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Abstract: New structural descriptors were obtained through parameterization of the different non-hydrogen atoms
and the relationship between them in organic molecules. Then the molecular structures of some chlorinated phenolic
compounds were characterized by the structural descriptors. The partial least squares regression (PLS) method was
used to construct a model of relationship between the structures and toxicity (-1gICs,) of chlorinated phenolic com-
pounds. The modeling correlation coefficient (R*) was 0.948, the "leave one out" cross validation correlation coeffi-
cient (Q%) was 0.922 and the standard deviation (SD) was 0.184, respectively. The results showed that the structural
descriptors could well characterize the molecular structures of the compounds, the stability of the model was good,
and the predictive power was strong. This study shows a certain reference value for QSAR study of phenolic com-
pounds.

Keywords: chlorinated phenolic compounds; toxicity (-1glCs,); structural descriptor; structure and activity relation-
ship (QSAR)
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TERMIAL A WHIET 2 MEARM B K
MR RE PRS2 N, WS TAOL R
J'& JEAKHERL , & SRR A Y IEEAR W bk A
DA I/ BT o L N S R U e N L ey
B R vy, M U sh A R
SO NZAERR TR, BT 9% O R I 28k A W 1k
JE FRE A A A EEE Y, &
AR R (QSAR) 77 S Pk K UK it IR 55 B )
EYFHERARFBZ — FREMNEX T HE S
GV 2 B W AR FE X s T AR i 2 b A 7
Gy F A AL SR A H S AR T TR R K 3K
FAL, LR A, H AR RIS AR KD
MY #PE QSAR FF 7Y B4 — BBl , Wi = >
SEWRRSE T A A A Y xE RGN AR AR
SFORRSY TR S A b A R S B dE
BB YR AE Y TR QSAR R A
SCHFRZ I A A AL IRER S B . 7
BHLA Y E B 454 51 6 &R (QSPRYIFSE 1, 4
TS BRI B RZ —, TN T4
SR, LR MtV 2 A B LIRS, &
SCHEZ I T SCHR A SRR 1 R TR B 45 R AR AT
RFnFaEMS AR, MR E ek Ak
BT B BT, RS T TR R
/N SRR/ T [0l 9 (PLS) B 37 T & S A iy 2
WG DA ST (1gIC,, ) R AT, n] IR BT A
LIS QSAR BFFT S %

1 ##l57 % (Materials and methods)
1.1 SEE A

PRI 20 A E AR W KA G W I S HEA Ak
BN DUXE 7 i AL IR 96 h 1921 54
il BE 1C, R , -1gIC, LB AE B A SCHik[10], 51 T
#1,
1.2 SRk
1.2.1 LB W o FEHRIE

EA P BE (B (1gICy ) BR T 5 &= I FE A %
Hh R 5o SRR DG, BRI A 28 K/ %k
H A T2 HR 2 5 m AR (gl Cyy ) o AN TEAL
e /L] SN G L S e 35 : R VAU E | el e N | B
JE - 2Z (A1 4 5 2 X A6 A P M A (-1l Cy, ) 77 A 22
SZ T A B 2R R A 52 Wi 5 L BB A i Y 3
ARTF YA, ARSI F XA R 2B R
XFEEHEAE(-1gIC ) 2 n] REAN ], 1 Sk AR &R T

FREOCHIR™ T AT 026 i AL A2 A3 A4 X
4 FEAL AL KRS 1 A HABAE SR 7 B A%,
DIMZEHE, 05 3 A EHESUS T HHA i 1Y AUk J51
BT A3, RJGTES R SCEM By &AL EoA AR
JFFE TSR g R (D
Z=[m(n-1)-h]" (1)
L o RoRAEEEF 1 i T 280, m R H S
JEHLFE b SR SR TR

AR EHE SR T B SRS Y R EE

(-lgIC s sZma , #e =X Q) T2 B,

x,= Y Z(k=1,2,3,4) @)
A kR FE U T 1 2R AR AU T
TE5r T i gt s Z AR QR g a2 X ()it
B MRS T 2K N T MG R E &
4 FhEFR PRI e 0T 4y 25 BRI 2 4 4Nk
LURT A SR E I B TR, T X, x,, x, M x,
TR,

X EE SR T Z ) 08 RO AL S W) R E
(-1gIC, ) 2 M, 2% F Gaussian JE #f 2 ¢ & pR 5K
MR T ZHM KR, XF KRN TZ
[E) 8y ELAAAE P T 2 e U5 =2 [) g AR G
GNP A ) e R R
SRR 2 AT,
X,=mn1=kn2ﬂZjXZleXp(—aXdz) (n=1,2,3,4;n<I<4)(3)
7, Z I AR TR (8, et () 0, % R
TR AR AT P BHERRE T 7 AR R R S (M 1] A
Jo PR AR Pl 28 A 2 R 22 RN /e B BRSPS Ty 2
SRERAT W AR A 1) s o AT 1 R AR ST ok
SRETE KR ;a=05, EYT 4 KRS R AT
DI 10 FOCR I my, , my, ,m,;, m,,, my,, m,;,
My, My, iy, My, 58 X, X, o0, x F1 x,, 0
myy (R x,)FRR 55 1 KRR EUR TSR 3 kAR a2
&R MR HE . XFEXT T G LB Y2
774 14 D EERHNAFFER TR ZS A B
1.2.2  QSAR #4556

K H it/ — 3 (partial least squares, PLS)[m 5
TSR i B — ik W R RS E PR T A
%, PLS EiEJLHERRERN Z 0S8 it Ik, 178
SERAOCR T Z W] . PLS Hpiilid & FE A UL
b M7 BB Z TG OLERE, Bl X X Y 4R
W [ S AMOSUZ A 0 i, 5 50 e e 15 T8 B A2 P
— IR/ N TG IS B S AR TE AN U 2
JLSCHRM, — Ny B OC R (R TE 0.64 ~
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x1 KEMREEFME(-1IC,,)
Table 1 Compounds and their toxicity (-1gICs,)
aY
No X X X3 Xs X6 X7 Xy X0 x,  -lglCsy Cal.  Erm.
Compounds
S
1 22361 8.6603 2.0000 0.0000 1.6387 2.9058 10.4928 6.0580 0.0000 -0.30 -0.16 0.14
Phenol
2-S K
2 59777 69282 4.0000 0.0967 1.8590 84792 72428 7.5055 2.6619 031 0.04 -0.27
2-Chlorophenol
3-E UK
3 59777 69282 4.0000 0.0043 3.1894 69431 58348 10.7572 0.7845 049 0.60 0.11
3-Chlorophenol
45K
4 59777 69282 4.0000 0.0001 33537 6.7533 53232 119387 0.1024 0.63 0.61 -0.02
4-Chlorophenol
2,3- 5K
5 9.7194 5.1962 6.0000 0.1810 1.8513 14.3160 4.5812 7.5941 6.1083 088 0.88 0.00
2,3-Dichlorophenol
24- K
6 9.7194 5.1962 6.0000 0.0997 34123 12.5136 2.6616 12.0273 3.5488 1.14 080 -0.34
2,4-Dichlorophenol
2,5- 5K
7 ) 9.7194 5.1962 6.0000 0.1011 3.4023 12.5251 2.6616 12.0273 3.5488 095 0.78 -0.17
2,5-Dichlorophenol
2,6- @A
8 9.7194 5.1962 6.0000 0.1962 19176 142395 45812 75941 6.1083 025 022 -0.03
2,6-Dichlorophenol
34- IR
9 9.7194 5.1962 6.0000 0.0844 3.3460 12.5901 2.6616 12.0273 3.5488 1.35 145  0.10
3.,4-Dichlorophenol
3,5- A
10 ) 9.7194 5.1962 6.0000 0.0116 45783 11.1672 1.7651 14.0977 23535 1.39 134 -0.05
3,5-Dichlorophenol
2,34- = 5K
11 134610 34641 8.0000 0.2639 1.8461 20.1499 1.9964 7.5055 9.6571 1.65 170  0.05
2,3,4-Trichlorophenol
2,3,5-= &K
12 ) 134610 34641 8.0000 0.1883 3.2328 18.5487 0.5884 10.7572 7.7797 1.69 1.59  -0.10
2,3,5-Trichlorophenol
2,3,6- = E AT
13 134610 34641 8.0000 0.2806 1.9025 20.0848 1.9964 7.5055 9.6571 0.58 1.03 045
2,3,6-Trichlorophenol
2,4,6- =S
14 134610 3.4641 8.0000 0.2022 3.3090 18.4607 0.5884 10.7572 7.7797 0.67 096 0.29
2,4,6-Trichlorophenol
2,4,5-=F K1
15 . 134610 34641 8.0000 0.1840 3.3971 18.3590 0.0768 11.9387 7.0976 1.73 1.62 -0.11
2,4,5-Trichlorophenol
3.4,5- =GR
16 ) 134610 3.4641 8.0000 0.1716 3.1765 18.6137 0.5884 10.7572 7.7797 2.15 227 0.12
3,4,5-Trichlorophenol
2,3,4,5- DU A
17 172027 1.7321 10.0000 0.3512 1.6692 26.1821 0.0000 6.0580 13.9904 241 2.50  0.09
2,3,4,5-Tetrachlorophenol
2,3,4,6- 00K 15
18 17.2027 1.7321 10.0000 0.3665 1.7354 26.1056 0.0000 6.0580 13.9904 1.85 1.84 -0.01
2,3,4,6-Tetrachlorophenol
2,3,6,6- 10K 1
19 172027 1.7321 10.0000 0.3679 1.7255 26.1171 0.0000 6.0580 13.9904 1.90 1.82  -0.08
2,3,6,6-Tetrachlorophenol
FAEOR
20 20.9444 0.0000 12.0000 0.5338 0.0000 33.9374 0.0000 0.0000 20.9855 291 271  -0.20

Pentachlorophenol
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1.02Z 18], 2 AR g B2 AH OC 5 b i 25 (SD)-5 4T
RIS EL B/ T 10% I, 3 IS R0 3330 v 2 1L 4
ZEHAGHAH O R E(Q)=0.50, WL EAT R A4F 1Y)
TR BRI X R 2 5 ) S R A AS B 1 T
RIE/N, R IBARL TN BE F1 58

2 Z5R (Results)

TR AR R A 2 4 RS+, R
BB ZEAHIR T h 55 4 AR FACH x,,
Xg» X115, X3 ,X|4ﬁ 5 NSO A7 T, b4y 9 NS
HFEBHT ., BB PS5 1R FR 1R A AR &
X, G YRR (-1gIC,) M IR B Y, 1 57 i fie
/NTR(PLSYREAY & B A BU(A) A 4 (1) PLS
RIZOR R AT WA P EEtE(-1gICy, ) 5 5 AR H A8 &
B9 5 2K  -1gIC,, = 18.359+0.213xx, +0.174 X x,
+0.203 X X,-32.426 X x4-2.413 X x,-0.01 X x,-1.336 X x,-
0475xx,,-0219%xx,,, BLH} PLS #5570 A5 AH 56 R 5%
(R*)H 0.948 , ALTE 0.64 ~ 1.0 22 [a] ; A2 T A& 56 il #H ¢
ZE(QH) M 0.922, 7 K TF 0.50; b 1 i 22 (SD) Ny
0.184, 5EHEMEE[2.91-(-0.3)=3.211Z [t} 5.73% ,
INF 10% BRI

1 AREATE i e /N —3f (PLS) I 2 > FE 1ot
1353, AT LR B 95% MIREAS S #RVEAE 95 % B A5
Hotelling T*# 7 B 5B A ; R T B 5 HEALE X %5 1]
FIFLA T B0, S REARAE X 25 (1] A A A A 50 B s 1
Tt (WL 2), /T LA B, B A A R fh 155 75
FE B HARTE 95% MBS X HI N, /N F IR AHE 1.926, 1%

410
a8 [ 416

-7 6 -5-4-3-2-1 0123 456 7

i1

1 BEEM2ANERIEINE
Fig. 1 Compounds score distribution in the front two

principal components

AR U ESEIIASC L & A iR 1
REASAR RIS WIR M IAL B W) 7> T 45 F R AR, 5
TEGETH AR v 15 31 TE A S e, R BV it R, ]
I U s mi A & st (gl Cy WIS I 2K

BT X4 AR A 19 B P (L (-1 C o) PBL 45 JEE 1Y
UFIR 3 AT KA IR 2 HEA T 0, 18] 3 D8 5 S
AW B PEAE (-1ICy, ) 1 b i Ak 5% 22 BB
A IR FEABRAE SR 22 FEA IR IE 2S00 A1, BT A
APREARSR 2 /N T +3 A5 bR 22 , 48 K 2Rk
AR EIBREASR 22N T 22 fFbnifEfn 22, A 1 IMREAR
W B 114 -2 AV b o O 22 S 1R, 2 — 20 Ul S TR 4L 5
RENILR .

—
D-Crit(0.05) 1.926

._
i

DModXPS[4](Norm)
>

e
W

0.0

B2 e/ X ZTEMELEREES
Fig. 2 Normalized distance to PLS model in X space
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Fig. 3 The cumulative probability of standardized residual
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oo )

H12E

HEFBE( Y random permutations test), LA R 25 &
Y RIHEF G 85 Y PR DG R BB R @7

1.OF
0.571
< .
o
0.07 = |
o
S L S S S S S S
0.0 0.2 0.4 0.6 0.8 1.0
Correlation
B4 YFRENHEFIRIEL R
Fig. 4 The results of Y random permutations
T =0
6t m —0.3~0.77
o]+ 0.77~1.84 17
1 = 1.84~2091 =14
B 18
21 /
F0 Pt
-+ -~
=27 n =3
—4 1 2 mg
-6ctml

B5 HARRRNMNIFE-uE
Fig. 5 The t,-u, plot of the samples
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Fig. 6 Importance of variables

YERI(E 4), FAELRAERIA , — Bk U, G (A A5 7R 22
sk RPAT QPRYARIE S /N T 0300 F110.05084 ) (& rh
AJ DL BN A SCRT AR R FI QP ] U1 2% 4 AR R 4 )
4:-0.0167 F1-0.480, KL AT LATA A 7Y i [ 4725 21
AR R R TS,

R T X 2SS Y A AR5 AR M
Pht -u AEEI (UL 5), NI AT LUAC IR ¢ F1 u, Z 0] 3%
I R A A ZRAPEAR G (R OC R 2L R34 0.688), 1461
55— TR T LUR G b i A s B0 Y h i
FE . LRI (IC,,) R/ NHEAT & (o P ] LUk
IEEEAE (F1gICsy ) R MY FEAS ¢ | u, 15 40 (E 3, T
FEPEME(IEIC,) /NI FEAS ¢, u 15 B, L&
P BREPE(E(-1gIC o) /IS BRI Y X 4 A2

6 M H BB AR bR A % K AT L
THAE M R A 45 R R A A A W ) B R E
(-lgIC )R K/ . — Mk, VIP KT 1 128 i
XY SRR fRRERE 1R, x5 VIP (E ] K
F 1, WX A P EE A (gICy ) i i B 2 x4
PR TS 1 RARER T Z I A S R I, A SE 1 2%
JEEREF AT B S o A T Uz A A Y B
PEE (-1gICy ) A A i 2, 1 4N 20 4k & 4 B AT i
ZW5 1 AR U ), B ¥s), [l
HA BRI (1gICy,). & AR RAL S YIRS
FE RSP A Bk T R 43 N W20 . Ak & 1 25 2ok 240
AR AL SRS 48 SRS A 2
I S AR 2R R VR, (B 532
AR R ERERE 1R ERURE CL Xz
F O JFT- v v fur s /0N, R 454K A 1 e B
()RR PR RN 32 B T A6 & W %6 A= W 1) 2 3 g
F1. A LB ClLi £ b AW B AT iKY
BEZK 53 BE R B (Ko ) , B8 75 2 25 385 40 B B, 1R 1T 23
PERR A

SRyt — 21 B A2 FH AR SCIG S5 R 3 AR A BT R
FA) Ay 10 ) B g A AR 6 7 SRR A A 500 E 7, il
HU5.10, 15 F1 20 54k & 9 (35 PEAE 5 51 0.88
1.39.1.73 F 2.9D)1E 2 S0 M A A ) 30 7Y
15 MME G W aE AR BRI bR e A T
f TR 43 501 K 0.88 . 1.28 . 1.63 Fll 2.46 , 1% 2243 5]
4 0.00.0.11.0.10 £10.45, R/ 582 H
AR SCRGHE Z5 R HE R AT Ir g 57 1) PLS A5 780 131 ) g
Jya TN R4 PLS AR AU X 4 ER Ak A W 1 B
PEAE (AgICso) AT T FM , WA 5] F 3= 1 /Y Cal.
G, 1R 25 Err. 81, A b ] DL U BLAR AL
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XA P TP (g1 C ) TR A P oy IR Z2/DN,
BRI R o

3 itif ( Discussion)

A Y AR SR IR T i A S
FHGHAT 28 AR R AR i T S8k e
¥onrhaE a7 B B3 aS50E 02 R &k
FR T Z 8] ¢ R AE R BE MR AT X A B A
KRG IT T S H R, FFm R A
P e /N — S [T H (PLS) Jr ik i T iz b G it
2R -BEMEE (H1gICyy ) 1Y QSAR FRAY | AR Y 28 K6 56
HAR 2 MmN Ge 1 5 S fd e, v LUH T
AR LKACE WA (GICy ) TR, A ST
BRI RR AT 5 ST L, AN TR R
SR TS A Rl R, PR B AT R
TR A TAE /NS A SCR] S BR 45
ABLTG G 1) QSAR HF 5T $ 4k —Fign i 7 vk, A
H—EMNSHNHE,

BIREERE M FTHARU1959-), B, #3%, T 2N FANS 5
FREMERENEE HTFRITESREFGBHR, AE—
VE BREZERRNIEEFRELSOLE,
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