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Abstract Based on the known experimental Ah receptor binding affinities of 18 kinds of polybrominated diphenyl ethers
(PBDESs), the quantitative structure-activity relationships (QSAR) model for PBDEs’ Ah receptor binding affinities was es-
tablished via 13 substituent parameters (total number of substituent, substituent number in different position, substituent posi-
tional relationship parameters, substituent difference between two rings) to complement unknown binding affinities of other
191 PBDEs. Then, the full factorial experiment with 10 factors which correlated with each substituent position and 2 level
(0,1) was applied to analyze the main effect and second-order interaction effect of each substituent position on PBDEs’ Ah
receptor binding affinities. Meanwhile, different analysis methods were used for the views of the total number of substituent,
the similarity of different phenyl ring in single congener and the distribution of substituents on single phenyl ring to expound
the correlation between substituent characteristics and Ah receptor binding affinities of PBDEs comprehensively. The ob-
tained results have shown that: PBDEs’ Ah receptor binding affinities are significantly affected by the main effect and sec-
ond-order interaction effect of substitution positions, especially, the ortho-substituents can weaken the PBDEs’ Ah receptor
binding affinities and para-substituents have the opposite effect. The order of the importance for different position is pre-
sented as: para>ortho>meta. The main effect of meta-substituent is small which often affects the Ah receptor binding af-
finities of PBDEs by representing the second-order interaction effects combined with ortho/para-substituent. For other
substituent characteristics, the total number of substituent and the similarity of different phenyl ring in single congener cannot
control the Ah receptor binding affinities of PBDEs effectively, but the more decentralized for substituents on single phenyl
ring, the smaller Ah receptor binding affinities for PBDEs.

Keywords substituent parameters; polybrominated diphenyl ethers; Ah receptor binding affinity; quantitative struc-
ture-activity relationships; full factorial experiment; similarity analysis

1 3= PBDES) & JL I SLAR SRV DAL, 132 I -4

2L WA SERLEI L . R A A
% J] . 7K Bf (polybrominated diphenyl ethers, 7 S nn i

* E-mail: liyuxx8@hotmail.com; Tel.: 010-61773886
Received April 16, 2014; published May 27, 2014.
Supporting information for this article is available free of charge via the Internet at http://sioc-journal.cn.
Project supported by the National Science & Technology Pillar Program in the Eleventh Five-Year Plan period (No. 2008BAC43B01) and the Fundamental
Research Funds for the Central Universities in 2013 (No. JB2013146).
T H R K “A— 107 RS H (No. 2008BAC43B01) T 2013 H e m A SE AR 455 T 75 4 (No. JB2013146) %% 1.

Acta Chim. Sinica 2014, 72, 743—750 © 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn 743



W F F R

MR

Tl ¥ PBDEs SRAMIE I B = A0 2R, 3L
WAL E, Pk, PBDEs &M=, 1§
P A 33 1) o R o AT R RE ) A B ER BE R ORE TR
PBDEs" ), 1fii PBDEs {EFE LbiiAasE, MLt
B A ey e, [RIe, PBDEs nlif i )5k
BYTROK, R E TR A g A

bR T ARG HAT 0 A 2 R AT e PR AL,
PBDEs 4 #t) 55 JABAT WL A AHZEAL, 451 40 22 SRR
(polychlorinated biphenyl, PCBs). M54 K HEiZ#i 5|
ENATTAT PBDEs [R5 (E A 70 s T-PLis PERTAE )5k 1)
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Table 1 Variance analysis of the main effects and second-order interac-

tion effects of substituent positions on PBDEs’ Ah receptor binding affini-
ties

Ui At ¥ 5 F P(sig.)
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FAK T —1logRBA, RIARAIRHARKEE T BRIk PBDEs 75 %
WRSZAKGE A RE T, TRIAL 3/3FIIRIAL 5/5" (K2 N A TR AT
1E{HY) PBDEs 7% &2 k45 & Re I AIA B AT W41
Kty SPALHUAR 4/4' )] 3 25 4% 5 PBDESs J5 I8 52 A4 4
A He7). Wang!" ™1 Gul Vel S FA SCAH [ $icdi 954 531
F%t T PBDEs 75 F AR 4 A e 1 3D-QSAR £, A
SCHR[ 1417 (0 P 4 B SR 15TH i 4/ s aT LA, K
PRI R 2,2',5,5",6,6' b 36 7 I Ak i N TR EOAR ik
AT —1ogRBA (EHIIRTF, BIWES F RV 05 &k
ARG GRS, 4.4 0 RS RN aR [R) R P11 05 B R
RZARGEA RS, G55 BETE P A A A m e HE AR
R >S5 > TR AL, ABREAL AT B =R 2 AR T
PBDEs 7 fr &2 AR S5 G fie ).
F£2 HULE EAUN AL HER

Table 2 Main effect values of substituent positions

% MR — R e
ARA7 2,2'(A, F) 1.019 32.65 (0.000, 0.000)
&4 3,3(B, G) 0.231 7.40 (0.411,0.046)
X7 4,4(C, H) —0.526 16.85  (0.002,0.001)
4z 5,5'(D, J) 0.297 9.52 (0.068,0.073)
484 6,6'(E, K) 1.048 33.58 (0.000, 0.000)

A Ar 2.067 66.23

EIEDA 0.528 16.92

PUEDA —0.526 16.85

Total 3.121 83.15 1685
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(2) PBDEs HUARA 11 B a8 EL RN 53 Bt

B 4 BT B i as HON R, BT AT R R
FHIN P SEURAAEAEAS AR, 14815 2 1R) Ao} e 22 1)k
K, A HAE R .

T3 HTIEHNES T R Geih# b TR
RO HARRNAR,  HAT Sk 25 1 (A8 EAE AR A Tl
Z: 5 M A O A B, wT R A AR A O
SIARKT T B LT AT LA 4% PBDEs [/ R0
TR ARG AR
3 WA EAMERRAL T

Table 3 Effect values of second-order interactions

DU %
A% AL THE N _ P(sig.)
L8472, THIAL 5(AD) 0.336 13.86 0.000
AT 2, X7 4'(AH) 0.177 7.30 0.032
(W7 3, [z 5(BD) 0.198 8.17 0.017
[FI47 3, 4847 6(BE) 0.262 10.81 0.002
AL 4, 4847 6'(CK) 0.167 6.89 0.043
B4 5, 484 6(DE) —0.198 817  0.017
LB47 6, [HIAL 5'(ET) 0.174 7.18 0.035
L0 2", [HI47 S'(FT) 0.205 8.46 0.013
)47 3", a1z 5'(GJ) 0.187 7.71 0.023
47 3!, 4L 6'(GK) 0.302 12.46 0.000
47 5!, 4847 6'(JK) —0.218 8.99  0.009
AD-+FJ 0.541 2232
BD+GJ 0.385 15.88
BE+GK 0.564 2327
DE+JK —0.416 17.16
Total 2.424 82.84 17.16
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Figure 4 The second-order interaction effects of substituent positions
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Figure 5 Interval distribution between bromine-substituent numbers and —logRBA of PBDEs
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