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Synthesis and Two-photon Absorption Properties of Multi-branched
Pyrazine Derivatives
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(“ School of Chemical Engineering, Shandong Institute of Light Industry, Jinan 250353)
(® School of Light Chemistry and Environment Engineering, Shandong Institute of Light Industry, Jinan 250353)

Abstract A series of multi-branched pyrazine derivatives with two, three and four branches have been
synthesized. The linear absorption (peak position: 290~390 nm) and emission spectra (peak position: 400~
510 nm) along with the two-photon excited fluorescence (TPEF) spectra (excited at 720 nm) showed regular
red-shifts as the branch number increased, and the fluorescence quantum yields of the pyrazine derivatives
increased (from 0.13 to 0.25). In addition, the two-photon absorption (TPA) cross section ¢ non-linearly in-
creased with a ratio of 1 : 2.8 : 3.7, which is near to the ratio of the square of branching number n* (1 :
2.25 7 4), indicating a remarkable cooperative enhancement of ¢ in the multi-branched pyrazine derivatives.
The o value of the four-branched compound is 1007 GM. It was also found that the ortho-/para-branching
pattern took great advantage over the meta-branching pattern in the linear fluorescence and TPEF.
Keywords multi-branched structure; two-photon absorption; pyrazine; synthesis
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Figure 1 The molecular structures of pyrazine and S-trazine
derivatives
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W, 7 720 nm BORBEAK T AT, R 5X
107* moleL ™!, SEMEFEEE 307 fE NS LW, W N
1X 10 * molsL™". %55 H1 SGW X-4 44 A5,
1.2 ER5FRIE
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250 mL BN 40 mL 2K T A1(2.36 g, 0.016
mol)ZBZK " HRNEF, ¥ 10 mL WA 2,6- - F Ity
2,5- " HIHENEIER(3.24 g, 0.03 mol) 1) £ 7 i In 2 B
H, 1 hi5E. [ 15 h s, WEIE S, 50 mL &4
Al WO S%E RIS, ANz
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SRR B UK.

2,6- K LG SEMER: 772K 30%, m.p. 130~131 C;
'H NMR (CDCls, 400 MHz) ¢: 8.43 (s, 2H), 7.81 (d, J=
16.0 Hz, 2H), 7.59 (d, J=7.2 Hz, 4H), 7.37 (t, ,=7.2, J,
=7.6 Hz, 4H), 7.31 (t, J;=J,=7.2 Hz, 2H), 7.17 (d, J=
16.0 Hz, 2H); MS m/z (%): 285.3 (M+1, 100), 279.7
(2.50), 126.3 (1.25). Anal. calcd for CyoH; (N, (284.35): C
84.48, H 5.67, N 9.85; found C 83.90, H 5.76, N 9.55.

2,5- R CIFHEMEE: P72 35%, m.p. 232~234 C;
'H NMR (CDCls, 400 MHz) ¢: 8.65 (s, 2H), 7.82 (d, J=
16.0 Hz, 2H), 7.64 (d, J=7.2 Hz, 4H), 7.44 (t, =72, J,
=7.6 Hz, 4H), 7.38 (t, J;=J,=7.2 Hz, 2H), 7.25 (d, J=
16.0 Hz, 2H); MS m/z (%): 2853 (M+1, 100), 59.8
(6.83). Anal. caled for CoH 4N, (284.35): C 84.48, H 5.67,
N 9.85; found C 83.80, H 5.78, N 9.38.
122 = ZAEH(C)H4 MK

250 mL B N 40 mL 2K FHEEFN(2.36 g, 0.016
mol) S8 7K I ERAF, K5 10 mL %4 2,3,5-— HISEALHE
(3.67 g, 0.03 mol)J LEEFHHH I BB, 1 h 58,
1AL 15 he SNSRI A BT D 3R 5 AT AR A AL,
R ER R,

2,3,5- R LI HEMEE: P2 % 31%, mp. 176~177
“C. "H NMR (CDCls, 400 MHz) d: 8.56 (s, 1H), 8.04 (d, J
=15.6 Hz, 1H), 7.96 (d, J=16.0 Hz, 1H), 7.88 (d, J=16.4
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Hz, 1H), 7.72~7.67 (q, J=7.6 Hz, 6H), 7.57~7.52 (q, J
=8.0 Hz, 2H), 7.48~7.30 (m, 9H), 7.35 (d, J=15.2 Hz,
2H); MS m/z (%): 387.4 (M+1, 100), 285.0 (5.01), 279
(1.15), 101.9 (0.77). Anal. calcd for CosH,,N, (386.49): C
87.01, H 5.74, N 7.25; found C 87.19, H 6.03, N 6.04.
123 X AAH(D)HIA A

250 mL B I 40 mL (125 I (2,36 g, 0.016
mol)AF 2K —HERHET, ¥ 10 mL ¥4 2.,3,5,6-VU F REntt R
(4.08 g, 0.03 mol)J ZMEEF W INBNLEN T, 1 h e,
Bl 15 he SN ) Ak B0 R 5 XS AT A IR AR 2R AL,
13 2R i IR A A

2,3,5,6-VUK 2GR 7= 45%, m.p. 267268
‘C; '"H NMR (CDCls, 400 MHz) d: 8.02 (d, J=15.6 Hz,
4H), 7.71 (d, J=7.2 Hz, 8H), 7.59 (d, J=15.6 Hz, 4H),
7.46 (t, J;=7.2, ,=17.6 Hz, 8H), 7.39 (t, J;=7.2, /,=7.6
Hz, 4H); MS m/z (%): 489.4 (M+1, 100), 387.1 (13.39),
279.7 (14.46), 336.7 (7.32), 141.3 (0.79), 102.2 (3.92),
61.3 (4.29). Anal. calcd for C3cHygN, (488.62): C 88.49, H
5.78, N 5.73; found C 88.38, H 5.62, N 5.82.
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Table 1 Photo-physical properties of pyrazine derivatives

/la i/ . /la iii/ A\7 iV/ (ov/ /13 vi/ o/
S l t' max 1 max B max
oton nm ¢ nm em' % nm GM

A/FRZE 297 518 408 3943 14.0
AGEAT 295 628 419 3801 127 437 149
A/ZEE 281 9.60 425 7912 82
ARG 280 1011 427 6644 6.7
B/HZE 386 6.12 431 3082 145
B/%fi 383 6.14 435 2986 128 452 270
B/ZWE 380 626 444 7112 127
B/ZJiE 378 630 451 6445 11.1
C/HZ 354 417 462 3376 18.8
C/&fF 351 430 476 3298 182 494 753
C/LEE 346 496 484 7563 155
C/LE 344 502 487 6485 154
D/HH 374 354 500 3376 259
D/&AF 372 367 505 3090 24.8 515 1007
D/ZEE 368 3.93 506 7607 24.2
D/ 366 411 507 6723 23.1
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Figure 2 Relationship between AV and Af of A to D
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Figure 3 Absorption spectra of compounds A to D in chloro-
form at 5X 107% molsL™"
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Figure 4 Linear emission spectra of compounds A, B, C, D,
TSTA and Me-3 in chloroform at 5X 10~ molsL ™"
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Figure 5 The two-photon excited fluorescence spectra of A, B,
C and D in chloroform, with excitation wavelength of 720 nm.
The inset shows the linear dependence of I,,, on I,,> of C and D
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