinnamic aldehyde &+t a3}
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(Kim et al. 2004), cinnamon diterpene- A2 A oA G}
K olth(Nohara et al. 1985). T3t Al 2252 A A, 3
A, FEEnEA, Agay), g+, i, APEsai-so
A-50] ®ilx o] QJtK(Cralg 1999).

Aol A @2 Z4o] e o] thfRt AFo] HatEar gl
AHt e g50] 4 H2-2 cinnamic acid # O 2 trans-
cinnamic acid= Z-a}e)(Ulva fasciata)©) EAF F-2-2 =] sfjs}
™ (Shin et al., 2001), p-(sulphooxy) cinnamic acid+= 3| FA|
F3} el o] RAS Aashe Ao ke olrk(Todd et
al., 1993). & Aol A= thekgt A ]2 d o] Barg Alw| o] 5=
SEOA Weass Yele Erhe 248 2aste] 1+
ZEA O] Autel BA O] 58 BAskalA}l St

Mz A HH

55 9 22
A 1l= W BEGALS] Cinnamomum loureiroi (Saigon cinna-
mon, Vietnamese cassia. or Viethamese cinnamon)E %3}
o] w3}l Jin et al. (1997)2] WHO2 80% mEh-e-S o] &
oto] &5kt 22 33 REESHY L AFd5571E A
sho] mlEhS-S U7 3 40 mg/mLe] FE 2 A4 3Hglc)
FEEL celiteo]] S2A|A Ag]7FA(500 g; 70-230 mesh) =
EotEdH 9 E Foto] 13} Ee2f8k3laL, H71-8vl= hexane,
ethyl acetate, methanol2 H|=AJ oA S22 20% 7+ <9
HlE R Z35to] step-gradient® ARSI 22 F 7
LFAS e & ethyl acetate:methanol (4:1, v/v)2] £-3]
< HPLC (Agilent 1200series; Agilent Technologies, Santa
Clara, CA)E ©]-&-5tof 22} 22|15 AAlsk3it). 29 uBon-
dapak C8 reversed-phase column (10 X250 mm, 10 pm; Phe-
nomenex, Torrance, CA)S ARE-5}%1 11, acetonitrile} water
(HPLC grade)E ©]-54r 22 3} isocratic (30% acetonitrile)
ol Ao g Bt §< 2 mL/minZ 3Fo] 100 5ot
Healda B389 &S UV detector (Agilent Technolo-
gies, Santa Clara, CA)E ©|-8-5]0] 220 nmof|A] A5}

CELR

2] =242 high resolution fast atom bombardment mass
spectrometer (HR-FABMS, JMS HX 110; JEOL,Japan)E- ©]
G5t At A S AT 1AL | &4 (nuclear mag-
netic resonance: NMR)-2= INM-ECP 600 NMR spectrometer
(JEOL)E o|-83}9 2 &ull= methanol-d (CD,0D)E o]&
3lo] 'H, PC, correlation spectroscopy (COSY), heteronuclear
multiple bond correlation (HMBC), heteronuclear multiple
quantum coherence (HMQC)5-& 43|t}

=hs

olo
BN
)
of

74

d2Es 4

olr
Ol

S RAYA] A5 tfA Q1 o FAYES] Y d )
| (Ulva pertusa)®] AL} Y24 ) X 25 (Navicula annexa)
S gie g Adstgich gt 201049 6-7Y QM Rt
A YR5H L ZAPFE-L Cho et al. (2001)2] WL weit.
HF2¥l 224 PES H|A] (Provasoli, 1968)0l] A A H2h)
A 5 AFol AHESHa RAHA s Sepo|EaThE
AHgEFT) SatolEZEbA(1 X 2.5 cm)= 10% HClo| 124]
b5t Holw & SRl thAl 12417 & - Al & 5ke] A
S35kt Lefo|=EFEkAE 24well plate?] 7+ wellol] 371&
AYA Gt gkl s22K(1 % 10°cells/mL)E PESH)#]o]| &EFs
o] 2mL 8o & HForh 28 e 22 285 7Y
SFAL 7|2 20T ollA Bl 641Xt $ AT EHelskel
o}, B2RA u| N 25 Navicula annexa’= SH=m| | 25 2349
A 2ok wrol F/2 v A] ol A wl st it w2 20°CeflA] 70
mol/m®/s (light:dark=12:12)¢] % 27 o 2 2lehajjoF7| o] A
50 ipm o= AAEI A5 HSS ATt A Tl E
=2 3t Agy FU3E o 5% 10%cells/

d sholskoich
(Cho, 2012). A o] AHE-3H =42 DMSO9 &3k
om FANERILOZ = DMSOE ARSI L, A2
B+ Irgarolx ARS8 TE £ 9 Wef-5-2 LCs, (REA]AL
=)t ECy, (W35 E)E 715te] &5 Al4(therapeutic
ratio)= e Ich(Clare 1992). A5AlT= 540 tieh &
59 Bl UEhd A2 gho] 150)/44¢l A9 e o i e
A%g 7 7o & #ositi(Fusetani, 2011).
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A1 17 silica gel chromatography 2} €4 HPLC
£ o]-83fo] Ealsteitt. WA silica gel chromatography = £
2t A3 979 R85 AL 1L 5 e xAE e R
g ARdoflA FaA] a5E vEl= 2719 245 gl
3F3ch 2316 ethyl acetate : methanol (4: 1) 718
2 5kQlaL, A FarelAof tigk 4.6 ug/mLe] ECy, 4= U
Rl it o] £2l4 = thE 285t vl 7MY w2 E4]
B o 91 mge AU E&7 (126 mg)2 ethyl acetate
: methanol (1: 1)E AZNEj2 311 EA} F2FJ A of djst
5.3 ug/mLe] EC;, gl UER T 28462 HPLCE &
af| 22} & AAI5FF AL 30% acetonitrileS ©]-8-3F isocratic
271004 470¢] /=4 peakE SISHAATE ZF &4 peaks=
29, 35, 45, 7550l A YyElton, 529 oF2 717+ 184, 6.3,
9.8, 14.7 mg | 3itt.
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Table 1. Inhibition of zoospores settlement of Ulva pertusa by
coumarin and its derivatives

Table 2. Inhibition of diatom settlement of Navicula annexa by
coumarin and its derivatives

Compounds (pg/mL) LCs EC, LCs/ECs, Compounds (ug/mL) LCy ECs, LCs/ECs
Compound (1) 13 0.18 722 Compound (1) 20 0.35 57.1
Compound (2) 12 0.13 92.3 Compound (2) 15 0.21 714
Compound (3) 20 0.25 166.7 Compound (3) 40 0.64 109.3
Compound (4) 29 0.24 1208 Compound (4) 48 0.81 59.3

'LC,: the meian lethal dose.
2 EC,;: the half-maximal effective concentration.

2 AgolA AgolA =53 2t 4o Hease
gt A}, bl EAe] BAR) E50HE BCy, 2 0.13-
0.25 ug/mLE YERE O™ LCy, 32> 12 - 29 ug/mL 3tk 1
=4 Qe 7P F2 ECytt2 B9 85 A= 92.39]
¢Itk(Table 1).

E3F A 25 F2A] Aol A= ECy, 4t 0.21-0.81 g/
mL UeRtom LC, ghS 1548 ng/mLath 1 % 24 (2)
7H 718 S BCahe ML B AGE 7148 71 9}
S TH(Table 2).

i\

SELR

A 2= FEFeolA 2t 4719 24 =2 NMR
I} HR-MS= 2481 A1}, 528 712} coumarin (1), hydrox-
ylcoumarin (2), coumaric acid (3), cinnamaldehyde (4)= &+
Q1|3 B4 A1}= Table3¥} Table 40 LrebiQlct. &2
(12 HR-FABMS A4 A3} 146.1024 ((M+H]HZ £}
2 1452 Uebgon 'H-NMRZ "C-NMR-& 53] £244]
2 CHO,01A 0 & %9t H-NMROJ| A= 671<] signal
2 oI5k AL 2} § 6.43 (H-3: 1H, d), 7.95 (H-4: 1H,
d), 7.57 (H-5: 1H), 7.34 (H-6, 1H), 7.49 (H-7: 1H), 7.32 (H-
8: 1H)°] 2tk "C-NMRoJ A= 9719] signal-& 21514l §
162.7 (C-2), 6 117.3 (C-3), 145.6 (C-4), 129.4 (C-5), 125.8
(C-6), 133.1 (C-7), 117.6 (C-8), 155.4 (C-9), 120.3 (C-10)°]
qlth. NMR 24 A9} Giinther et al. (1975)0] Ha13F 231
o w5 vlugt Aah, £48(1)2 coumarin® 2 1%t
(Fig.1-1).

B4 ) AFEAET 162.0974 ((MHH])E EAHFS
165921 'TH-NMRZ} "C-NMR< £ E24412 CH,0,0]
otk 'H-NMRoJ| A= § 6.45 (H-3: 1H, d), 7.56 (H-5: 1H),
7.34 (H-6, 1H), 7.48 (H-7: 1H), 7.32(H-8: 1H)5<] 57§¢]
signalS UEFY QLT "C-NMROJ| A= § 162.7 (C-2), 95.6 (C-
3), 164.8 (C-4), 129.5 (C-5), 125.8 (C-6), 133.1 (C-7), 117.6
(C-8), 155.5 (C-9), 119.5 (C-10)2] 9719] signal LEFH S
t}. NMR] £4] ZA1k9} Giinther et al. (1975)0] B 13t &3
o] A7 E vwek A3 E4(2)2 hydroxylcoumarin© &2 2491

'LC,: the meian lethal dose.
2 EC,: the half-maximal effective concentration.

SATk(Fig.1-2).

B4 3y AR 47t 164.1187 (IM+H])o|of RApeke
1630]¢lo 1, 'TH-NMR#} "C-NMR-% E8f 24142 C,H 0,
2 Uehgrh 'H-NMRoJ A= 6709] signal 22151913t 71
AL 7+ 6.56 (H-2: 1H), 6.95 (H-3: 1H), 7.12 (H-3a, 1H),
7.21 (H-4a: 1H), 7.19 (H-5a: 1H), 7.46 (H-6a: 1H)°|3iT}.
PC-NMRoOJA = 6 171.6 (C-1), 121.3 (C-2), 146.5 (C-3),
123.4 (C-1a), 161.0 (C-2a), 121.8 (C-3a), 132.4 (C-4a), 124.3
(C-5a), 129.8 (C-6a)2] 97119 signal=- 21515t} Hoff et al.
(1994)0] Bzt £ol of Az} vlugt A, =2(3)2 cou-
maric acid= -1 %] ¥l cH(Fig. 1-3).

EA(4)= AFEA AT 146.1346([M+H] )02 BEAlefo
14500 22442 C\ H, O A 2 2 21| ¢lct.'H-NMR]
A& 8 8.91 (H-1: OH), 6.98 (H-3: 1H), 1.91 (H-4, 3H), 7.42
(H-2a: 1H), 7.35 (H-3a: 1H), 7.28 (H-4a: 1H), 7.31 (H-5a:
1H), 7.53 (H-6a: 1H) 52| 87§¢] signal 3}2ls}g]ar, C-
NMROJ A= 6 191.2 (C-1), 134.6 (C-2), 141.8 (C-3),9.7 (C-
4), 142.6 (C-1a), 131.2 (C-2a), 136.4 (C-3a), 132.4 (C-4a),
136.4 (C-5a), 131.3 (C-6a)2 1071¢] signal> &-213} %I},
SubashBabu et al. (2007)0] E118F 23 2] 2}=7 2} vlwgt 4
3}, B2 (4)2 cinnamaldehyde® 891 =] 2l th(Fig. 1-4).

Coumarin<- benzopyrone 1-52] &2 & WA 112] 2} pyrone
P Y E ] B Aol A Ee|7F B Qlrk o] 2
essential oils, cinnamon barkoil, cassia leaf oil, lavender oil
5ol A wo] YA %] 11 (Lacy and O’Kennedy 2004), L -3-= 4]
=2 Streptmyces, Aspergillus®} 22 n| A Eo| A = 2|7} B
%] YItHEI-Gendy et al. 2008; Aguirre-Pranzoni et al. 2011).
Coumarin2 671 9] gk4 2}2]7} hydroxylationo]] &J3} 3-, 4-,
5-, 6-, 7-, 8-hydroxycoumarins F=+ 6,7-dihydroxycoumarin
OS2 Ao} =3 BHX pyrone FO| FEj= FE
o-hydroxyphenylacetal-dehyde,o-hydroxyphenylethanol,o-
hydroxyphenylacetic acid, o-hydroxyphenyllactic acid,o-
hydroxyphenylpropionic acid,o-coumaric acids¢| A4 E T}
(Lake 1999). Coumarin®} 1 -3 E A 52 thofst e e
7V Ao 7 HaEa Qlt) o] EE-9] furanocoumarins< AF
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Table 3. °C -NMR spectral data for coumarin and its derivatives
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Table 4. 'H - NMR spectral data for coumarin and derivatives

Compound Compound Compound Compound

Position (1) (2) (3) (4)
5C 5C 5C 5C
1 1716 191.2
2 162.7 162.7 121.3 134.6
3 117.3 95.6 146.5 141.8
4 1456 164.8 9.7
5 129.4 129.5
6 125.8 125.8
7 133.1 133.1
8 1176 117.6
9 155.4 155.5
10 120.3 119.5
1a 123.4 142.6
2a 161.0 131.2
33 121.8 136.4
4a 132.4 132.4
54 124.3 136.4
6a 129.8 131.3

X
9 o 2 o
(1
OH 4
5a 1a /2 OH 5a 1a /2 /O
3) 4)

o

Fig. 1. Structures of coumarin and derivatives isolated from a
cinnamon extract. (1); coumarin, (2); hydroxylcoumarin, (3);
coumaric acid, (4); cinnamaldehyde.

835 YeR ™ (Hadacek et al. 1994), scopoletin, umbel-
liferone, xanthotoxin, herniarins-< &2 1= LeERdCH
(Ojala et al. 2000). Coumaric acid+= At a 77} Bl & Q)
11(Zang et al. 2000), cinnamaldehyde+ Helicobacter pylori
of g2 LEPHTHAL et al. 2005).

2 AFolA An=EE Eejd d Hease e |
AR U AL, -85 AL 9l Trgarol®] &5AI47} 15
0]5}e] HUFAH coumarind} 71 GEAEL A 723 ooz
ehg o] WreAd|z o 7hs/de Holg gholth e aso

Compound Compound Compound Compound

Position M (2) (3) (4)

SH SH S5H S5H

1 8.91

2 6.56

3 6.43 6.45 6.95 6.98

4 7.95 1.91

5 7.57 7.56

6 7.34 7.34

7 7.49 7.48

8 7.32 7.32

9

10

1a

2a 7.42

33 7.12 7.35

4a 7.21 7.28

53 7.19 7.31

6a 7.46 753

A1}, coumarin} hydroxylcoumaring coumaric acid%} cin-
namaldehyde 2t} ©] &3}7} Hojuh, o] AL close ring?]
open ring =t ¥ G50 A= o AL Sl Ao ® Hojxl
=8

T oA e F2HY 27 &

o 27 AR 22 AgAEo] FE o] FaL, o] 52 polymer
£ #H|5HAL biofilms 3 /4gtct. F 4 F5& e
polymer®} biofilm= Q14]6ko] 2244 Q1 F2to] Yo}
(Wieczorek and Todd, 1998). wjefA] 27] AAl &9 F2
= At AL FEe oA BEY F2ks vhe o Sl
7P aatA el o] J A oti(Cho, 2012).

2 A4 asdsols Al A4 FRAEE2] U. per-
tusa®} N. annexa's AH&-5H31aL, o159 AAIE Faf 22H4 <l
FAHEEE RS AT 4= 9l Aolth HeA| 9] 72
g ol Ho S el Sagh HAY Eat op et 21817 9
oA o] -2 e EgAo| = B2 Q] IAolct. Cou-
marind} 1 F-EA459] e il s His B Ar)
Zolu o] FAES E3ltt 28 e =g 9| /o] 7T

Aole.
At AL
o] =52 20129 A% (W&TT| &)Y Aoz

FAFATY AAS wol 2P AT (FFATA
Z-C1ABA001-2012-0029960).
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