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Abstract —Pacquer traditionally has been used to varnish. Many reports have revealed that lacquer has durability
and antimicrobial activities. Therefore, we expect that lacquer will be used as a good antifouling agent to solve
the environmental problem. Here we chemically synthesized urushiol, a major component in lacquer and two
urushiol derivatives, urusiol regioisomer and cardanol. We also analyzed the antimicrobial activities of these
molecules to examine the inhibitory effect on the formation of the biofilms. Our results showed that synthesized
urushiol and its derivatives have strong antifungal activities. Urushiol also exhibited inhibitory effect on the
growth of gram positive bacteria specifically. However urushiol derivatives have low antibacterial activities.
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2.1 A H Mz

88§13t A urushiol, urushiol regioisomer, cardanol
gdste] THIsIITE R Fdel thd Wzilf’—i
phenol (Sigma)E AMHE3FS1 2™, urushiold} 1 &A1&
DMSO (Sigma)l| 5] AFg-8F1tt.

2.2 Urushiol &4

A ob 71 2] 4791 9hS-& EA urusholsh 1§
AS w0l viglom 1 TAH We-L thes 2k

1. I-(2,3-dimethoxy-phenyl)pentadecan-1-ol : Mg (244
mg, 10.04 mmol)e]] 7 ether (10 ml)-2- 3 7}3F 5, iodine (3%
ZhS- Y}k F4= ether (10 ml) o] %<1 1-bromotetradecane
(2.78 g, 10.04 mmol)& ¥H-g-Eo HH3] dstar 1A17F 30%

7V 33tk 0°C oA ether (20 ml)ol] <1 2,3-dimethoxy
benzaldehyde (1.0 g, 6.02 mmol)S H 3] A 7}8t 3, 16A7F
Ft 7tdsiTh vk TR jr, 0°C A 10% HCl= 3 718faL
7155 &8 3 F, #7155 NaHCO; 8905 |, &
2] ¥ NaoSO.=Z 7AFs3th 72ste] d-2crude product
£ silica column chromatography (EA : Hex = 1:5C 1:3)3}
o] 1-(2,3-dimethoxy-phenyl)pentadecan-1-ol (1.2 g, 3.29
mmol, yield = 54.7%)& 3 14 2 A31ch

2. 1,2-dimethoxy-3-pentadecylbenzene : 1-(2,3-dimethoxy-
phenyl)pentadecan-1-ol (500 mg, 1.37 mmol)& EAo] 0]

L 3 HoSO4 (2 BH8)S T3 H, ice-bath |4 10% Pd/C
(50 mg)E 133] 71t 7, He gas 3tollA] 2 o F3F A&l
A ket W T8 5 celites F8ho] o Igk -, A
filtrate-s NaHCO3 =880 2 w3y, 3 #-2] § NaeSO4 = 71
Z&t). 7etsled1,2-dimethoxy-3-pentadecylbenzene (490
mg, 1.4 mmol, quantitative)3 2 1A & AT}

3. 3-pentadecylbenzene-1,2-diol (urushiol) : 1,2-dimethoxy-
3-pentadecylbenzene (490 mg, 1.41 mmol)<- dichloromethane
o] o)1 ¢ &, -78C o4 BBrs (dichloromethane &% [1

M], 5.6 ml, 5.6 mmol)& 3] 7}l A3 255 Al
© 7 &8 Aol 2413 30871 keI T 0% MeOH
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= F7ksto] Rbe-& R A17]aL, solvents et o H,
dichloromethane® 3|4 &1 &% 33] o] 2 & F7]|=
S NaSO.Z AxsAY. 7 5738k 3-pentadecyl-
benzene-1,2-diol (1, 429 mg, 1.34 mmol, yield=95.3%)S- 3
A A Z Ak

4. 1-(3,4-dimethoxy-phenyl)pentadecan-1-ol : Mg (178
mg, 7.36 mmol)of] 4= ether (10 ml)= 37} H, iodine (23
Zh& Y3tk §4= ether (10 ml) o] %<1 1-bromotetradecane
(1.85 g, 6.69 mmol) HF-S-Eol] :1315] ta}T 147k 3057}
2 Z5F SIS tE 0T ol 4] ether (20 ml)e] =<1 3,4-dimethoxy
benzaldehyde (1.0 g, 6.02 mmol)& 3] H7}sta & H,
16A13Y 52t 7138tk Hh-g- 55 &, 0T oA 10% HClS 3
7FataL 1+ 1%—% e, 77155 NaHCO; #8102 &
i, S 28 F NasSOu= dxsiglvh 3ekste] 92 crude
product: silica column chromatography (EA : Hex = 1:2
—2:1)3}°] 1-(3,4-dimethoxy-phenyl)pentadecan-1-ol (740
mg, 2.03 mmol, yield=383.7%)< 3 1A= ATh

5. 1,2-dimethoxy-4-pentadecylbenzene : 1-(3,4-dimethoxy-
phenyl)pentadecan-1-ol (750 mg, 2.06 mmol)& EA¢] =o]
T A8 HoSO;4 (2 H-2)S 18 5, ice-bath Ao 4] 10% Pd/C
(75 mg)& AA5| A7F 5, Hy gas oA 2 & Bk 2o

A wHkekit) WS 8 5 celites %3@1 o et 5, A2
filtrate 2 NaHCOs 880 7 11, & 78] & NasSO.=
z3k3t) Aetshed1,2-dimethoxy-4-pentadecylbenzene (780
mg, 2.23 mmol, quantitative)> 3 A2 AUl Side
product} F2E G 01} FATA 91 the g o Wl 5
ek

6. 4-pentadecylbenzene-1,2-diol (urushiol regioisomer) :
1,2-dimethoxy-4-pentadecylbenzene (772 mg, 2.22 mmol)
< dichloromethaneo] 0|11 W 3, -78Co|A BBr;
(dichloromethane £-2 [1 M], 8.8 ml, 8.8 mmol)& %3] 7}
St AAE] L EE 20 R g8 Aol 2A17F 30 7t
F wkeksith 0C oA MeOHS 37hsto] Hb-g-& S A7
1, solvent2 7Fetsl 1 W ¥, dichloromethane # 3|4 sl 115
2 33] o]} H2F, 77155 NasSOs 2 A Z813l vk et 5
8}o] 4-pentadecylbenzene-1,2-diol (647 mg, 2.02 mmol,
yield=91.1%)< 814 1.4 2 Ai}

7. 1-(3-methoxy-phenyl)pentadecan-1-ol : Mg (2.98 g,
122.41 mmol)°l] 4= ether (100 ml)& 3 7}3t H, iodine (53
7hHS- 9 3lth B ether (50 ml) ©f] =<1 1-bromotetradecane
(33.95 g, 122.41 mmol)S WH-g-=of HH3] gskar 147 30%
71 S5 8kt 0T ollA ether (200 ml)©]l 521 3-methoxy-
benzaldehyde (10 g, 73.45 mmol)& 3] H7lsha o 5,
16A13F 51t 7148kt Hks- 55 —%r, 07C e~ 10% HCLE 3
B $715% eI 5, 7158 NaHCO, 89102 3
I, T 28 F NaSO.Z2 fdzshglty 72sto] 42 crude
product= silica column chromatography (EA : Hex = 1:5)
3t9  1-(3-methoxy-phenyl)pentadecan-1-ol (24.6 g, 73.5
mmol, quantitative yield)& 3] 17142 ATk

8. I-methoxy-3-pentadecylbenzene : 1-(3-methoxy-phenyl)
pentadecan-1-ol (24 g, 71.7 mmol)& EA°] o] Z gt
H2SO4 (7 ml)& T3 5, ice-bath *Jol|4 10% Pd/C (2,4 g)=
5] 17ke ¥, Ho gas SlollA] 2 2 ok A ool makals)
o HES T8 &, celite® F3lo] ot §, AL filrate s
NaHCO; =880 2 23, 3 22 & Na.SOs =2 71333 th
7r¢ksto] 1-methoxy-3-pentadecylbenzene (16g, 50.23 mmol)
< 3 AR A3l Side productZt #HEE S S A A 5)A]
F3 th REE o= 78 it
9. 3-pentadecyl-phenol (cardanol) : 1-methoxy-3-pentadecyl-
benzene (3 g, 9.42 mmol)< dichloromethane®] o]
5, —78C A BBr; (dichloromethane &9 [1 M], 38 ml,
38 mmol)S A H3] 7FSFATh A A3 LEE A0 R & A
&-of|A] 2hr 30min 7} wRISFATE 0 CollA] MeOHS- 715}
WSS Sut A7) 1, solventS 7Hetst1 W F, dichloromethane
% 3|4 5fal B F 33 o] FEF, 77155 NaoSOs = 7153}
Stk A9t SHeM] 92 crude products
chromatography (EA : Hex = 1:10)3}¢] 3-pentadecylphenol
(950 mg, 3.12 mmol, yield=33.1%)2 214 1A & A}

silica column

= 2 x|

s Sl ARE v IHFIHR] S, aureus 9}
e )‘é& E. coli DH5 53 52 S. cerevisiae ©] 3} 2.
W Z4Zke] 55 wlFslr] $13+¢] nutrient broth (Difco), LB
broth (leco), YPD broth (Difco) & 2}2} AF&3}3 T}

2.4 g3 ZFE ST M FotEtel

S. aureus &} E.coli DH5Z 14| vjA] o] =2-a}11, H2he] A
A& BT BEAE Feh 10 mle] F 45 oAl
HEsto] 37°C oA 18417 R vjaich. T4 %71 0.60] &
W& Wl ZHzke] A wj Aol 108) 3] 41 3ke] 100 pl? S 96 well
micro assay plate®]] FU3}HA Y& 3, FA3 oF (4 mM) g
urushiol, urushiol regioisomer, cardanol, phenol & 27} 4
T 244)7L, 36A]7F 5k 37°C oA HJ9FAZ] 3 600 nmol A &
F-E =459k P =% A] Z+2F nutrient broth, LB
broth= blank % AFE-3}i T

2.5 H A

E. coli 9} S. cerevisiae 5 1A v Ao =23t H 2] A
e AT F D5 Q2SS 3950 mlo) 3 A% Ao
HEsE] 2442 30°C 2k 37°C oA 1841 B ket 533
%7} 0.6°] E31S v eppendorf tubed] 1 ml¥ U0} T2
S Z}7}9] tubeol] EYU3F %k (4 mM)Surushiol, urushiol
regioisomer, cardanol, phenol& Y11 24|17t 52k 22| sk &
A2te] ez 100 S Aol A W] i T
24|71 wjeFal 1 el 112 2 AZFAT.

mjo

E
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2.6 ATP £ Stedal &8

BacTiter-Glo Microbial Cell Viability Assay Kit(Promega)



oA AAak= v o 7 et 7eks] M eEabd 7 A
S AAfA o HEH E CO]I 9} S. cerevisiae & 3% %7} 0.6
o] ¥ 7] -vh, Zh2ke] A uj#] ol 108) 3] 41 ke] 100 pl¥
< 96 well micro assay plate] 5d3HA ¥ &, 24z 27]3F
tf 2 9] urushiol, urushiol regioisomer, cardanol, phenol<

31 24X 7F Eo1 ) OkO}OﬂE]- wfjek 2 BacTiter-Glo 7] 22 4

.
S
W5ETE Lo A HES-A] 71 3, luminometer 2 7 313t}

n:Zi ol

3. Zut ¥ nE

3.1 Urushiol & urushiol =& &M

Urushiol, urushiol regioisomer, 12 31 cardanol #l#l 11
28] AAtEel 238 CisHs 71E 2te 452 €78 3
ST}, 53] T4 e 2 SR A, 917 o] YA
7]-6%\45];] %}_J—r_ T% i}o]oﬂ pj.;\]/\io] x% 04015 H]-lzgo

Z AYEIT 1 AR 13 19 YERSIH Aldehyde”] 9}
—OCHs 717} benzene 18] 8] g% 9| of] X3k EdE4
B A o7 dojxH, o 7]¢f Grignard ¥H-§- 2.7 C-15

£ AJ3skaL, hydrogenolysis ¥H-8-©. 2 OH7] & A| A5
ow, vk E O 7 BBryE ©]§3to] — OCHsE @R 55k 7}
7+e] HF A ES Aol

B oﬁ:

K rlo

3.2 Urushioltt I SEAMSQ M 51t

Urushiol#} f- %A1 urushiol regioisomer, cardanol®] &
At G35 dolrr] fgke], izl Tkl S
aureus 8} I1FHSA Sl E. coli DH39 ¥4d3lF urushiol
regioisomer, cardanolE 2|3 & 2473} 36A 7ol &4
5 =439t 1 43 19 294 ¢} 2] urushiolS 227+
o) 5ol wel oA Aea 28 ST 5 YLk 5
IR S, aureusol| = urushiol ] 37 FE % o
olg]dt T = T 0= AFE-H phenold} ¥ 5233 TE 1
v, ke Al E. coli 9|41+ urushiol?] 37 HE 4]
A ThRF o2 Q1 DMSORHS: A8 3 #F R b= A
o] AE S & 4 Y. T3t urushiol regioisomer?] &
e gl o R A daRots Fol Wl o]9f &2 A}
ol It IR 1He] 72 A Q) Apojel] g8 o

[eZ
o u

o,

CidHzo C1aHag

X € 14 pghgBr Ha, PAIC %
— ——
0CH3 0CH 3 0CH 3

X=0Me, X’=0H, Y=Y"=H: Urushiol
X=X'=H, Y=0OMe, Y’=0H : Urushiol Regioisomer
X=X'=H,Y=Y'=H: Cardanol

Figure. 1 Chemical synthesis of urushiol and its derivatives
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Figure. 2 Antibacterial activities of urushiol and its
derivatives on S, aureus (a) and E. coli
(b). Antibacterial activities were determined
by absorbance at 600 nm.
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TFE G A vk b F 07 7E01%] urushiolo] o]
ol 771 UThHE biofilm 2] A& AA|8k=d & IS
Sk A& o2k 4= qlt) g4 ¥ urushiol o] S H S Yoty
7] 938te] A&} A 718 S. cerevisiael Z+Z}F2] urushiol 3}
S 9 2T o R HlEms Frhske] T AIRE Bk Mgk & 1
A A o] Zrrato] 2441 7F 52F 30°C oA v FsEATE 1 vk
IA| wjF] oA A et =5 Aloja A& EA 8T o]
1] Zupof| A &5k urushiol s t o= A oA B A
A9 [4], 4 Hurushiol | N E ZFst 78S HYS &
T AUtk dxzro® 209 #=52 EFurushiol FEA744]

E. coli
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Figure. 3 Antimicrobial effect of urushiol and its derivatives
on the viability of S. cerevisiae (a) and E. coli (b).

Aot AR ENE B (I¥ 3(a). ESE o] WYo=
urushiol ¥} 7 FEA 52 dAld &= elst A3} okA 2
elle)

A (¥ 2)3 32o] E. coli oM &= FAIRE 37 54 5&
Al ZRlsA T (719 3(b)). ©]+= 0]73 of] B 11% 2137 urushiol
o) ATHTR= Fgolel B £& o 7P Bolehs A
= DL QU o)) Qﬂr urushiolo] W =5 e 9}
AN T =T E 4 AE AL LT 5 A o ok ot
3hd urushiol®} 71 - =4 E©] biofilm /3o QlojA F+Qa3t
ATl S. cerevisiae2}S. aureus2} 7S T17FA]drol 733t
34 A S 7RItk Aotk & &3E HolA] XIlE.
coli °|4+= urushiol regioisomer®} #-2 urushiol®] T -
EAE B3l 1 252 71413} urushiol 3 FHF BulsE
Foll wpg} 5ol ARl F Al ES Ndsto] H A 2 A ARg-shtt
A F g9E 7K S AoE AREnh e i dtellA

A A8t urushiol 2 1 -ﬂ— A ] &+t B35 vl 4] &7
e oz trekst ulAEe] thgk minimum inhibitory
concentration ©Ju} Fi= 1G5 32 Ao & Alojt) 18
3 urushiol ¥ 7T FEA €] APEtel et aabE gRlst
of thekst gl oigk & 2Hg-S oldlshe Alo] Al &
ZtA| 2] Fke] - @ 8t

(adenosine triphosphate)= 2otgle A2 T A A R &
M, A3E7} Abol7=t] A Q.3 o[ g x| o] frt. whebs] o] ATP
= =4%l= AL Hoh JEsk A S ol = 4= Q1S Flo]
™, S35, Al oA o Aot = SH R dFEol A
il %@% Zr ] dojips Bop At 2fol & & F & Fo ="
& RIStk O AR, 9 40 B AAE
oMz 1 Afol7} mHlEkIE E. coli oA % i xel
ks

O

DMS()Q} T 2fol 5 HolFglon, A = SA A= 4
B4 HF 2o 2 & 5 QW S. cerevisiae AN E ZF B4
20 Aol 1 ATk Hol 4 AL YEFe R 2
& K% urushiolo] ] Holw &3+ 35 Bl AHol8le
tﬂ, o]: AAEY Q)= FHAS NYst=d 9lojA] urushiol @)
£ o2 71 E 5= QA st whebA urushiol o) theksk
‘IT_J_XH%% A sto] MEL FrAR Mdets AT X133
How v 4R AFS olAske] biofilme] A4S T u)
391 ol 1 Rolnk.
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Figure. 4 Antimicrobial effect of urushiol and its derivatives
on the growth of 8. cerevisiae (a) and E. coli (b).

A G35 KHolu, urushiol regioisomeri 1837 1ol
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