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Olefin Metathesis Curing Reaction of Essential Oils in Korean Dendropanax Lacquer
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Abstract: Raw sap of essential oil in Korean Dendropanax lacquer was extracted with ethanol, and which was
cured by using ROMP (ring opening metathesis polymerization, one of olefin metathesis). Curing behavior
with subsequent film properties were studied and compared with conventional curing (under ambient con-
ditions) and UV photo curing. The compositional changes of major ingredients in the lacquer before and after
curing were studied by using GC-MS (gas chromatography mass spectrometry). ROMP-cured coating film
showed higher gel contents (40%) as compared to those of conventional (8%) and UV curing (25%). ROMP
curing with 2 wt% Grubbs’ catalyst at 100°C completed curing reaction within 2 h, which was much faster
than that of conventional curing. The quality of coating film prepared with ROMP was more homogeneous
and wrinkle-free as compared with that with UV curing. It was found that major ingredients of sesquiterpenes,
such as « -selinene, [ -selinene, and ¢ -cadinene were reacted in ROMP, as well as polyacetylenes.

Keywords: Dendropanax lacquer, ROMP, Grubbs’ catalyst, Sesquiterpenes

1. A E

3z e 32 (Korean Dendropanax morbifera lev-

eille) MAHOFZHE] AdojAH, Folro} & g}e}
dR AHo| Bx3 YFZ 7 FHe FFHS Iy
= 18 A% FEH 2AZ dREH 1T FoE
AAST 58 Foe FIoz wis ALy
o] Y] FHL MAT FF, oF 2L, WEAA,
Axsa, WEED, RAH Fol Mol %
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2.1. M=

33 e AYGYE UF 4YAUAFLZEE
Asston], 31 Eaole % 2 AAE 9aA
ol EF-&(ethanol), ©}FA|E(acetone), 4Hhexane), TIHEZF
Z2}o] =(dimethyl chloride)E Sigma-AldrichAFZHE] -]
ste] A qlo] AHgSHRATE G A ROMP &<
&A1 1M Grubbs catalyst & U<l benzylidene-bis(tri-
cyclohexylphosphine)-dichlororuthenium<  Sigma-AldrichA}
23Y skl GAl glo] Ag-stlth

22, R E2Ho| =& 9 HA|

A7) FHE FAUYF FASEREH d& Zlo®
SRS AW A% 2 2L A o Basid
S, ofME, 4t TOE FEFE A
E=RoAE ROMP A3 S Sl Jbsd Be A
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(40% ©]% sesquiterpene FE)S FEL F

< & F=o dEiAT dFEAT FE AXE=
AL 53 FL2(-10°C)7F AZH Soxhlet FEAXE
AHEstE T WA T2 vke E2H2~3(500 mL)ol F=
£ 200 mL 7} ¥, Soxhlet F& A= X517 L
w, 5 g 3 YNLe YL thimbleS Fx] Yo ¥
reflux Z7(-10°C)A A F=3I3( T 5 A Z8k239
LEE 100°CE FAER oW, 24 h B¢ F=3ATh
o|% =34 F57|(rotary evaporator)ES ©|8&3l] ZF-
FeEfell A 80 mintt FFdHs WHoR AL F= A
AetAct 34E 3 AA givl 93 wi%st 3
Ak A Aol HE FAL fd GC-MSH
(7890A-5975C GC/MSD, Agilent, USA)¥} 2 &4 H3&
A1H(FT-IR, 8400S, Shimadzu, Japan)S ©]-&3+3ith.
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Table 1. Representative Ingredients of Essential Oil from Extracted Korean Dendropanax Lacquer.

The Other Ingredients

(Fraction = 0.14) Detected Less than 0.01 were Not Listed
No. Retention time (min) Ingredients Fraction (-)
1 13.54 B -Elemene 0.01
2 14.12 a -Amorphene 0.04
3 15.29 Germacrene D 0.20
4 15.42 B -Selinene 0.16
5 15.53 a -Selinene 0.16
6 15.85 0 -Cadinene 0.11
7 17.96 7 -Muurolene 0.08
8 18.18 a -Cadinol 0.02
9 18.27 (+-)-5-Epi-neointermedeol 0.03
10 28.30 Bezene,1-(1-buten-3-yl)-2-vinyl 0.04
11 29.59 5,8,11-Eicosatriynoic acid, methyl ester 0.01
Total 0.86
oNergol ol v sk L GCMSE BAsGh A% A A% wrge] FagPold wu Fye Fa
7A8l7] #WZe] BEE 200 mWem'E Ao, AEoE dHZl Z oA (EE conjugated diyne
743} A|7FS 2, 15, 22 min®] A (FA o E R FPste compounds) 3 &2 Table 12] 11¥ AEo=Z F7F A
A3} Whgo] fAE= ARES glskT = oF 1%4el HA Fgtt FHAS 72 h 54 IF
2 Aet Ao A, viEE=E PP BE ol # LEoA bt SEAIR &, GC-MS #A43 A3
2 Qo =W F Awe] 9FY T HBs ﬁﬁ}— 2 oAl st o, Table 14 R whe} ol
FBAZA ol W /1L 207°CoIYOM, FE e FaYEEel auR TS FAAY F
FEE NUE BEIUD o] F Augd] =u $2 HRESS AL w4EA ¥ 4T BAYS
maulol, Ho} e AREL GOMSE EHaAT. ¢ % Ao
ek, d g FFHel Thed fFEAEC daiAMs
3. 21} 4l E9 &S o] &3 FE=HE oA B vk o,
F ARORE BaE 197 TP FAY HF 2
3.1. NN SEIHo| ME HA olFEra TEE dHA At olgL &9 F
AA Ao B FolS 93 GC-MSHE oL 2] obA| e #(polyacetylene == conjugated diyne com-

sl oW, thEA 9 essential oil A&l thsfA o}
o] Table 1] eIttt 42 o] 1 wier} =

A e AEE0l A= Table 10 F7]8HA] %S

H, ZA el oF 14%°l HF= ATk Table 19 YERA
gzo] 48 AEL UEE CHuo UukA 3lskae

7H sesquiterpene ol 3 Z= ™, 204.35 g/mol2] E-AMF
< 7Kt

Ho Hug Ass 2y, 49 Fe4EL 8
-elemene, copaene, @ -cubebene, naphthalene, /3 -selinene,

8 -cadinene, 7 -cadinene, A -cadinene, junipene 5°| &
Aste Aos delA glom, AN AY % £ A
7, 3% g, 2 g 2 s3] w24
FEFS 2dEdtie). B ATolA FFH F AES
germacrene D, «-selinene, /3 -selinene, o -cadinene, 7
-muurolene o2 A9 F 70%°l MFETH AA

pounds)®] TXE 7HAAL JoH, IV Fo =F Al
AA AtstElE A JERATs]. eldgel =3
Uvell tisiM= Fgo] W= of, Exlgo] FrslAY
AslEs 5L 7RItk Hold REFEAHAA g
ot AF w4 Ajte]l 54 I A& 2100-2260
em'ol A UERGH, olMEHl FxolAM shtel fant
XghE A 21002160 cm' oA, ¥Z FA2IF BT X
8 A9 wgAold 2190-2260 cm'ollAl, conjugated
T2 A9 2250 cm’”, 2260 cm oA YERIA T}

B2 AFelAE BA Aol thfiA FT-IR &4<
gslRoen, 7 A= Figure 19 YERAITE 2100-2260
cm’ FO|M HAEE Zejoxgde] A A v
= Table 191 149 B3} e AEA HAEo| 715}
W}, GC-MS ZAFoA & 4 Q=o] B ghefo] ol
AEo] HA %= Aoz AztHETh GeMS AFollA o

A W AH Z16H 43, 2015
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Table 2. Factions of Major Ingredients in Korean Dendropanax Lacquer Before and After Different Curing Methods

Methods

Ingredients Before Curing UV Curing Conventional (Natural) Curing ROMP Curing'
@ -Amorphene 0.04 N.D. N.D. N.D.
Germacrene D 0.20 N.D. N.D. N.D.
8 -Selinene 0.16 0.16 0.09 N.D?
a -Selinene 0.16 0.13 0.07 N.D?
8 -Cadinene 0.11 0.07 0.03 N.D?
7 -Muurolene 0.08 0.08 N.D? N.D?

'0.2 wt% of Grubbs® catalyst was used and the curing temperature was 100°C.

*Not detected in GC-MS.

4000 3000 2000 1000

Wavenumber (cm'1)

Figure 1. Representative FT-IR spectra of extracted Korean
Dendropanax lacquer.

ZFo] terpeneF7t HEH A
em!' 2 955~980 cm loﬂ A terpeneFolA %
Z Age] fart Hee] dSHs

Zo] FT- IROHHE 1604
=5 o
& 5 9}1:}.
3.2. & EOio| F3l Hig 54

A F7HA olghg Hl OMlE FE A &%
oA & & (polyacetylene) 3 =T 5
ZEgom olgd HdEEol E”# R

%)

o
)

o=
gt 2ud u glov, $He Fa 3l
terpene % A3} HFSo Fost= B} A&

ol
A% A7E Hot gk B Aol AE ROMP, UV
o, A4 AW 5 37k gl o3 33 Ae
ASAA T oAl DA ol A5 el ela)

2 e AEES GCMS E4HE T3l Sy

e uv B AR ARE 1 22 min), AAEBHTY)
% ROMP 7d3K4 h) & =9 W) EAlek= =2 A2 «a
-amorphene, germacrene D, [-selinene, «a-selinene, &
-cadinene, 7 -muurolene®l] A GC-MS #£4]-& 4345}
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(a) Without UV
—— (b) UV for 8 min

(c) UV for 15 min
— (d) UV for 22 min

4000 3000 2000 1000

Wavenumber (cm'')
Figure 2. FT-IR spectra of UV-cured coating films from ex-
tracted Korean Dendropanax lacquer. The arrows indicate
C=C peaks at 1604 cm™ (stretching) and 889 cm' (bending),
respectively.

T A A]) S 2418k Table 20 A E]stkaith
UV 373389 A9 ZAF AlZEo] 2 mindl A, 15, 22
min7}A] F7s7F Hgghel whetA] ofghgof Zol 7
k3o FrofstA] eke= ' M 20004 18,
Al 127 /2 2 AV AR ™ 22 min ©]
Fole Ao W3yl glo] A3} whgo] TAES g
T AT AA Azl A9, 793t AA A3k
T 24" Ao 1559 AsEA g dEol

> 1o 4
N Y m.?L‘

AZHAT. AA Aol o T A3t 7hes A
HOZ y-muurolene, a-selinene, pS-selinene S©]H,

A Azt 2 uv BAS & o A3t vhed AR
o= germacrene D, @ -amorphene$] <
ROMPHo olsf Zstda A%, 7|9
GC-MS 24 Aol A HEHA Bt
73} Whg H3o] olF Agte WHIE ARy §
3 FT-IR £42 433}9.2H, Figure 20| UV 3733}
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(a) Without Curing
— (b) Curing with 0.5 wt% Catalyst
— (€) Curing with 2 wt% Catalyst

t

1000

4000 3000 2000
Wavenumber (cm'')
Figure 3. FT-IR spectra of ROMP-cured coating films from
extracted Korean Dendropanax lacquer. The arrows indicate
C=C peaks at 1604 cm’! (stretching) and 889 cm’! (bending),

respectively.

A, "S- AIZF 8, 15, 22 min & AZo] thsiA] FT-IR
2HEHS YepJAoh 98 AZlo] ZFrhgo uhet

A, 852918 cm’ peak WHA (C=C bend)°] 56364
5156 (arbitrary unit) .2 7FA3S & 4+ UATHFT-IR
AFENL E7FssiY, -CH- ¥ -CH;9 B3-S Y
A 1A T ) vlmw). =3 1604 em'e] C=C
stretch peak= broaddj A= Z& T3l A3} wkgo] %
S & F A}k TY oF 30 mine] AUYAE
olF AL AL HFEo &3] wkgo] AR
Zees ¢ T AT

Figure 30l %3 dHz FAA F&F il Grubbs’
catalyst®] &S Z+zF 0.5, 2 wit%Z F43He] ROMP
Hoz A3l 33 =9t tig FT-IR 2~ EHS
Yet Aot Zuj7l £017F ROMP 74371 z1siE A8
Z9] A, Fuje] ol #AgGlel BE AMEANA 889
em'®] C=C-H bend peak®] 4|77} ZHa¥ ZAogE R
of, s} whgo] Ad3d MAEHASES 9rsH, uv
B7ste] MEZ7 2ol 1604 cm'e] C=C stretch peak=
broadd| A= As #FT 5 UUTh

Figure 40l &< OB] Grubbs® catalyst®] < 0,
0.5, 2 wi%= FUZ FAHS DSCel ¥ 100°CH
2T 5 FASIHA Aoz AFE= Mg gt
SEe FAs YEd Aotk 100.00°CE 7|02
Suj7t v E3HE G Ne] e & WHstE dET
T sy, Sl 57105 2 2 wi%] A5, A3t
kgl ofgk Hh-gERE Qg mAg 2EsE #EAS
T AUt 2=HstE e FEF @ A o

240 min7FA] YERg oy SFujo] 5T & A9 2%
Hel= ¢F 120 min7hATE FEEHIY o]lE T3

100.04 1 — (a) Without Catalyst
—— (b) Curing with 0.5 wt% Catalyst

— (c¢) Curing with 2 wt% Catalyst

100.02 4
© ©)

100.00 -

Temperature (°C)

99.98

99.96 1

100 150 200 250

Reaction Time (min)

Figure 4. DSC thermograms of extracted Korean Dendropanax
lacquers with different concentration of Grubbs’ catalyst.

Figure 5. Optical microscopic images of (a) pristine electro-
galvanized steel plate, (b) UV-cured Korean Dendropanax
lacquer coating on electrogalvanized steel plate, and (c)
ROMP-cured Korean Dendropanax lacquer coating on elec-
trogalvanized steel plate.
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% ggiek

3.2. &2l zolo| 2| EN

UV 373 2 ROMPHO| 73} A dA8 33
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e Arletd=a74e] FstEnd ARRlE UE
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OMRIEFAE 29 If9 HEES JeEa th
UV 37A43E 58 dAE ) AL 2d Z4d 29

=
ol
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AoH, o= UV B3t Al
datso s s FHH= A
KX

nojETh W (o) AHde) A%

2 Ay Lo

HE W oA 2 16H A42, 20154



Olefin MetathesisE ©]&3F 332

Table 3. Gel Contents of Cured Korean Dendropanax
Lacquer Film (Extracted from Ethanol for 24 h)

Essential Oil®] 733} Wh-g-o 3k oA+

Method of curing Gel contents (wt%)

Conventional (Natural) curing 8 +3

UV curing 25 + 3

ROMP curing

(02 Wt% Grubb’s catalyst) 40 5

fo b
>
3
e

iy 1o
o
>
o
o
[
fo
i
32
o
o
3|
y
o
=2
=

3

Sl A= tjFiEe] Fa
AEE°] GC-MSAA HEFHA ol 100%0] 717k
A s ZIgetg oy A SHAT= <F 40%4ol
A ekskth A2 ROMPH 28 738 whg AE
9] GC-MS Aol A JFaFe] glycerol@} sorbitol, man-
nitol 5°] AEE ] F7] FA ROMPo| 2Jgt s}
HEg- o] ejol] FRIE R e ThFg F Hkgo] s
T YSe & F Ak oo YEiE F1Ed AT
7t B Zlow AztHEH

4. 4 E

A FHAES Sujjol] o)
essential oilS UV #7433}, A7
lystoll &J3 ROMPH| 9j3] Zstd =uhs FJA3HA
ok A AHgE Sule ofAlE, oes H A4S
AbESEF o ofghge] A9 TPt ohdd e AR
o] AEE o] oetSZ AAlE A tisiA 3714
AZ & WAUSFY A3t s 83t =

FEIIHoH, F24
3} 2 Grubbs’ cata-
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FAAAT A T FAA= A g Fa A
ot} 2ute] Fg MHEoOE A EZgjotA g
AR FHFLE 1% vt R uf$ ugith 33 mut
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Suto] EAo) tialiA] @Skt A At A
o] #dg 7ol FAHJY A3t Azte] 79
oo E wlg- 4, UV Asle] A5 A3} vkE AIZE
< 22 min AEZ FUo mH| FFo| HAY}]
W11 A X3 5ol FAHUTE HH ROMP 7 E}
-2 5 glo] o] -3 dES /Y F

A
Aew, AA Aslhy uv FAskel vl T8 ses-
quiterpene%! @ -selinene, [ -selinene, & -cadinene &
5= ROMP 73} wbgoll Fojste] F2 Aztol| Wl
=2 A FHFHE0%)= A= EEel UG B
ATE Tl AA A3 dbEA &3 zuks JAAS
o1 &%l conjugated diyne compound ©]9]ll sesqui-
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