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2 o gEzidel XErE WA GFAAY Yol FWE FAsiE, olHFAH AFA
(diglycidylether of bisphenol-A, DGEBA)d 7RAAIZA 1wt% & E§3le] 53 DSC
HHE o] 4% A A E@FA 5434 dis) AT 1 A FAE Fo 5L o FA] AlA
oA 78 dHAAEE AL USE HAST XRr]9 GVE (basicity) 7t #&5E 7
slemel F43 uA e wol @48 wolAet ole 847 AsASe] ¥ 2 (ring
strain) 2 =4 X 871¢] F7|% (basicity)dl] 93] 2H=7] W& o= Agdrh 2EFo
2, AAZ 2§ vEr|E =938 Suie] 842 A AAGANA dr|m F7lE d o
ZRie] ojge Wd gole] QAo TAHAY] W WolFoen, Axlrg 1FQ Alohe
718 =% Fule] G4 frladtel g A WA ofojel o] FHEoER Fol
Aok

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.

Keywords: cationic latent catalyst, epoxy resin, basicity, dynamic DSC, benzyl cation.
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B 2 BE7E ZE pyrazined 7|Eo 2 3}
o, AldrichAle] = 99% <) pyrazine ( 1), me-
thylpyrazine (II), pyrazinecarbonitrile (I}, qui-
noxaline (V) o 2 2] A3t}

A 2+ AldrichAle] % 98% ¢l benzyl bro-
mideE Al8-3lgom, &ulZ= acetonitrile, ether,
methanol £ui&, Iu@ whgo A4d dozE
AldrichA}2] NaSbF (sodium hexafluoroantimon-
ate) & AH-EIATH AFA FAE T3 o)
A dgEFA 28]un¢l diglycidylether of
bisphenol A (DGEBA, %x3}3H(F) : YD-128,
% 12000cps, Y& 1.16g/cm® EEW=185~
190 g/eq.) & A3l 318t #3242 Scheme 1
ol LrehRRic

Benzylpyrazinium hexafluoroantimonate [ BPH]
(a). Pyrazine (8 g, 0.1 mol)-& A 29 A acetoni-
trile (acetonitrile) (40 mL)o] &3)A171 ¥ benzyl
bromide #%4] (19g, 0.11 mo)& ¥3 3~4¢ ¥
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Scheme 1. Structure of DGEBA (YD 128).

Qt % Menschukin ¥Hgo 2 343 13}
ARES Atk o 1x AAEE B3N
acetonitrile®  AHF F AFeEE T
acetonitrile-2 A A3 T AxA AT A o] 7Y
AZANZ BAYBES etherz AAZT FAE A £,
FUg 2ol NaSbFeE FfRad dH3] =34
7petEA £8417 £ AAE BHES Hlslo &
A7t o]AE v AAF F methanolZ A2
Rsld 34 AFERL ) g WSS A
(1)ell e At
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 : 5H (phenyl)
6.172 : 2H (benzyl)
Elemental analysis
CH,N,SbFg Caled C:32.45% H:2.70% N:6.88%
Found C:32.90% H:2.74% N:6.91%

N
[ j * O/\B’ __GHCN_
N SbFgin H0

pyrazine benzyl bromide

SbFs

/\O(l)

Benzyl-2-methylpyrazinium hexafluoroantimo-
nate [BMPH] (b). Methylpyrazine (9.4g, 0.1
mol)& A&dA acetonitrile (40 mL)ol| £3]A]7]
% benzyl bromide &= (19.25g, 0.11 mol}&E
Ui 4~59 59 mukA7l & 13 AAPAES 4
t} o] 1xt *§ J 2o A&, AA], NaSbFee} A7l 2
AAR BHL (a)oh TLF WHoR A 2
a7 @Y %‘J”é’ﬁ% At ¥ wIES 4
(2)°l] yepa ATt

& :51.5%, 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 d¢)
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
Ci-H,3N,SbF, Caled C:34.21% H:3.09% N:6.65%
Found C:34.24% H:2.76% N:6.65%

N on 'SbF,,‘
LA, + Q7 e
CHy SbFg in HyO (23

2-methylpyrazine benzyl bromide BMPH

Benzyl-3-cyanopyrazinium hexafluoroantimon-
ate [BCPH] (c¢). Pyrazinecarbonitrile (7 g, 0.067
mol)-& A-&dA acetonitrile (25 mL)dl &&jA1]
% benzyl bromide £%4 (14g, 0.082mol)E ¥
I 15~20¢ B¢ wuA F 1A AES
t} o] 13} A8 M, FA), NaSbFed H7h ¥
QAR BAL (a)9} FLT WPoz AFslo
Az 898 APE4L Aok ¥ WSS
(3)el JeZit

& 26.4%, 7.6g mp:157.1~1628 C

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

'H NMR (acetone dg)

8 10.060 : 1H (pyrazine)

9.816~9.704 : 2H (pyrazine)
7.849~7.399 : 5H (phenyl), 6.284 : 2H (benzyl)
Elemental analysis
CioH;oN3SbFg Caled C:33.34% H:2.31% N:9.72%
Found C:31.47% H:2.23% N:9.58%
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Benzylquinoxalinium hexafiuoroantimonate [ BQH]
(d). Quinoxalinium (8 g, 0.0614 mol) & 24
acetonitrile 30 mLojl =¢l & benzyl bromide #%
A (20 g, 0.1169 mol) & YL 4~5¢ F<t wyA ]
313 AHEE ATk o 1A AAEY A, &
A}, NaSbFse] H7t @ 423 A3 L (a)9h YT
W oz Al 11 o g ske dd 24
A2 L Ak #hg vFES A (49 Ve
Wi

& 1 67%, 188¢g, mp: 147.8~151.2 C

FT-IR(KBr) »=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%

SbFg
S OIRING - %’7\0(4)

quinoxaline benzyl bromide BQH

23 B 4 F A2l Juje) B5o) % Sy
H 2L #gedl]) YsiA FT-IR (Hartmann &
Brawn Model Bomen MB102)& A3l on 3
A}gl4= 9 M9l 20, 4000~400 cm oA 72t 4
a0,

'H NMR spectra®™ Bruker AM-300
(300 MHz) Model & AR3-3te] Al om fujz
= acetone-d 2 AME3F .

QX EMTt Hsl SHE. FEE Fulo] A
540 A3 5YFE 4% AHe, $4 dFA
Aol Ztzte] Zul= 88| E A donz JfFA o} &
o) FAEo] TANE 99:19] H] &2 olME Gujd
o] E3E ¥ olF FHPH 2xdA A F
Ao AFe LA A& Y AEAA A ZEA Y2
ZF f7189 2 VX T8 AAT F AU

&2l A25d A4z 20014 7€

A zpE AL A (differential scanning calorimeter,
DSC)+ Perkin Elmer DSC-6% A}g38jdom 4
% 71% &AM & £55 10 C/mineg, 34
9 30~300 T 2=wddA dgsidrt.

Ant o DE

BN, WErE e dERlEE V|EEHeE
Pyrazine (1) 3ol Z7] g @A E 7IX3
9l+= methylpyrazine (I ), pyrazinecarbonitrile
(1), quinoxaline (V)& #-=4¢! benzyl bromide
o} E3F F ZujE AME-E) A2dA wEAIZT
dutziog YA X FukL M oldr]|9 olgF
e Foln HPEAE FAHENE AR I &
w7t Zubehe Aoz dEA k. gty Selze
7122) methanol thile] A4 x| gyhgo] wa] 3
gul= Aow RwuFo)A acetonitriled AME-3IH
th® Zztel @AY wWE dreg AvEd,
Lewis geld| o8] driEes AApFe Fo024 7
#A%e FYslele A gt oy da
& F& v¥€7]E =% methylpyrazine (1T )& X
3 w2 o s dabs golgm o)d uhat 3
3L s gaprl 34 W Ase] drpge) A
o o GA FHIEE UHEY F7] Wi oS-
2 97155 71, olgt= viE AXE FYshE
Alolx7]8 %)%} pyrazinecarbonitrile ()< ¥
2Hxl 8o FHE S DA AL AxpE
o] A7 FH3le A& d oA 7] Wil o)
$ o3 AYIEE i FERE 89 HdE
%93 quinoxaline (V)¢ 739 pyrazine (1 )Rt}
£ 971=7 2y Aidrle IR YA el o E
o WEZE =93 ARk 9ri=st A et
o178 Zhzkel @AY wE @rlw (ReA)e &
AMe O>N>1>Melth

23 EAM. Figure 19 FT-IR daldla 3117,
3134, 3124, 3096 cm oAl NH7|7}, 1446, 1490,
1469, 1514 cm A= wEEE C=Cr)7}, 770~
730 em o A= 4HaEE (5H benzene ring) CH717}
Q= en, Fuj BCPH (c)o #¢$ 2255cm™
A CN7|7} #]15¢tt. Figure 29} 'H NMR 2
T} A] pyrazineo} 1 = 2H+ 10.1~9.2 ppm A}
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Figure 1. FT-IR of each synthesized catalyst.
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Figure 2. 'H NMR of each synthesized catalyst.
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Figure 4. Dynamic DSC by di-functional epoxy/each
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Table 1. Cure Activation Energies (E,) Obtained
by Kissinger Equation

heating rate ('C/min) E,
factors 5 100 15 20 (kJ/mol)
/T,(10°%) 211 205 201 199
In{¢/T,2 -899 -843 -8.12 -7.88
1/To(107%) 206 2 1.97 194
In(¢/T,H) -9.09 -854 -8.21 -7.98
/T, (1073 266 259 251 245
In(#/T,% -7.65 -7.17 -6.96 -6.82
/T,(100% 222 216 211 209
In(¢/T,5 -875 -82 -7.9 -765
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BQH 67.5

B - ) = R ] S 88 GAA
Fold FAEALT Aoy, a3 8433
Jlx= BCPH<BQH<BPH<BMPHS| A&
RYAT 25 HYdA e Hgl&g BH BCPH>
BQH=BMPH>BPH & #lslgicy. T3 Asle

AP

57 2955 ¥ BYE JUAE HE A 8
A% 5 Y.

4 &
# A7dAE ded Bge Wsi 2R
oJole Fulg FHeT IAEE oW N ZA9}
o A AAAZ g8 $& DSC GeMe

23 A#ld wE d3A B, das, g3
iz & A AFE dolEten] 1R 2RE
a7 2o AES 98 7 Uk

NEA] Az A" 7t Fafe] whgAdw g4

alol= W 2EHR], & WA gol9] HA 2
E=QE A#@rie] drizd Zd@nn Alggrh A
e @rls, & AEYo] &+ E Hilexel &
A3} U= FolR|AL B oA AL E
siglch T WA Ygolegs A= AR,
ARAgedde XNE#7E WA S =YsiAY
pyrazine®} o|&-& A 7] $g %], F Az}
T84 A @7 & Aol AdHE C-N 2 2
o A A7t & 7| & pyrazine ringd] =
Aoz Aol Frtshe Aow FAHAY. B3>
Tt &% vuE & A3ge Holn 43

= T =
A7t Frteshs e AUE F AU FEE

o

=

=

566

- o]} g -

Zo) 25 Q)

A

al

>

10.

il

13.

14.

15.

16.

17.

18

18.

44 - N5

EAg 7o 9dgien, BCPHE
olat vud ¥ 2xdM 2 4L Bgrh
2d|xe] 27} Zujo] A 54L& BCPH>BQH
BPH>BMPH 0.2 uvelgt)
22 d
. J. A. McGowen and L. ]. Mathlas, Polym. Compo., 18,
348 (1997).

. Y. C. Kim, S. J. Park, and J. R. Lee, Polym. /., 29, 759
(1997).

. G. H. Kwak, S. J. Park, and ]. R. Lee, J. Appl. Poiym.
Sci., 18, 290 (2000).

. J. V. Crivello and J. L. Lee, Macromolecules, 414, 1141
(1981).

. S. P. Pappas and L. H. Hill, /. Coat. Technol., 53, 43
(1981).

. S. Nakano and T. Endo, J. Polym. Sci. Polym. Chem.
Ed., 34, 475 (1996).

. S. J. Park, M. K Seo, ]. R Lee, and D. R Lee, J
Poiym. Sci. Polym. Chem., 38, 2945 (2000).

. J. Habermeier, K. H. Reichert, and K. Hamann, J
Polym. Lett., 16, 2131 (1967).

. S. B. Lee, T. Takata, and T. Endo, Chem. Lett., 10,

1861 (1990).

J. V. Crivello, J. Polym. Sci. Polym. Chem., 37, 4241

(1999).

S. B. Lee, T. Takata, and T. Endo, Macromolecules,

234, 2689 (1991).

. H. Uno, T. Takata, and T. Endo, Macromolecules, 22,

2502 (1989).

H. Uno, T. Takata, and T. Endo, Polym. Lett. Ed., 26,

453 (1988).

B. Stapp, L. Schon, H Bayer, and M. Hoffmann,

Makromol. Chem., 209, 197 (1993).

F. Hamadzu, S. Akashi, T. Koizumi, T. Takata, and T.

Endo, J. Polym. Sci. Polym. Lett. Ed., 29, 1675 (1991).

S. D. Yoh and J. H. Kim, Korean Chem. Soc., 33, 4

(1989).

R. J. Fessenden and J. S. Fessenden, “Organic Chemis-

try”, 4th Ed., p. 176, Brooks, California, 1992.

H. ]. Soscun Machado and A. Hinchliffe, /. Molecular

Struc., 339, 255 (1995).

D. N. Waters and L. P. John, Anal. Chem., 60, 53

(1988).

Polymer(Korea) Vol 25, No. 4, July 2001



A7) Aol me IR FolR Foof FAH AHREY A+

20. J. March, “Advanced Organic Chemistry”, 4th Ed, p.
151, Wiley, New York, 1992.

21. K. E. Barrett, J. Appl. Polym. Sci., 18, 365 (1973).

22.S. ] Park, T. J. Kim, and J. R. Leer J. Polym. Sci.
Polym. Phys., 38, 2114 (2000).

23. R. B. Prime, Polym. Eng. Sci., 18, 365 (1973).

24. H. E. Kissinger, Anal. Chem., 29, 1702 (1957).

25. T. A. Clarke and J. M. Thomas, Nature, 219, 1149

Falol A25A A4s 2000 79

(1968).

26. J. R MacCallum and ]. Tanner, Nature, 225, 1127
(1970).

27. M. I G. de Miranda, C. Tomedi, C. [. D. Bica, and D.
Samios, Polymer, 38, 1017 (1997).

28. S. ]. Park and H. C. Kim, J Polym. Sci. Polym. Phys.,
39, 121 (2001).

567



