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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 N2t & Tz

21818 95} HA urushiol, urushiol regioisomer, cardanol
& @At Enleigick wot el oigt dERToR
phenol (Sigma)E AHE-3F3 2.7, urushiol® 71 FEAES
DMSO (Sigma)el o] ALg-3h3ich.

2.2 Urushiol &4

AA) obF 7HA &) 344 Q1 BE-g-& -84 urushol# 1 F Xk
AEE e o I FAF I ¥he-2 v 2t

1. 1-(2,3-dimethoxy-phenyl)pentadecan-1-ol : Mg (244
mg, 10.04 mmol)¢]] F< ether (10 ml)S A5t H, iodine (33
Zh& 23tk ¥ ether (10 ml) o] %<1 1-bromotetradecane
(2.78 g, 10.04 mmol)& ¥H-5-Eol HH3] o3t 173t 30%
71252 51T 0°C oA ether (20 ml)ofl 591 2,3-dimethoxy
benzaldehyde (1.0 g, 6.02 mmol)& M 3] A7} £, 16A|7F
St TrdsY v TR % 0C A 10% HCIE H7}bstaL
F715& ¥ & H, #7158 NaHCO; #8802 &y, &
) & NasSO.2 Ao 7etste] ¢Lcrude product
£ silica column chromatography (EA : Hex = 1:57 1:3)3}
o] 1-(2,3-dimethoxy-phenyl)pentadecan-1-ol (1.2 g, 3.29
mmol, yield = 54.7%)& 3 A 2 A3t

2. 1,2-dimethoxy-3-pentadecylbenzene : 1-(2,3-dimethoxy-
phenylypentadecan-1-ol (500 mg, 1.37 mmol)& EA®] o]
31 Fg HeSO4 (2 WHE)& Tt ¥ H, ice-bath 2FejA] 10% Pd/C
(50 mg)2 M3 F71ek 7, Ha gas 3follA] 2 A B3 20
A aabeiglth b T8 F, celited B8k} AT F, G2
filtrate: 2 NaHCO; 8807 71 2 B & NaSOE A
Z315c} 7eksked 1,2-dimethoxy-3-pentadecylbenzene (490
mg, 1.4 mmol, quantitative)g 3 TA= Agich

3. 8-pentadecylbenzene-1,2-diol (urushiol) : 1,2-dimethoxy-
3-pentadecylbenzene (490 mg, 1.41 mmol)& dichloromethane
o] olx ¥ Z, -78C oA BBr; (dichloromethane 89 [1
M], 5.6 ml, 5.6 mmol)& HH3] 7}l Th M A 3| 2 2E 2
o7 e Ao 2417k 308713 Wkl Tl 0% A MeOH
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4. I-(3,4-dimethoxy-phenyl)pentadecan-1-ol : Mg (178
mg, 7.36 mmol)ol| = ether (10 ml)= 3713t ¥, iodine (23
Zh& ¥ £ ether (10 ml) ¢f) =<1 1-bromotetradecane
(1.85 g, 6.69 mmol)& WH-g-Eo AA3| st 1413 3087}
2 55 3tk 0°C oA ether (20 mlyol] =<} 3,4-dimethoxy
benzaldehyde (1.0 g, 6.02 mmol)S IH3] F7}5hL & 5,
16217H 54 1Stk ¥ FE F, 0T oA 10% HCIE 3
7kt #7158 22 H, #715& NaHCOs F89 2% &
1, & ¥8 ¥ NasSO.2 ARt Zdste] €2 crude
product- silica column chromatography (EA : Hex = 1:2
—2:1)8t9]  1-(3,4-dimethoxy-phenyl)pentadecan-1-ol (740
mg, 2.03 mmol, yield=33.7%)& 3 1A Z It

5. 1,2-dimethoxy-4-pentadecylbenzene : 1-(3,4-dimethoxy-
phenyl)pentadecan-1-ol (750 mg, 2.06 mmol)S EAo] 9]
I A3 HoSO4 (2 2)S |3t H, ice-bath Aol 4 10% Pd/C
(75 mg)& A3 F7He H, He gas stellA] 2 Y FF A2
A aRketct. BE-E T8 F, celiteE F3to] oA £, 4L
filtrate $NaHCO; 8402 g1, & 58 ¥ NagSO.Z A
Z3kick 7Hbshed 1,2-dimethoxy-4-pentadecylbenzene (780
mg, 2.23 mmol, quantitative)S & TAZ Ak Side
product7} HFE ] o} AR &1 ohS w07 A 5}
Rk

6. 4-pentadecylbenzene-1,2-diol (urushiol regioisomer) :
1,2-dimethoxy-4-pentadecylbenzene (772 mg, 2.22 mmol)
£ dichloromethanee] =0l W % _-78Co|A BBrs
(dichloromethane €24 [1 M], 8.8 ml, 8.8 mmol)& 33| 7}
BT A A3 LEE AL 0T &8 AolA] 24]7F 30 7}
& wiEgitE 0Tl MeOHE 78t wHg-& F3A7)
1, solvent-2 7438kl 1t 5, dichloromethane & 34 8t17%
£ 33 o]} &%, §71%8 NapSO.Z AZET AU 25
3t} 4-pentadecylbenzene-1,2-diol (647 mg, 2.02 mmol,
yield=91.1%)& ¥ 1A 2 AL}t

7. 1-(3-methoxy-phenyl)pentadecan-1-ol : Mg (2.98 g,
122.41 mmol)of 5= ether (100 ml)S 3 7}3t 5, iodine (53
g YAt} F<r ether (50 ml) 9] 3%1 1-bromotetradecane
(33.95 g, 122.41 mmol)y& ¥H-3-Eol A 3] oj5tx 147} 30
71eF &5 313k 0T ollA] ether (200 ml)o]l 521 3-methoxy-
benzaldehyde (10 g, 73.45 mmol)& HH3] Hr}slx o 5,
16712} F<k 7Fdskginh vhg $8 F, 0T oA 10% HCIS 3
ek 7158 Beld 9, 47158 NaHCOs 45902 g
3, F ¥ F NapSOZ Az3ch Zetstel 42 crude
product£ silica column chromatography (EA : Hex = 1:5)
3o 1-(3-methoxy-phenyl)pentadecan-1-ol (24.6 g, 73.5
mmol, quantitative yield)2 & 142 H}

8. I-methoxy-3-pentadecylbenzene : 1-(3-methoxy-phenyl)
pentadecan-1-ol (24 g, 71.7 mmol)& EA°] o]z &
HySO;4 (7 ml)& B3t 9, ice-bath Aol A 10% Pd/C (2,4 g)S
A3 A7bet H, He gas shellA] 2 d ¢ 204 wwkstsd
ok W FE F, celite: T3] AT F, I2 filtrate s
NaHCOs; F8&H 0 & 71, 3 ¥2 F NasSOs& 1233
7+43ted 1-methoxy-3-pentadecylbenzene (16g, 50.23 mmol)
£ 3 A2 93tk Side product7} HEE S O A A 3HA]
%31 thg Hbg o7 WY Qi

9. 3-pentadecyl-phenol (cardanol) : 1-methoxy-3-pentadecyl-
benzene (3 g, 9.42 mmol)& dichloromethane®| o)1 W
%, —78C |4 BBrs (dichloromethane £ {1 M], 38 ml,
88 mmol) & AA3| FFaiTh. HA8) LEE AL 0T 87 A
2ol|A] 2hr 30min 7} WHEEIITE 0 C oAl MeOHE 3471310
uh8-5 ¢ A)7]11, solventS 73¢}5lar ¢ H, dichloromethane
Z 34X 8t 7 33 o) F2F, §715-8 NasSO. 2 A =3}
At @ F73l 9L crude productd silica column
chromatography (EA : Hex = 1:10)3}%] 3-pentadecylphenol
(950 mg, 3.12 mmol, yield=33.1%)& 82 A2 LI}
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oA A 0% Saslslch k) NS 8
G AR o) HEE E. coli & S. cerevisiae & EF %7} 0.6
ol B 71808, 24212) A WAl 109} 214 2ol 100 14
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o :£.9] urushiol, urushiol regioisomer, cardanol, phenol-&
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1577 o)A A7l T, luminometer 2 &3 8+ t},

3. Znt W oE

3.1 Urushiol ¥ urushiol S&Ex &
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2] 9] Frkzol 23} CisHy 715 2 EHERE 34 84
ok 53 ¥4 A4S 2 I EY AL, 4H o) AA)
7FEAAEA &, T2 A6 B340 e e
2 9=t O AR E I3 19 el Aldehyde”] 9}
—OCH; 717} benzene 312] 9] 8| X)) X3¢l S4E%
< EF AP E o R dojr, o§7]of Grignard ¥+-2 0 2 C-15
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o, upx]2to 7 BBryE ©]E3lo] —OCH:E Er 33l 7}
Zhe] HE PHES 2k

3.2 Urushiol® 1 SEXSo atM7 &1t

Urushiol #} -f- =491 urushiol regioisomer, cardanol ] 3
A BFE dotrr] HAste], tiEAA TFPHA S
aureus & TIH-SAATR E. coli DHzol 3433 urushiol
regioisomer, cardanol& 23} & 24A)7+3} 361710l &3
£F 249190 22 25} 19 201499} o] urushiole: 2t
o) ol ek e e AE FAT 4 AR 59
7 d+<l S aureusol| & urushiol?] 77} FEEF 0
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Figure. 1 Chemical synthesis of urushiol and its derivatives
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Figure. 2 Antibacterial activities of urushiol and its
derivatives on 8. aureus (a) and E. coli
(b). Antibacterial activities were determined
by absorbance at 600 nm.
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Figure. 3 Antimicrobial effect of urushiol and its derivatives
on the viability of 8. cerevisiae (a) and E. coli (b).
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7 AA £%& /HRYE Folth. & AFE HolA XJE
coli |43 urushiol regioisomer 2} 72 urushiol?] ©&
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A A3t urushiol @ 71 549 T E3& Fo] &3] €71
s o2 tiekdt ulAlEo] t)3 minimum inhibitory
concentration ©|u == 1Gso #h& ZARSoF & Zlojt}h. 18
I urushiol @ I XA 9 Aol it 298 #91s
of cheFst Aol thdt 3t 28-S olslishe Ao AFHAA F
AFAZ ) kel I sttt

3.4 ATP &30l 7|42 = urushiolat 1 REAEY A&at

FATE oS3 WL 7 AUFHA s ¢ F ded,
AAA o7 Qs A= ool 7] o] ddHes
TN FAE 5 Ue T o G S A ATP
(adenosine triphosphate)= 2olSlE= M E 2] R4 A ER
A, NE7} dotrhzd B gl oAl o] drt whabA o] ATP
£ A= 22 no A AdT Sl 2 F A& Ao
o, FETY, DA A Y W = SH R FFE A2
2 EAES 7t dojuh= noh Al xpol & E S AL
At AP-E wAsIAT 1 AH, 27 404 Be AAH
FFZANE I Aolvt wHIERY E. coli AX % 2]
DMSO$} 23 5t 2ol & RoFF on, g 5 ZH A= 7
EQ HE 2olE & § YUY S. cerevisiae NN E 2 S
2 FHTA)IE B F YU BolHJA AL 2722 2
#3505 urushiolo)d oW FAF 572 Bl Ao
dl, ol& A4 Sl FAE /Ngsk=d 1914 urushiol 9
885 o 7[dE A 3k @W2bA] urushiol & TheFgt
FEAEE A A2 FTAR ks A7 18
2o g | PE2] & A8 biofilme] B v ¢
74 o] & Aot

4. 2 B

2 ATE 3T T OS5 2L AAE =&
(1) 3}8-8 o 2 A% urushiol?d 7 FEANS B5E A
ZA 28 5 2738 Bdth

(2) 53] urushiol & 1FEYFRTH: TFPYF) s F



E. coli
250000
o 200000
e
® 150000
A
[
= 100000
3
- 50000
0
Qé\
Treatment
(a)
S.cerevisiae
40000
$ 30000
| end
@
pr
¥ 20000
=
e
= 10000
0
Q\\\
Treatment
(b)

Figure. 4 Antimicrobial effect of urushiol and its derivatives
on the growth of . cerevisiae (a) and E. coli (b).
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