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ABSTRACT. Recently, it was reported that the benzobisoxazole (BBO) molecule can be used for independent modulation of
the HOMO and LUMO energy levels. In this study, we utilized this interesting property of BBO to quantitatively investigate
the substituent effects according the substituents. We designed and proposed four BBO model systems (1BBO, 2BBO, 3BBO
and 4BBO) by extending the n-conjugation lengths based on a BBO molecule. Two directions of substitution (x-axis and y-
axis) and 15 various substituents were considered. From strong correlation between the LUMO energy levels of x-axis substi-
tution and HOMO energy levels of y-axis substitution calculated from DFT method, it is found that the standardization of sub-
stitution effects can be established from BBO model systems. In addition, we demonstrated that the HOMO values of y-axis
substituted 3BBO show the best performance to define the order of substituent effects. Our proposed way can be used to
expect the substituent effect of any arbitrary substituents and develop the organic sensors and organic light emitting diodes.
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Figure 1. Benzobisoxazole (BBO) molecule and substitution direc-
tions of x-axis and y-axis corresponding to 2,6-positions and
4,8-positions, respectively.
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Figure 2. BBO model systems (a) 1BBO, (b) 2BBO, (c) 3BBO
and (d) 4BBO.

5
| = |

DFT AAFS B3LYP/6-311++G** gl 2 4=3)g) o, 7L
= 45 3 0% AL B Huld oy 7] EHol 4
| & (Minimum) 2 S APt = AollA gt
n mEA Ao 2 E BBO B mel AAEE % 4
7§ & 1BBO, 2BBO, 3BBO, 4BBO #}a1 ™ I th(Figure 2).
2,6-A1 A (x-5)2 48-A1A(y-F) WFHe2 A27|(-R)E
242} g} 47w L2 2 HES 3 F HOMO, LUMO o
YA 291 @2 doloh gE &) FR= 3 1572
-NMe,, -NH,, -NH(#-Bu), -OH, -OMe, -OEt, -CHj3, -SiMe;,
-H, -F, -Cl, -Br, -COOEt, -CF3;, -CN, -NO, o|t}. x-= 2| &}
ol A= yF9 A7) = -HE 7o HQlaL, y-5 2| gho]
M xZ9] 2)87|7F -HE 14 o] g ¢t nE HAtEo|
3} DFT A AFS Gaussian 16 T2 738 AR A
Abgl dlolE &9 A WA= A Ha AlgHS &85t
1712l Hlol] 78 (itingy S E8) HATD, AHA R 3t
o] 10} uhut 7k Aol et A BAK ) HEE ¥
T R ZF S 2 Pearsons’s Re] A o] & A&l ).

=]

24

=t
=

t

L= 1|

BBO £%x}E &
Sroj A Aggt vRe}
) X 2k

sz

¢t X2 Eue| M3 JsM

0] BBO E-A}+= x-Z(2,6-postions) T}
oFel whet &£4H9] LUMO2F HOMO
oA
SFALA} x-, y-=5 X|ghofl wk2 BBO 2E

M e g,

5
Yo

z
y-Z(4,8-postions) H}
oA #Hol 7}

SIet o] A& Bl
#1258 ] A2HE HOMO, LUMO o] U 4] gk %

angos 239 5 g

Journal of the Korean Chemical Society



Benzobisoxazole 2215 283}

]
-

g7 e} #&3}

187

Table 1. The variation of HOMO and LUMO values (in eV) according to x-axis and y-axis substitutions for 1BBO, 2BBO, 3BBO and

4BBO model systems

Model system Substitution directions HOMO (eV) LUMO (eV)

Max. value -5.0962 -0.5159

x-axis Min. value -8.1340 -4.2349

IBBO Difference 3.0379 3.7190

Max. value -4.9204 -1.1233

y-axis Min. value -8.0173 -3.8365

Difference 3.0969 2.7132

Max. value -5.3255 -1.9211

X-axis Min. value -7.2611 -4.4779

BBO Difference 1.9355 2.5568

Max. value -4.9098 -2.1296

y-axis Min. value -7.5060 -4.3721

Difference 2.5962 2.2425

Max. value -5.1065 -2.1424

x-axis Min. value -6.1057 -3.5647

1BBO Difference 0.9992 1.4223

Max. value -4.8888 -2.1840

y-axis Min. value -6.3079 -3.4817

Difference 1.4191 1.2977

Max. value -5.2698 -2.5369

X-axis Min. value -6.1520 -3.8175

4BBO Difference 0.8822 1.2806

Max. value -5.0774 -2.5802

y-axis Min. value -6.3435 -3.7266

Difference 1.2661 1.1464
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Figure 3. The correlation plots between the LUMO values of x-
axis substitutions and HOMO values of y-axis substitutions for
(a) 1BBO, (b) 2BBO, (c) 3BBO and (d) 4BBO model systems.
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Table 2. Order of substitution effects from strong electron-donating ability to strong electron-withdrawing ability expected from BBO model

systems

Order of substitution effects

1BBO -NO,> -CN > -CF5> -COOEt > -Br = -Cl > -F > -H > -SiMe; > -CH; > -OH > -OMe > -OEt > -NH, > -NMe, > -NH(#-Bu)

2BBO
3BBO

4BBO -NO,>-CN > -CF3;>-COOEt > -H ~ -Cl = -

NO,> -CN > -CF;> -COOEt > -H > -F ~ -Cl ~ -Br > -SiMe; > -CH; > -OH > -OMe > -OEt > -NH, > -NH(1-Bu) > -NMe,
NO,> -CN > -CF;> -COOEt > -Br > -Cl > -F > -H > -SiMe; > -CH; > -OH > -OMe > -OEt > -NH, > -NH(-Bu) > -NMe,
~ -Br > -SiMe; > -CH; > -OH > -OMe > -OEt > -NH, > -NH(%-Bu) > -NMe,

Table 3. Strength of correlation (R?) between calculated HOMO of
x-axis or LUMO of HOMO of x-axis of substituted BBO systems
and experimental substituent constants for para- or meta- substi-
tution measured from Hammett equation

R LUMO of x-axis HOMO of y-axis
para-c meta-c para-c meta-c
1BBO 0.90648 0.81308 0.91853 0.80273
2BBO 0.90244 0.79004 0.93537 0.79612
3BBO 0.90883 0.86426 0.95068 0.86451
4BBO 0.86087 0.77587 0.94686 0.81807
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(o) for para- substitution measured from Hammett equation.
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