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Effect of Substituent on Reduction Potential of 3,4'—Disubtituted Stilbenes

YAN Lu, CAO Chenzhong, ZHU Qian

(Key Laboratory of Theoretical Organic Chemistry and Function Molecule, Ministry of Education,
Hunan Provincial University Key Laboratory of QSAR/QSPR, School of Chemistry and Chemical Engineering,
Hunan University of Science and Technology, Xiangtan 411201, China )

Abstract: In order to investigate the effect of substituent on the reduction potential of substituted stilbenes, 38
samples of model compounds, 3,4’ —disubstituted stilbene (3—-XSBY—-4"), were synthesized. Their reduction
potential E , were determined with electrochemical workstation (CS300), via using anhydrous acetonitrile as
solvent. The effect of single substituent X or Y on the reduction potential of 3-XSBY -4’ and also the effects of
X combined with Y on the E; ; were discussed. A quantitative correlation equation was obtained to express the
change regularity of the E_,. The results show that; (1) Both the Hammett parameter o and the excited—state

substituent parameter g of substituent X and Y have important influences on the E_,. The effects of the o( X)
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and o(Y) on the Ky, all are positive, indicating that the electron—withdrawing effect of substituents X and Y
increase the E; ,. While, the E;, are affected by the cross interaction effect of the excited —state substituent
parameters g ¢.( X) and g¢.(Y) of substituents X and Y. (2) As for the effect of substituent position on the
E;.., the group attached to the meta position (3-X) of the benzene ring is more than that attached to the para
position (Y-4"). That is, for a sameelectron—withdrawing group, it will raise a larger £, , value in case the
group is in meta position than that is in para position. (3) The parent molecules of substituted stilbenes XArCH =
CHArY (XSBY) and substituted bi—aryl Schiff bases XArCH = NArY ( XBAY) are isoeletronic compounds.
However, the former contains nonpolar bridge bond CH=CH, and the latter contains polar bridge bond CH=N.
Therefore, the lowest unoccupied molecular orbital LUMO energy of the former parent molecule is lower, and its
reduction potential is smaller. Thus the former parent molecule is more difficult to be reduced.

Keywords: substituted stilbene; reduction potential; subsituent effect; excited —state substituent parameter;
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X= NO,, I, CHCH,, Ph, Et, NMe,, CCH
Y= NMe,, OMe, Me, H, F, Cl, CF;, CN
B 1 3,4'-=BUX =K 2 (3-XSBY-4') 65 & R % 24

P AR5 3-XSBY -4 (iR LA E TN E 478 CS300 Ha b2 TAESS BT, e 2544
SR TCKTC A CIET A AR R R = HAR AR 3R, A FUAR Ry B sk v, R A 2 D0 Ty 1 SR A
MR ZEE (CV) FIE R 100 mV -« 7' DL gk IR T AR IR S, i 2 25 FRE, SR 5 05 R I RE . Tl 52
3-XSBY-4'{ ik L ALE Ey 51 T3 1.

&1 ALb XSBY #9538 B4z B (V) AR E X Fo Y 85 o o o, 1R

No. compound a(X)* a(Y)* ot(X) " i (Y) Ered exp” Epea el ABg."
1 3-NO,SBNMe, -4’ 0.71 -0.83 0.66 -1.81 -2.56 -2.54 -0.02
2 3-NO,SBOMe-4' 0.71 -0.27 0.66 -0.50 -2.50 -2.56 0.06
3 3-NO,SBMe-4' 0.71 -0.17 0.66 -0.17 -2.48 -2.49 0.01
4 3-NO,SBH-4' 0.71 0.00 0.66 0.00 -2.40 —2.44 0.04
5 3-NO,SBF-4' 0.71 0.06 0.66 0.06 -2.38 -2.42 0.04
6 3-NO,SBCI-4’ 0.71 0.23 0.66 -0.22 -2.43 -2.48 0.05
7 3-NO,SBCF;-4’ 0.71 0.54 0.66 -0.12 -2.50 —2.44 -0.06
8 3-NO,SBCN-4' 0.71 0.66 0.66 -0.70 -2.54 -2.53 -0.01
9 3-1SBMe-4' 0.35 -0.17 0.05 -0.17 -2.66 -2.59 -0.07
10 3-ISBH-4’ 0.35 0.00 0.05 0.00 -2.59 -2.58 -0.01
11 3-1SBC1-4' 0.35 0.23 0.05 -0.22 -2.64 -2.56 -0.08
12 3-1SBCF;-4' 0.35 0.54 0.05 -0.12 -2.58 -2.54 -0.04
13 3-ISBCN-4' 0.35 0.66 0.05 -0.70 -2.49 —2.48 -0.01
14 3-CH, =CHSBOMe-4' 0.06 -0.27 0.08 -0.50 -2.62 -2.64 0.02
15 3-CH, =CHSBCF; -4’ 0.06 0.54 0.08 -0.12 -2.54 -2.61 0.07
16 3-CH, =CHSBCN-4' 0.06 0.66 0.08 -0.70 -2.64 -2.55 -0.09
17 3-PhSBOMe—4' 0.06 -0.27 0.01 -0.50 -2.60 -2.63 0.03
18 3-PhSBMe-4' 0.06 -0.17 0.01 -0.17 -2.58 -2.65 0.07
19 3-PhSBH 0.06 0.00 0.01 0.00 -2.56 -2.64 0.08
20 3-PhSBCI-4’ 0.06 0.23 0.01 -0.22 -2.57 -2.62 0.05
21 3-PhSBCF; -4’ 0.06 0.54 0.01 -0.12 -2.61 -2.61 0.00
22 3-PhSBCN-4’ 0.06 0.66 0.01 -0.70 -2.50 -2.53 0.03
23 3-EtSBOMe-4' -0.07 -0.27 -0.06 -0.50 -2.73 -2.64 -0.09
24 3-EtSBMe-4' -0.07 -0.17 -0.06 -0.17 -2.72 -2.67 -0.05
25 3-EtSBH -0.07 0.00 -0.06 0.00 -2.65 -2.67 0.02
26 3-EtSBCl-4’ -0.07 0.23 -0.06 -0.22 -2.63 -2.64 0.01
27 3-EtSBCF; -4’ -0.07 0.54 -0.06 -0.12 -2.69 -2.63 -0.06
28 3-EtSBCN-4’ -0.07 0.66 -0.06 -0.70 -2.52 -2.54 0.02
29 3-NMe, SBOMe-4' -0.16 -0.27 0.17 -0.50 -2.75 -2.70 -0.05
30 3-NMe, SBH -0.16 0.00 0.17 0.00 -2.66 -2.69 0.03
31 3-NMe, SBCl1-4' -0.16 0.23 0.17 -0.22 -2.62 —-2.68 0.06
32 3-NMe,SBCF; -4’ -0.16 0.54 0.17 -0.12 -2.71 -2.66 -0.05
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%4

No. compound a(X)* a(Y)* ot(X) " ai(Y) Eed,exp” Eped,ca” AEg."
33 3-NMe, SBCN-4' -0.16 0.66 0.17 -0.70 -2.54 -2.62 0.08
34 3-HC=CSBOMe-4' 0.21 -0.27 0.18 -0.50 -2.62 -2.62 0.00
35 3-HC=CSBMe-4' 0.21 -0.17 0.18 -0.17 -2.65 -2.62 -0.03
36 3-HC=CSBH-4' 0.21 0.00 0.18 0.00 -2.62 -2.60 -0.02
37 3-HC=CSBCI-4’ 0.21 0.23 0.18 -0.22 -2.66 -2.60 -0.06
38 3-HC=CSBCN-4' 0.21 0.66 0.18 -0.70 -2.51 -2.55 0.04
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