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QSAR and Molecular Design of Imidazoline Derivatives as
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Abstract: The quantitative structure-activity relationship (QSAR) of undecyl imidazoline corrosion inhibitors for
anti-corrosion behavior towards hydrogen sulfide and carbon dioxide was studied using density functional theory
(DFT) and regression analysis methods. A stepwise regression analysis was used to determine the main independent
factors that affected the activity of the compounds and a QSAR model was established. The stability and predictive
ability of the model were examined by “leave-one-out” (LOO) cross-validation method. We found that the electron
transfer parameter (AN), the electrostatic charge of non-hydrogen atoms in the imidazole ring (2Qu,) and the mean
molecular polarizability () were the main independent factors that contributed to corrosion inhibition. The fitting correlation
coefficient (R? and the cross-validation coefficient (¢%) values were 0.924 and 0.917, respectively. These values indicate
that the model is of significant statistical quality and has an excellent predictive ability for corrosion inhibitors. Based
on this established model, new molecules with high anti-corrosion properties for hydrogen sulfide and carbon dioxide
were theoretically designed. This model may be used as a theoretical reference for the design of new corrosion

inhibitors.
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Fig.1 Molecular structures of imidazoline derivatives
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Table 1 Quantum chemistry parameters of imidazoline derivatives and the experimental and

calculated values of their corrosion inhibition efficiencies

Inhibitor  Eyovo/eV  Eymo/eV  AE/eV AN 30ie/eV  a(au.) IE.(%) IE&W(%) SD* 1E (%) SD°
1 -4.57992 -0.12174  4.45817 1.01473 -0.589  32.52475 64.01 63.50 0.51 62.02 1.99
2 -4.68602 —0.01436 4.67165 0.99229 -0.585  31.74247 59.78 62.86 -3.08 61.33 -1.55
3 -4.60471 —-0.99577  3.60893 1.16371 -0.757  38.68567 79.32 77.51 1.81 77.34 1.98
4 -4.34963 —0.38506  3.96456 1.09635 -0.581 35.63388 74.54 64.28 10.26 - -
5 -4.18100 -2.03062 2.15038  2.01093 -0.766  44.94882 89.63 88.66 0.97 88.96 0.67
6 -4.57557 -1.41942 3.15614 1.26816 -0.762  44.72270 83.21 79.56 3.65 78.46 3.74
7 -4.21129 -2.57076  1.64052 2.19989 -0.770  51.42658 95.03 95.27 -0.24 95.85 -0.82
8 -4.60553 -3.09712  1.50840 1.28741 -0.583  39.96613 78.24 80.54 -2.30 79.72 -1.48
9 -4.23578 —-0.36642  3.86935 1.10063 -0.592  42.28272 62.78 65.11 -2.33 64.70 -0.92

10 -4.45507 —-0.99699  3.45807 1.23594 -0.581 41.46096 67.43 66.55 0.88 65.15 2.28
11 -4.62158 —4.09365 0.52792 0.96307 -0.757  48.26909 82.28 83.96 1.68 83.69 1.41
12 -4.28315 —0.34580 3.93735 1.08694: -0.588  36.22049 67.21 64.61 2.60 62.26 3.95
13 -4.89022 —-0.22849 4.66172 0.95258 -0.792  35.94667 72.10 75.49 -3.39 74.40 -2.30
14 -4.55143 -1.52340 3.02803 1.30858 -0.596  39.71855 66.33 68.79 -2.44 67.32 -0.99
15 -4.32332 —-0.16520 4.15811 0.98978 -0.603  39.75733 58.17 63.06 -4.89 61.66 -3.49

Euovo: energy of the highest occupied molecular orbital, Eyyvo: energy of the lowest unoccupied molecular orbital, AE=F} yvo—Eromos

AN: electron transfer parameter, 3 Qs electrostatic charge of non-hydrogen atoms in imidazole ring, e mean molecular polarizability,
IE: inhibition efficiency, SD=IE.,~IE.; “the data calculated by Eq.(8), "the data calculated by Eq.(9)

F2 LMEPER

Table 2 Linear regression results

Constant AN

P ang

R? SD F

45.690/44.437
6.503/0.389
—-0.321/-1.206

20.501/21.109
16.151/16.788
10.040/14.049

—68.702/-75.548
—71.174/-75.457

0.349/0.149

0.588/0.611 7.398/7.203 17.151/17.295
0.846/0.881 4.242/3.737 38.821/62.316
0.878/0.924 3.946/3.023 56.874/84.803

The data before slash are regression results based on 15 imidazoline derivatives, and the date after slash are regression results after deleting

singular point. R is correlation coefficient, F-test value indicates that the descriptors in every model are significantly different from zero.
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Table 3 Correlation coefficient matrix for
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AN 2 Qi a VIF

AN 1.000 1.855
20 0.534 1.000 1.768
a -0.437 —-0.456 1.000 1.451

VIF is used to measure how much the variances of the estimated
regression coefficients are inflated as compared to the condition for

which the predictor variables are not linearly related.

W MBRIZAE S PG, B n-1 N He A Y T
1 A A A 21, A5 el A RS 3 F) 4 6 R 0 7
J5 R BDA RE. X RO 3 AT LA A F A R AR/
PEA TSRS S VR, B : 5 A Y R R/,
Uk B T A5 TR DA AR LA A RS e 1, AAFTEL S
FHE. ARSEMBRIL A P A B R R R RS
AR TN RE F7. Ik, FRATTERR B — k38 IR UE
Xof A1 YRR A T B6IE, 38 IR AIE 2 BN REIAER H
B R e, 1T ELAB S W R A WU RE T . %
RS jackknife JriE AL, fEH ¢ B RS,
B SITE REL gl WA (T BRI A
TEREL g2 vl B ELE 3)kER. B 3 DL 0.7
MR, 0.05 MIEIHE, AT LA H, 7643 14 UZE—FiH
— AN ST Rl A3 T ARG 56, 32 SUIRIE 2R 5 R 4%
0.91 & i sh, FLUE st BE 4 /0N, AT D, 4 () 4 Al
XiF T B SR Il 43 - ELA AR Y R b R
(9) 5L BY2E B HIE 28 g°=0.917, LBz A B A
B I I

I LA B 43R Rl 5 REO) P B B AR
55 AR BEANHAT 55 A DG, i FL R R LA
BT p AR e M A R B T BB 7. BT DAEEST B9 AR
AN, IR TTS T R 9).
23 H5itie

FHREO)EW, &L ou% 4 mH g A5+ —
FoE LK IR ATT A 2R 1ok 70 2 bk BB AR SC 1) £ BESL
T8 T SEAN RIEIR - R U5 T 2
TS Qg B 3 TARAL Z 0, HiAF AN 53 Q0] 22 113K
R TTRRIA $188.1%. =& WA HLLE & REW W +—
S5t S WK RIS 92 1ol 551 () 22 Dl 1k BB A ARG rg T

e, BUE SRR ST 5 R R K R

e —
s

Deviation

2 AROITENEMMERESTE
Fig.2 Distribution of the different errors of corrosion
inhibition efficiency calculated by Eq.(9)



No.12

WRATE S5 < IDKRIBRAT A M G2 1R 9 SR I 2R o1 it 2529

B3 14XB—EXXWIERY g FixE
Fig.3 Radar graph of g;; from 14 times leave-one-out
(LOO) cross-validation

RIS R AN(r=0.786), H. AN 5 MR [R] ) A2
1k, SEIEA M, KB AN K, S0l 1Y 2% ih sl %
HR. 2 1 T EHE T LUE H, SRR R K i
FArF R 5-7, Ho AN (A2 e R (B LR RO ).
AN B TS, AN B EATLR BB E RS H,
It HANS AEA B8 45 19 7R OC 1 (—-0.925), 11 AE
BT RE MM E SRR, AEB/N S AR
LR, AN W5 43 B E A OC. AN IR, BX
MRk 2 b 5] 43 PR AL T3 428 Fe 9% d BLIETE
WAL RE ST, ARG R o T s i e 2 4
J& Fe [ d il b B4 A9 HL I 80 S i A 1 7tk
588, 43T 4 2T 1 U R 7 bl o, DT ffi 75
SEih R 1 28 1l M B4R 5 . Lukovits 252 fIF 57 45
W, AN FIBCE AT DL R e G RS 1 7 A i 2%
TER, 24 AN<3.6 B, ZZ sk R 2 bl 2 k) 5 4
JE AL RS BB BRI I R, X S AR A
FN A5 R AR

SRMT, X T BR IR bk 2 1k B 9 11 2% Tl sl R R it
AN ERJE EEAYINF, (HIA 257 HoA 2 5005,
TR TER AN Z 48, iBEE 57 300 v FAFZI.
3 Qune 5 TS A oM AR (r=-0.703), H 7E 7]
IR B R B TUE, R S0 #/IN, BRIEBHAT
AP RIRRCR R, W1 A WAk T
X— . B 5,6, 7, 11 1 S Q4 HH/IN=0.757 -
—0.770), HEERRCRAR LK (82.28%-95.03%).

WAl o 545 F WA AU IE e, 17k
FOUR AT P IE BRI S5/ INAS s BERE B R R 6 1Y)
W R o BR, 4 FIRBUR SR, 7RV IR K
73 R EAE SRR U, N2 L, ST £
()8 PR 3 1 T R AR T BRIV TS 4 e e

PR ST, 7T R B BB 2 Tl A . DRI o ABRKG,
U E ST

ARSI ST R KRS 22 1 0] 73— B B BE A
JEE R ) (g B4 B SR 10). Wi 5% & B0 02 06 Jo 2
B A [R) T 2 7K S 4% R R () A 10K s bk 24 2 k551
o, EACSEUEAAR/N, THZZ Mk Re AR (L HIR
K, X2 T BE A e S 1 728 A2 R 43— i i K
PERE A A AR K ZE Ak, T A A2 AL A B Ab 5T
HRICTEAS BRI, DR, X e S 4 B A R] I SR K
SCHE R M ] 0 DK ma b 2AS 7 b ) - L 2R Tl vk g 1Y
2B A i TR

IDK MR bR 24 2 1 5510368 04— B A 3R AT P A BRI
B0 R b 22 2 B, ol 2 ol 5] W2 B P 46 J R TT . X
B, — 7 1T ACA% 4 T 2 1T A9 R A 20 A AL S TR o, ol
& BRI RE DR TR Ak, Mg ik
o7 (A AL B (BB 2 B RS, BV EL R0 ), ol 5 ol 328 3
15 I3 — 7 TRV B 1% 22 1l ) g AR A Pk R A,
RETE 4 B R M — 2 A TE - B, BHAS & 5
ol S N A 2R ) FELAT BCA) SO 1) PR s (3 TR AR ), PRI T
e g ok
2.4 HFiIgt

FT UL E P QSAR BRI A 5 1) =S4k
XTI DTk 25 I, AT R B, AN 3 Qppe v 3%
SASHORARE EEW, I H S MR AR
UF AR SN, AT REARAL S W RT LB Y, X 2eb 54
PSR AE F R B S, X Ui B R EBCH L X
AN 2 Qg0 = DSHATARK I M. FRAT1 45 G Fons
PR (SHAB) B i =0 73~ PN B[R &80 =7, Jdaet ek 2
BUEE R A 3R 22 AN 2050 4K
{8, &t T 4 MR o+, ety s 4 pr
N, fEHRFE R kT T 4 RO 4 1 AN,
300 “MEE SR, IF4A5 G QSAR RO L
SRR T TR, S5 LR 4.

Ri1 Ry
PPN W P NN
N N N/ N/\/N\C/
\_/ l \_/ I
S
16 18
Ry R
11
)\ ﬁ i H H [
N N/\/ o7 N N/\/N\C/ ﬁ—OH
\__/ [ \__/ || 0
S S
17 19

4 FZITHY 4 FRERMEMKSRZ T K 2 F &1
Fig.4 Structual schematic diagrams of four new
designed imidazoline derivatives



2530

Acta Phys. -Chim. Sin., 2009

Vol.25

F4 EHSTFRHEER
Table 4 Calculational results for the designed
compounds according to Eq.(9)

Inhibitor AN 2 Oring a IE., (%)
16 1.05893 -0.759 41.07096 8291
17 1.13262 -0.769 41.71417 84.88
18 1.17698 -0.757 49.66617 87.43
19 1.19038 -0.767 54.31416 90.96
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19 PR MECRAE 90% LA L. RISk R i 153414 2% ol 551
19 FEAT TSI VRN, 25 5 B, 2% 2% 15 78 65 il A
JF M HoS(30 mg - m™)Fl CO,(1 AN AE Y 3% NaCl
TN 58 50 mg - L BFZ B ACR N 88.73%,
ZACIE S T AA A Ak 22 1 A XHE AR 2.23%, it
— I T FHIZ )y 0 TR G pl R i A B
P,

I PRI 22 ol ) i 2 LI 5 2 TR AR
=10, R AR R R AR ZE, ASUUFE R T
HR A A2 TR [ 2 A e HH A LA e S50
BRSNS BT A5 1A 45 SR BB A8 XoF 2 1oh 351 11 S B AF 5
A —SH 3%

3 & &

S e =) P A B v IEATWILS b v 1w
P 15 Bl —hg JE R b AT A 1 5% b 590 A SR L 45
F 5 IR M AL R 2 (B D6 R AT T HFY, 357 T %%
ol 70 28 ok M BE TN 1Y QSAR AT BFSE K BR, HL T
RS SR AN KRR A SR 8 AT 2 S Qi
B 5y F AR A2 oo X DR s RIS 2 ol 590 11 2 ol 4 e
RKHTTER, HEIN4> 119 AN F o L FRAK S Qe BE
R G R A SR IR . B — k58 IR UF 4
R, BT ARG R A R e A T B 0, 8
1 AR AT UG LB [RIZR R ) 4 T2 L i
HGEREVES I BT as IR, 3T b
THAH QSAR W= AT, SEER (&, FRHK
T . I QSAR HFFE 45 AT T 4rF ikt EFE
W RN T — S B A BT HoS \CO, B 1t iy i 7
WKIRIARAT A= 90, SR S8 T AR & BT U % 1ol 551 2 44t
Hie2%,
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