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Abstract: Furan-containing epoxide monomers (8, 9) were designed and synthesized as carbon-neutral,
environment-friendly adhesion material. Bicyclic skeleton were constructed using the Diels-Alder reaction of
furan and methyl acrylate, both readily accessible starting material from a biomass via bio-refinery process.
After reduction of ester functionality, resulting hydroxyl moieties were coupled to epichlorohydrin to provide the
epoxy-functionalized furanic monomers (8, 9). The structure of new furanic monomers was confirmed by 'H
and "C NMR spectroscopy. As UV-curable monomers, basic properties such as UV curing time and the extent of
UV curing were evaluated by photo DSC. Photo-curing shrinkages were measured by linear variable differential
transformer transducer (LVDT) and the effect of molecular structure on shrinkage was considered. In addition,
new synthetic compounds showed the shear strength over 3 MPa when they were photo-cured between
polycarbonate plates, which indicates these compounds are feasible to use as photo-curable adhesive materials.
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Figure 1. Bio-refinery process for furan-containing compounds employed as starting materials in this study from carbohydrate

biomass.
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2. 4 #

2.1. AleF H 717

HE o] Ago] gle o, B dATolA e A
" AeF 2 8wl Aldrich, TCI, 94FFE, tiAst=
5o gut AloF FujAboll A TS ke AA glo] Ak
39T} 0.5 M dry HCl / MeOHS F4 MeOH 100
mL & 3.56 mL®] acetyl chloride (0.05 mol)S ©}=
E718HA S R0°C)NA 8] 7hsted A=
st WEg-o] 8 o = MerckAMS thin-layer chro-
matography (Silica gel Merck 60Fass plate, 7] 0.25 mm)
£ o] &3k, AR EA oF= UV (254 nm) HZ
== 28N (KMnO,, anisaldehyde)S Z3l $ heat
gun O 2 7}EEt] spotS FASATE A EO EE=
Flash A2RLE T 0H-& A3 O™ FXEREE silica
gel 60 (Merck, 230~400 mesh)S AF&3}th LiAlH,
3 WS 221 tetrahydrofuran (THF):= sodium-ben-
zophenone ketylo| X $F73te] HA|ste] AR
'H € ®C NMR 42 Varian INOVA-399 (400 MHz)
£ o] 8390, tetramethylsilane (TMS) -2 residual
solventE internal standard® AF8-3}$3 31, chemical shift=
ppm, coupling constant (J)= Hertz (Hz)Z WERJAT

2.2. BlgtE U

endo-methyl 7-oxabicyclo[2.2.1]hept-5-ene-2-carboxylate
(3) [Ester (endo) 3]. 2 exo-methyl 7-oxabicyclo[2.2.1]
hept-5-ene-2-carboxylate (4) [Ester (exo) 4]. °}F2 £9]7]
St A 100 mL sube E2k2230l Furan 1 (24.0 g,
352 mmol, 3.0 equiv.)¥} methyl acrylate 2 (10.0 g, 116
mmol, 1.0 equiv.)E ZE|Z 7Fstal -20°C2] I&-4F
FTHS A5t wwEtATh BF;s etherate (1.5 mL)E
AHA R 38 Z7gE & 5°C os(W7d4)el A 10 h
B wtete] RESSEA T o] & Whgs Az Y]
2 7)1, CH.ClL (300 mL)ol 343 b2, f715<
Z+z} 200 mLe] =7/, 5% sodium bicarbonate =&Y,
Z3} NaCl F8Ao =2 AHE AHS & F& AA
(MgSOy) % o=, 79f 553 ¥ Flash A2vME T T
(hexanes : EtOAc = 7 : 2)& &3}t WA elution

= F-EollAl Ester (endo) 3 (12.3 g, 79.0 mmol, 68%)<
Ao, Uzol elution == FEolA Ester (exo) 4
(441 g, 28.0 mmol, 24%)5 Zt7 AFMe E @
dFo s AATH10,11].

Ester (endo) 3. 'H NMR (400 MHz, CDCL) : & 6.44
dd, J = 60, 12 Hz, 1H), 623 (d, J = 6.0 Hz, 1H),
517 (4, J = 44 Hz, 1H), 5.03 (d, J = 4.0 Hz, 1H), 3.65
(s, 3H), 3.13 (quintet, J = 4.0 Hz, 1H), 2.11 (ddd, J =
11.6, 9.6, 4.8 Hz, 1H), 1.59 (dd, J = 11.2, 3.6 Hz, 1H) ;
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"C NMR (100 MHz, CDCL;) : & 172.9, 137.3, 132.8,
79.3, 79.0, 52.0, 42.9, 28.8.

Ester (exo) 4. '"H NMR (400 MHz, CDCl;) : § 6.40
(d, J = 5.6 Hz, 1H), 6.36 (d, J = 5.6 Hz, 1H) 5.20 (s, 1H),
5.08 (d, J = 4.0 Hz, 1H), 3.74 (s, 3H), 2.44 (dd, J = 9.4,
3.6 Hz, 1H), 2.20-2.15 (m, 1H), 1.57 (dd, J = 11.4, 8.6
Hz, 1H); "C NMR (100 MHz, CDCL): & 174.4, 137.3,
134.9, 81.1, 78.2, 52.4, 43.0, 29.3.

endo-T7-oxabicyclo[2.2.1]hept-5-en-2-ylmethanol (5) [OH
(endo) 5]. o}2 E2]7]5olA 100 mL Tk =2
2~39Y| LiAlH, (852 mg, 22.0 mmol) % ¥4 THF (50 mL)
E 7k & wdtetdnh. A" 3Ae] M-S
dSFTES AMgSke] WZhst & F<4 THF 30 mLol
3|2 A7) Ester (endo) 3 (3.46 g, 22.0 mmol)S FHH3|
Z7Veta, o)%F IS THS AASY LA 244
b Bt whkste] WA TE BES $FE F A d
=8 Sl E£3} sodium sulfate =8-S 3] 27}
ste] e ALgE LIAIHE AASATE olu), 2134
o A3 AJEfe] whgHo] AN slury FEE ¥
st As 1 & ATk o] F ¥EEAS Celites
7t EE Fall o34s & FES FY CH.ChL, 28I
CH;CN-EtOAc (1 : 9)& A2 AlFstdch 7] A
E5 Bol 8 AAMS0s) E A3, et w59
Flash ZZ20}E T8 3(EtOAc : CH;CN = 7 : DE &
3t OH (endo) 5 (1.82 g, 14.0 mmol, 63%)S T
2UE AATH11,12]. 'H NMR (400 MHz, CDCly) : §
6.40 (d, J = 6.0 Hz, 1H), 6.30 (d, J = 6.0 Hz, 1H), 5.04
(d, J = 4.0 Hz, 1H), 4.95 (d, J = 4.4 Hz, 1H), 3.58 (dd,
J =62, 44 Hz, 1H), 3.23 (t, J = 10.0 Hz, 1H), 2.50-
2.42 (m, 1H), 2.01 (ddd, J = 112, 9.6, 48 Hz, 1H),
1.47 (br s, 1H), 0.72 (dd, J = 11.4, 42 Hz, 1H); °C
NMR (100 MHz, CDCL) : & 136.8, 132.4, 79.6, 65.4,
40.8, 28.0.

exo-T7-oxabicyclo[2.2.1]hept-5-en-2-ylmethanol (6) [OH
(exo0) 6]. S+ = Ester (exo) 4. SI&E 4 (1.50 g, 9.70
mmol), LiAlHs (350 mg, 9.00 mmol), 28|32 THF (10 +
10 mL)E ARE3Fed, 24 OH (endo) 5 FAWHY 5
S 2HAA H-E 2 work-upS FSEY, HE3HoR
Flash ZZvFETI(EtOAc : CH;CN = 7 : NE 2]
3le] OH (exo) 6 (0.65 g, 5.10 mmol, 52%)2 FHI oY
2 AJTH11,12]. 'H NMR (400 MHz, CDCLy) : § 6.34
(s, 2H), 4.97 (s, 1H), 4.89 (s, 1H), 3.79 (dd, J = 104,
4.8 Hz, 1H), 3.63 (t, J = 9.0 Hz, 1H), 1.96 (s, 1H), 1.81
(quintet, J = 6.1 Hz, 1H), 1.42-1.40 (m, 2H); “C NMR
(100 MHz, CDCL): & 136.40, 135.0, 80.2, 78.2, 65.6,
39.8, 28.4.

endo-2-((oxiran-2-ylmethoxy)methyl)-7-oxabicyclo[2.2.1]

o T o o
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hept-5-ene (8) [Epoxide (endo) 8]. 100 mL <HIE &
gFo) oI FZZSlo]=- 7 (1.20 mL, 15.5 mmol,
3.0 equiv.) 12]3l tetrabutylamomnium bromide (TBABTr)
(90.0 mg, 0.27 mmol)S A= It AH3s] A= uRk
3t °F 5 mLe| THF 343 OH (endo) 5 (630 mg,
5.15 mmol)E &-2olA A3 A7} F Fol A 2413
Ag3| AsiAnh o)F WS BAATV|E &),
54 ¥ EtOAc ZF 50 mLE 718 & {7158 23]
A Z3ta 23 NaClFgA o2 A3t MgSO.=
T AASA, A3t A §5T F Flash A20HE
2 7] (hexanes : EtOAc = 2.7 : N2 £2]3+4] Epoxide
(endo) 8 (367 mg, 2.91 mmol, 57%)2 FH3I odgog
34389 TH13]. 1H NMR (400 MHz, CDCI3) : § 6.38
(d, J = 5.6 Hz, 1H), 6.27 (t, J = 5.2 Hz, 1H), 5.01 (s,
1H), 493 (d, J = 4.4 Hz, 1H), 3.71 (ddd, J = 14.0, 11.2,
1.6 Hz, 1H), 3.46-3.26 (m, 2H), 3.12-3.01 (m, 2H), 2.80
(t, J = 44 Hz, 1H), 2.59 (d, J = 2.0 Hz, 1H), 2.53-2.51
(m, 1H), 2.03-1.96 (m, 1H), 0.699 (dd, J = 11.2, 4.0 Hz,
1H); 13C NMR (100 MHz, CDCI3) : & 136.6, 132.5,
79.8, 78.5, 74.2, 71.9, 51.1, 44.3, 38.1, 28.2.
ex0-2-((oxiran-2-ylmethoxy)methyl)-7-oxabicyclo[2.2.1]
hept-5-ene (9) [Epoxide (exo) 9]. S3E OH (exo) 6
(500 mg, 4.09 mmol), NFEFEZE3}lo]=d 7 (1.0 mL,
12.8 mmol 4.0 equiv.), 50% NaOH 58 (1.50 g, 18.8
mmol), tetrabutylammonium bromide (TBABr) (100 mg,
0.31 mmol)& ©]&3}] Epoxide (endo) 8 &3} L3
Fo2 ¥ 9 work-up 3+ TF ©]F Flash AZ0lE
¥ ¥ (hexanes : EtOAc = 2.7 : )2 E&]3}e] Epoxide
(ex0) 9 (420 mg, 2.40 mmol, 60%)S T3 QAo
2 A3ATH13]. 'H NMR (400 MHz, CDCL) : &
6.32 (s, 2H), 493 (d, J = 4.4 Hz, 1H), 4.87 (s, 1H),
3.78-3.73 (m, 1H), 3.59-3.51 (m, 1H), 3.48-3.36 (m, 2H),
3.17-3.16 (m, 1H), 2.83-2.80 (m, 1H), 2.64-2.59 (m, 1H),
1.91-1.82 (m, 1H), 139 (dd, J = 11.6, 8.4 Hz, 1H),
126-123 (m, 1H); “C NMR (100 MHz, CDCL): §
136.1, 135.1, 79.6, 78.0, 74.5, 72.1, 51.0, 44.5, 38.2, 28.7.

23. 4=l HAs 53

B Agol= 7 3}E(conversion ratio) ¥ B3} &=
(curing rate) 5¢ S-S 913l DSCOl 3733} AAAEE
423kl Photo-DSCE  AlZbste] Ag-3tth. DSC+
TA InstrumentAHe] Q-1000 DSCE AHg-3l%on, BUe
Z4e AE(100W, Intensity: 50 mW/em')S AR5}
%31, Photocalorimetric accessory (Novacure 2100)& &
gl DSCE A3 A4zt MAAE ol F73
JAAIAIQ] IRGACURE 250 (Ciba Specialty Chemicals)<
1 wt% AHE3EAT. E42 5+ 25°CE 118t A
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Figure 3. Synthesis of monofunctional epoxide compounds (Epoxide (exo) 9 and Epoxide (endo) 8) containing 7-oxa-bicyclo

[2.2.1]heptene bicyclic skeleton.
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(a) Epoxide (endo) 8, and (b) Epoxide (exo) 9.
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Aol ZolEm A=l AT s FASH ==t
olgA A 2 FAA He A AsEA
Aoz #ds 4 9, B Ao AMEEH Epoxide
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Figure 5. Photo-DSC profiles of (a) Epoxide (endo) 8 and
(b) Epoxide (exo) 9.
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Figure 6. Shrinkage of (a) Epoxide (endo) 8 and (b) furfuryl
glycidyl ether (FGE).
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Figure 7. Shear strength according to photoinitiator ratio
after UV irradiation for (a) 1 min and (b) 5 min (filled
circle : FGE, empty circle : Epoxide (endo) 8, inverted tri-
angle : Epoxide (exo) 9).
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