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ABSTRACT: The syntheses of thermal latent catalysts have been carried out by modifying
the substituent of pyrazinium salts. The thermal latent properties and cure behaviors of di-
functional epoxy resin (diglycidylether of bisphenol-A, DGEBA) with 1 wt% of catalyst as an
initiator were investigated by dynamic DSC method. As a result, the synthesized catalysts
showed the good latent thermal properties in epoxy system. With increasing the basicity of
substituted catalyst, the cure temperature and activation energy of epoxy system were in-
creased, whereas the activity was decreased. This was probably due to the fact that the
activity and cure behavior were controlled by ring strain and basicity of substituent. Conse-
quently, the catalyst activity modified by methyl group as an electron donor was decreased in
increasing of basicity in an initiation step of epoxy cure system. This is due to a decreasing of
stabilities of both leaving group of pyrazinium salts and benzyl cation. However, the catalyst
activity modified by cyano group as an electron acceptor was increased in increasing the sta-
bility of benzyl cation resulting from organic effects and resonance.
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X g 2 B57)E§ ZE pyrazined 7jEoz &
o}, AldrichAle] &% 99% Q! pyrazine ( I), me-
thylpyrazine (II ), pyraznecarbonitrile (I}, qui-
noxaline (V). 228 A

F=A 25 AldrichAle] $% 98% Q! benzyl bro-
mide& Al8-dgew, 8u] £ acetonitrile, ether,
methanol 9 &, @ Vg AMSE dozs
AldrichA}e] NaSbF (sodium hexafluoroantimon-
ate) & AMEEIAT A FA F£R& T3] ol
54 dEFA gyl diglycidylether  of
bisphenol A (DGEBA, %338(F) : YD-128,
% 12000cps, W% 1.16g/cm® EEW=185~
190 g/eq.) & AMS-8ldx 348 Fx4L Scheme 1
of Jehifdct

Benzylpyrazinium hexafiuoroantimonate [ BPH]
(a). Pyrazine (8 g, 0.1 mol) & A 2 A acetoni-
trile (acetonitrile) (40 mL)ell &3A17! ¥ benzyl
bromide =4 (19g, 0.11 mol)& ¥x 3~4¥¢ &
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Scheme 1. Structure of DGEBA ( YD—128)

ot L¥HA|7! ¥ Menschukin ¥hg-0.2 $#4% 1%}
AAAES Ak ol 1x AMAHEE 7S
acetonitrileZ  AH3 F AFeEL FI
acetonitrile & AAF F AZAIAT. tiA] o] A%t
AzAZ PAEL ether2 AA S FAS A &,
TY§ Eule] NaSbF& Faed #HH3 zv
71lAA £3AI7 3 FAR AAES sl &
A7t o]AE Al FAY F methanolz AE
Al N AAFAAHE AUk g v EL 4
(1ol Jepi et
& 1 74%, 26.3g, mp: 136.8~137.6 C.
FT-IR(KBr) v=3117, 1446, 1157, 756, 705,
657 cm™
'H NMR (acetone dg)
8 9.646~9.613 : 2H (pyrazine)
9.306~9.296 : 2H (pyrazine)
7.710~7.494 : SH (phenyl)
6.172 : 2H (benzyl)
Elemental analysis
CiiH; N,SbF Caled C:32.45% H:2.70% N:6.88%
Found C:32.90% H:2.74% N:6.91%

N SbF.'.
- O 2= O 0w
BPH

pyrazine benzyl bromide

Benzyl-2-methylpyrazinium hexafluoroantimo-
nate [BMPH] (b). Methylpyrazine (9.4g, 0.1
mol)& ALdA acetonitrile (40 mL)9jl &&A)7
¥ benzyl bromide #%E3 (19.25g, 0.11 mo) &
W3 4~5¢ H< ZYANZ ¥ 1A AEES 49
o} o] 12t BAES] A3F, PAl, NaSbFge| 7t &
AER AZL (a)sh TLE Yoz A 1
A7 qN J4EAE AU g vFEE 4
(2)e JerdT

& :151.5%, 21.7g, mp:90.7~91.8 C

FT-IR (KBr) v=3134, 1490, 1461, 1171, 747,
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701, 662 cm™!
'H NMR (acetone dg)
8 9.660~9.434 : 1H (pyrazine)
9.221 : 1H (pyrazine)
9.060~9.053 : 1H (pyrazine)
7.677~7.476 : 5H (phenyl)
6.066 : 2H (benzyl), 2.859 : 3H (methyl)
Elemental analysis
C;,H,aN,SbF, Caled C:34.21% H:3.09% N:6.65%
Found C:34.24% H:2.76% N:6.65%

QL - O 2= PO

2-methylpyrazine benzy! bromide BMPH

Benzyl-3-cyanopyrazinium hexafluoroantimon-
ate [BCPH] (c). Pyrazinecarbonitrile (7 g, 0.067
mol) & AL29A acetonitrile (25 mL)¢ £3{A|7
% benzyl bromide #=A] (14g, 0.082mol)E ¥
I 15~209 B w¥AZ £ 1x AHES A
th o] 12 A& A3, AA), NaShFee] H71 &
AZAR AF L (a)9 TLYT oz NP3t 2
2 @4 F4ERFE 4k v A EFe 2
(3)oll Pl e

F& . 264%, 7.6g mp: 157.1~162.8 C

FT-IR (KBr) v=3124, 1469, 1156, 1126, 746,
652 cm™

'H NMR (acetone dg)

4 10.060 : 1H (pyrazine)

9.816~9.704 : 2H (pyrazine)
7.849~7.399 : 5H (phenyl), 6.284 : 2H (benzyl)
Elemental analysis
Cy2H oN;SbFg Caled C:33.34% H:2.31% N:9.72%
Found C:31.47% H:2.23% N:9.58%

cy SoFy
o+ O 2= B0,

pyrazinecarbonitrile benzy) bromide BCPH
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Benzyiquinoxalinium hexafluoroantimonate [BOH]
(d). Quinoxalinium (8 g, 0.0614 mol)& 4A-&<fA
acetonitrile 30 mL9] =91 ¥ benzyl bromide %
A (20 g, 0.1169 mol) & ¥ 4~5¢ F A7)
T 1A BAEE 4ok o 12 AR A F,
Al, NaSbFee] #71 4 AMEF AR L (a)g} TEH
oz Agsled 1 Ao M shke g 24y
HAEAY L 4t whg b EE 4] ()9 YE
Wit

& ! 67%, 188g, mp:147.8~1512C

FT-IR (KBr) v=3096, 1514, 1359, 1073, 765,
662 cm™!

'H NMR (acetone dg)

8 9.832~9.823: 2H (pyrazine)

9.618~9.608 : 2H (pyrazine)
8.839~8.348 : 4H (phenyl)
7.651~7.475 : 5H (phenyl)
6.627 : 2H (benzyl)
Elemental analysis
CysH,3N;SbFg Caled C:33.39% H:2.84% N:6.13%
Found C:35.42% H:2.76% N:6.15%

N

SbFe
Q0 - O e QJ“W:)*’«n
BQH

quinoxaline benzy! bromide

"2 2N B9 F A7l Zhle] 257 % 3
A BAe gelstr] 984 FT-IR (Hartmann &
Brawn Model Bomen MB102)& A}g3l3on F
AR 4 2 W9l 20, 4000~400 cm™ oM 2t &
B3t

'H NMR spectrax Bruker AM-300
(300 MHz) Model& AMg-8ld Algstgon fujz
= acetone-dg& AMS-3lch.
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ZF 7180 4 X T8 AAT F ARG

&2l A25¢ A45 2001 79

Al zx}FEAL kA (differential scanning calorimeter,
DSC)+ Perkin Elmer DSC-6& Alg-3slgon &
2 71F 3lA & £5& 10 ¢/mine.g, 34
9= 30~300 Co &= A d3 st

R

B

]

By WANE Ze HEwes JEEFo=
Pyrazine (1) &4d Z7] o A8AE 7HAx
&  methylpyrazine (1), pyrazinecarbonitrile
(I}, quinoxaline (V)& {31 benzyl bromide
o E9E £ ol E ARl H2oA AT
dutzoz Ay A= ojErle ojdF
gg woli HjPIAE FHEME AMSEE 1 &
=7t Frbele Aoz 48A vt wepd e
7]&2] methanol tiAloll &4 2] §rg-0] ] 21
#oli= Aoz HiEle| acetonitriled AMR-8}Y
¢ Zhzbe] @A wE drinE AWEd,
Lewis #elol| o8l drime AxPEE F2.24 F
FA%e Y E A% i@ webd A=
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# Heldl #do 2 HAAE HolFa ol ulgl W
A7t sl Hepd 84 Wl Aae] Axpgo] 4t
I oE g4A FRIEE gl F7] e o
& g71=g JH. oj¢te RHE HAE FYste
Alolx:7] & %)%l pyrazinecarbonitrile (I )<
I gakel HEE tlS AsiAlA Ao Axpg
o] A7 FH3E A& Y AfA WEZ] W )
< 3t GrIxg vidth mER Sl #HdrlE
%93 quinoxaline (V)¢ 7% pyrazine ( I YRt}
v @71=7F A sidrle T A Gl W&
d wdrs|E =Y ARGE Q7% FA Jed
oh178 zbzhel A gAlo] WE WA= (N9 &=
e O>N>1>Melth

23 B4A. Figure 19] FT-IR #A#A 3117,
3134, 3124, 3096 cm oAl NH>»)7}, 1446, 1490,
1469, 1514 cm ' = WEE C=Cr|7}, 770~
730 cm 'l A& WHEFE (5H benzene ring) CH7|7}
gl on], o BCPH (c)o] Z$ 2255cm™
dA CN7|7} 815 ¢t Figure 2¢] 'H NMR 2
ol A} pyrazinee] 1 & 2HE 10.1~9.2 ppm A}
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Figure 1. FT-IR of each synthesized catalyst.

ole) A, phenyl group (Ph)¢} 5HE 7.9~7.3 ppm 3189 #AE Figure 39| YepNITH o] o) A3}
Atolol Al 18] 1L benzyl9] 2HE 6.7~6.0 ppm A}o) & (@9 AL o Ao g3l Fagn’®

AA W=7l BA=QUY. Pyrazine mgld] #Watg
99 Zv BMPH (b)9) wl€7] 3H¥ Figure 2

. 4H,
o (b)o|M B wis} o] 2.86 ppm F-olN B Conversion (a) = Zr - * 100 ®)
=lat, Fv BQH (d)9} pyrazine rings] £& ¥
9719l 4H+= Figure 29] BQH (d)d|A HE nje} __4A
= x 100 (6)

o] 8.84~8.34 ppm ¥-2o| A HelEIgich. 4 Arowa

YT KA. DA FHE A5 s oln
54 AZAQ YD-128¢] ztzte] PHE EjE A A71M @ AL el MY Adtgoelw, 4HE= Al

A2 Algaled A¥sigon A3 254 ©E A Ztotel Mol Lh3, JHr, & AA LG, 4AE
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Figure 2. 'H NMR of each synthesized catalyst.
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Figure 3. Conversion vs temperature of di-functional
epoxy/each synthesized catalyst blends.
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Figure 4. Dynamic DSC by di-functional epoxy/each
synthesized catalyst.
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Figure 5. Ln(¢/T,» vs 1/T,, plot for determining
the cure activation energy.
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Table 1. Cure Activation Energies (E,) Obtained
by Kissinger Equation

kinetic heating rate ("C/min) E,
factors 5 10 15 20 (kJ/mol)
1/T,(10°% 211 205 201 199 752
In(¢/T,% -899 -843 -812 -7.88 '~
1/T,(107%) 206 2 197 194
In(¢/T,% -9.09 -854 -821 -7.98
1/TH(107%) 266 259 251 245
In(¢/T,> -7.65 -7.17 -6.96 -6.82
1/T,(0% 222 216 211 2.09
In(¢/T,% -8.75 -82 -7.9 -765

catalyst

BPH
BMPH 78.7
BCPH 317

BQH 675

AAE & F AT olH AMES FH3I FAA
=g AAEA ] Azl LY, g g3
dquxlE+ BCPH<BQH<BPH<BMPH?| £AME
Hxgt &% HeoA e Hslgg »E BCPH>
BQH=BMPH>BPH¢ & #<lisigtt. ®£§ 332
=7 248 52 843 MR E A E RS

A% % Yk
z =

B ddae deid 8§42 a3z aEAA
Fol& ZulE WAL 2AES olBSA NFAY
o] A3huke MAA 2 AMS-Sted 52 DSC E84E
3l x@r|d wE d%A 54, A3, §493
izl R Az AFE Yolugten Ao zRE
e 2 AEE 48 & AUk

ANZAl A3 Aol 2z} FZujo] yg-dal 84
9] zlol:= @ 2, & WA Po] 2ol A W
=9 @l grizd 7id@da Algdd. A
719 d7IE, & IHAYo] HE&4F BIers @
A3} AuA e FolXa §4& PolAE e Y
Sk E=g dd <ko]2 & MAMFATIE X,
& Aakgoide As|E WAV =AY
pyrazine®] o|&& A ] A% A7), & A
F4A4 Ay TL Aol BgE= C-N 2 22
o A& A7t & 7| & pyrazine ringd] =
jtes Aol Fylsl= AHeow FAHHC R
=7t €5 vy & dsgg Rolw YA
A}zl F7hsle A& AN 5 A BAE
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colAE - Hdd - MEE

Zaf o5 97 E4& /A3 e, BCPHE
ALEE vaH L £xdM I BEAL Byt
Mo} zt Zuje] dFA E4& BCPH>BQH
>BPH>BMPH &0 vehyr}.
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