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Theoretical Studies on Quantitative Structure-Activity Relationship
and Structural Modification for 3-Substituted Sulfur-5-
(2-Hydroxyphenyl)-4H-1,2,4-Triazole Compounds

Feng, Changjun™
(School of Chemistry & Chemical Engineering, Xuzhou Institute of Technology, Xuzhou 221111)

Abstract The DFT-B3LYP method, with the basis set 6-31G, was employed to calculate the molecular
geometries and electronic structures of 24 3-substituted sulfur-5-(2-hydroxyphenyl)-4H-1,2,4-triazole com-
pounds. Enomo, Erumo, Extomos Excumo, Qci~0cs, Oni~Ons, Qo, Os, AE, AE,, O were selected as
quantum chemical descriptors (¢g.). The quantitative structure-activity relationships (QSAR) were established
by using leaps-and-bounds regression analysis for the antibacterial activities (A4y: Ay, 4 and 4;) of 13 com-
pounds to Escherichia coli, Monilia albican and Staphylococcus aureus along with the g.. The correlation
coefficients (Rz) and the leave-one-out (LOO) cross validation RCV2 for the 4., A, and 4, models were 0.930
and 0.871; 0.926 and 0.869; 0.781 and 0.572 respectively. The QSAR models have both favorable estimation
stability and good prediction capability by Radjz, F, RCVZ, VIF, AIC, FIT tests. The results indicate that the
AE| and XQ are main factors which can affect the bioactivities of these compounds directly. The antibacte-

rial activities of the compounds increase with the increase of the X0Q; however the higher the AE; is, the
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lower the 4 is. The possible mechanism has been given for the antibacterial of the triazole compounds. It is

known that the suitable structural modifications of R group in triazole compounds with the strong elec-

tron-attracting one are beneficial to the antibacterial activities. According to the results (11 compounds) ob-

tained from the structural modifications, the antibacterial activities of four modified molecules are over

100% when mass fraction is 0.01%, and it is expected to be confirmed by using biologic experiments.
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Figure 1 The basic structure of title compounds
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Table 1 Antibacterial activities (4;) and quantum chemical parameters (g.) of 3-substituted sulfur-5-(1-hydroxyphenyl)-4H-1,2,4-

triazole compounds

No. R AE, 20 4. An 4,
Exp. Cal. Exp. Cal. Exp. Cal.
1 C¢HsCOCH, 0.15563 0.07213 0.971 0.962 0.941 0.945 0.880 0.845
2 4-CICc(H4COCH, 0.13954 0.06116 0.982 0.974 0.992 0.962 0.951 0.898
3 4-BrC¢H,COCH, 0.15109 0.08163 0.980 0.975 0.976 0.963 0.902 0.864
4 4-CH;C¢H,COCH, 0.14808 0.06144 0.961 0.964 0.934 0.947 0.829 0.868
5 2,4-diCH;C¢H;COCH, 0.14942 0.05768 0.950 0.959 0.923 0.941 0.817 0.862
6 4-NH,C¢H,COCH, 0.15864 0.05016 0.942 0.942 0.915 0.918 0.815 0.827
7 4-CH;0C¢H4COCH, 0.15193 0.05973 0.949 0.958 0.921 0.939 0.810 0.854
8 C¢HsCH, 0.17190 0.00483 0.880 0.893 0.822 0.848 0.756 0.765
9 2-FC¢H,CH, 0.17272 0.02104 0.883 0.904 0.852 0.863 0.768 0.768
10 3-FC¢H4CH, 0.17362 0.02134 0.913 0.903 0.890 0.862 0.770 0.764
11 4-FCsH,CH, 0.17326 0.01355 0.929 0.897 0.885 0.855 0.751 0.763
12 CH; 0.17384 0.00596 0.879 0.891 0.837 0.846 0.782 0.758
13 H 0.17878 —0.10619 0.807 0.804 0.725 0.723 0.709 0.703
14 4-NO,C¢H,COCH,* 0.10319 0.09809 1.047 1.062 1.039
15 4-CNC¢H4COCH,* 0.13851 0.09071 0.997 0.994 0.912
16  3,4-diCIC¢H4COCH,* 0.14580 0.09290 0.990 0.983 0.887
17 3-F-4-CIC¢H4COCH,* 0.14614 0.09127 0.988 0.981 0.885
18  4-CIC¢H,CH,* 0.17451 0.00792 0.892 0.847 0.757
19  3,4-diCIC¢H,CH,* 0.17451 0.02131 0.902 0.861 0.761
20  4-NO,C¢H4CH,* 0.13262 0.09812 1.010 1.011 0.935
21  4-BrC¢H,CH,* 0.17428 0.00580 0.891 0.845 0.757
22 4-CIC¢H4COCOCH,* 0.09414 0.06983 1.038 1.049 1.061
23 4-BrC¢H,COCOCH,* 0.09482 0.06723 1.035 1.046 1.058
24  4-NO,CcH,COCOCH,* 0.08917 0.09631 1.063 1.085 1.087

RN R, AN By AL RIS AR T LA B A R,
Bl 5% BE 12 #49 % (lowest-energy conformation), it ] 45
B 73T AEE R B JUAT SR S B (an B 1B A1) el T 25
AE 218

ARy THUEEE, W7 BRI ALt S N 7y
TRTEHE Z IR A AR T 5 R, A&ty
IR AT AR, 48R, X ARk N 1 R A 2 S
RIETFAEM. B, PRI T B b 4 HUIE e (the
energy of highest occupied molecular orbital, Eyonmo), X
% 5 o 4 4L Bk (energy of the next highest occupied mo-
lecular orbital, Exuomo), 1K= L& fE(lowest unoccu-
pied molecular orbital, Ejymo), XK1 RE(energy
of the next lowest unoccupied molecular orbital, Exiumo)
A S UIE RE B AE((= ELumo — Enomo) Fl AEy( =
ENLUMO_ENHOMO)'VEygﬁ?ﬂzﬁ\¥lﬁj MHAFH IS4 1)
PG R, AT A2 S N R i Ay s ) AH
YERI SRR, J3 7 AR Ay A 5 S v 7 AR EL AR A 32 22
JRIA, JF2% R QSAR BB MFREL, I T i o1
FARICA R 7 A, BIRR—FR R OR IR Ly = I FA rh
A7 Lt Jg 7 B Rl Ay, RIREZR A Oci~ Oce(H
A O8), O~ Ons» Qo> Oni™~Onzs Ocr~0cs, Os, i

Ou1~Ona NN EER T ERHEAT, Ons [RRI AL
AT B AT, Ope AR 2 3 h &R+ B 1) W gy
AR B (o) A2 7 3 1 AR PR 0 59 (R 2 8,
e BT R LRI, AN 2 E g AR
3 (BIBACHE R) LA H (B “T” o). WAR, R ek
A, h5IE Tt A s BT e AR A, RE
R TR 7 T BRI BEA 2 fE0). bik
S EIILL “q.” FKIR.
1.3 SitEV35H
HRMAEDE) ER BN S E (g )EN AR,
FAREIR) 3 R B g 1 (Ay) 73 ) b DR A i, S e fE AR
FARRNATTVERAT A B e i SO B AR A &, Har
FH I S5 ARG LK) QSAR BEAL. SRHIZE n SR
%(leave-n-out, LNO. A n=1, 2, 3, )X F 7000
e R R PEAT RO, LASE XRAEA R R B (Rer. D T
DAIVPA. 4 n=1, WAZE IR, —BAWN Re*=
0.5 (Revt” FITRIS N “Re” ), FTARm HAT AT B
PES TR AE UL 0T n=2, 3, (W B HIERTE,
B =G ERESE), WAL, AR )
51 e ) 7 LARL K. AR S K A F (variance
inflation factors, VIF)!'"WEHM #5788 % [ 25 B 1) %2 5 A
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K, VIF (15 LA
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Lrf Ry AR X A 54 M AR M REL
n VIF=1, £W& ARSI, 2 VIF<S I,
U WA 5 B) A I Sl 1Y) A DG, T A R R AR E 11
2 VIF>5 I, WAL AAE 7 W] R IR L ek, P A
T — AR T 55 Tl

FHST I QSAR BT, 5N Akaike 15 5 ¥R
(Akaike’s information criterion, AIC), Kubinyi B %{
(Kubinyi function, FIT)!'>'® 3145 A2
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(N—M)?
Frr=_RN—M=1) 3)
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AHh RSS 77 2280, N A GO (BIFEA S ), MRy ik
ANBER AR 4. AIC R, FIT (EBOK, JT 2 (R
ARG E, TR RE .
14 REEHIRSEMEER

S A B 1) AR D R S M A AL T A
R N 1) 25 30 % (pharmacophoric  conformation) i 1) 2%
I, BR25955 1 E R T SERRSZ AR I B R IR 4, JRFR
h s MR % (active conformation) M7 AR 11 AATTHE LA 42
N AR RN IS TR G, 18 H DRI 4 T LA
ARSI R A 25 W) 3 7 13 AR AR R T RS
m T EARRE RS, HAR &, BEVEY RS AT
LSV A 3 T =01 AL W UNDS ¥ A = R Xl (5239
R I GAVE JOS TR 3R, AN ARz, [ BLix
P 5 JT S I ) ) A 2 B8 3 ) AR A A T LA R
SEPERIS BRPE, ST LA,

2 A BJ QSAR &

21 ARI% Tt EVAREL AL 5010
R 13 Bl =ML E WY F AL (o) M AL e (4y)
P B N MINITAB St oMk t, & idtd

1) d5 A 1 B DV RR e 3R AT A% 8 s 447 SO B e AR AR 40
A, HEATAHIIY QSAR AL, kR @Ak A Xt KA
WS TE A MR AL W3R 2, Hod R, Ry, RS S,
Scv, F, AIC, FIT 435I 0 52 RELTIRE R ZE L),
R IEH 58 R A(LA B A8 S AN RE A B0 ) &R
M), LOO A8 IR R, At Ak 2, LOO
(R4t V1 b5 ME 5% 22, Fisher 418, Akaike 15 & 195,
Kubinyi & 44.

M2 AL, B AASEE H I, L R Bk,
1Ml F Bk, WARAREMHEIX 2 FhoRbrolcfi e B2
HOFRAL B Ri’, R, S, Scv, AIC BITE = JeHU A4
RUAL BT R, AR TR T AR B e, Y M
GRS AEZ ToRIA bR, AR TR I AR 2 B R
A, — ORI RN N/M=5; Ak, N
SEREARZ R, M OJE T MDA AR R (AN B A
FIIREAR R N=13, H M<2. 454 FIT 48 JoHeai
TILb BT, DR AR S o 2630 502 1% e B A T A Oy
X R TAT BRIV BRT U 1 1 5 A QSAR AREZEL:

A4,=1.105+0. 72650 — 1 .254AE, 4)

N=13, R*=0.930, R=0.964, R,;*=0.916, P=0.000,
R.>=0.871,5=0.0148, F=66.167
() B TR R A BR TR B NS R ) e fE QSAR
A
An=1.142+1.01720—1.735AE, (5)
N=13, R*=0.926, R=0.962, R,;=0.911, P=0.000,
R.>=0.869, S=0.0213, F=62.314
O] 4 v 0 A 2 K PR AT B P 1) B QSAR AR
A,=1.36940. 34120—3.522AE, (6)

N=13, R*=0.781, R=0.884, R,;=0.737, P=0.001,
R.2>=0.572,5=0.0345, F=17.829

B (4)~ (6) ' Rog® TIPS AL IO, Ragy”
K, T RRILE L LY. 2K P=0.000 5% 0.001,
TN — M2 1 0.05, B —/MEIRL i IR
5. 20, AE, [ VIF )0 2.482, #/T 5, %W 20, AE,

x2 BUSHS A RELRR FERIHGR

Table 2 The results of quantum chemical descriptors (Q;) and 4. with Leaps-and-Bounds regression

No. R’ Rui’ Ry’ AIC FIT S Scv F Variables
1 0.889 0.879  0.743 0.00078 6.2928 0.0178 0.0270 87.805 0
2 0.930 0916  0.871 0.00050 7.8151 0.0148 0.0201 66.167 20, AE,
3 0.948 0.931 0.911 0.00044 7.4580 0.0134 0.0176 54.868 20, AE,, Op
4 0.951 0.926  0.395 0.00395 5.3540 0.0138 0.0485 38.656 20, AE, Op, Ocs




516 %

JUTARARSE, IR SR sp A AR S Lk, 2 o BE R 1.
SR R, (=0.5), F, AIC, FIT nJ 41, ‘EA1H8 A4 R
(B M b S T AE ). TR R A S A LA
FAH N 1.

KT HE— BB AIE B QSAR BT N A ), 813
MEAE D5 N5 10 MEEPFINNEASE 3 MuE,
LR 286 MRS MRLE. FIH MATLAB H4if%
JP T IX BN AR L AR IR AR DG R B S0 — 5 B
(leave-three-out, LTO){IAE X AEAH K REU(Rey5). FT
286 ™ A WIZRHE - J0 7 RE MM 2 R B P3815 M 0.962,
HIRE Roys=0.872; 286 /> Ay WIZREE IG5 FE AR
BEEIE A 0.960, FIN Re,.s*=0.834; 286 > 4, 1%
B ICHTFE AR R EL T HIME R 0.893, AHIN. Reys®=
0.505. "EATHIA I RECTIIE K Reys” S HEL(4)~(6)3)
B, IR IR S 0 3, 8, 123X 3 MEA 1 ik
£, R T A, Prat s .

A,=1.064+0.74050—0.989AE, 7)

N=10, R*=0.928, R=0.963, R,;;>=0.907, P=0.000,
§=0.0157, F=44.956

A,=1.088+1.01930—1.389AE, (8)

N=10, R*=0.927, R=0.963, R,;;>=0.906, P=0.000,
§=0.0218, F=44.482

A,=1.405+0.23230—3.763AE, 9)

N=10, R*=0.776, R=0.881, R,;;°=0.712, P=0.005,
S§=0.0368, F=12.139

BRI (7))~ (9) 25 HH 1 T B4R B 0 1 Tl A
W 2 6] 4, TSI S5 AR N ) T SR BTRIIE A 5%
UFWar. WIRR()XS S 3, 8, 12 S LA T ARG 5
ZER IR —1.5%, 4.0%, 1.9%; FEHL(8) K —0.5%, 2.0%,
2.0%; BAR(9)h —5.1%, 0.5%, —3.8%; H{E YK
M w22 DL . HR R BB (4) ~ (6) 1) O e 55 5
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=R G SRS R C-14 5 T A
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SEAT JE OO0 O BHRG Bk nb bR Bk AR 45 A P (e R
“Pr-Fe-O” YIJE R, il 2 f (5 B G i, ATk 2%
H . BRI ] e 2 = MR &Y 5+ 5N
RN BERR 7> R AT AR L, LS R =Mk
B 53R NBR I O BR S I LA SN, T Rk b
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Figure 2 Relationship between experimental and calculated
antibacterial activities of title compounds to Escherichia coli
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Pr-Fe-Tz fAS T, 4 2% PHAS A ek nh bk ik 480 4% 554,
T 00 51 22 A 655 TR B, S IR v PR A B S . B
Evumo 5 Ay IASE, Evomo 5 Ay AWIEAHIK. HT AE,
= Erumo — Enomo, Jit A AE, 5 A ﬁkﬁ*ﬁ?@, X5
(D~ T AE, Wi R BN T — 3.

B3 710 2O FHAE AR = MR B R
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T A0 AT A G P2 £ S I, S AL o () A BT G . W]
W, 20 5 Ay N IEARRR, B (4)~(9)F 2O HT &
H 4 IEAE T LAIESE.

B4 ~O) P I AR AE,, 20, Wor T =M
RO X R B E0 S BR R R <8 €0 7 2 BK AT 11 410
PIHLER R L = M8 531~ 55 RN bk p 2k Ji 1 TR) TR B
IEH RO B Rt WA B ) mldi Ak 2 O, A
JEAZ P AT AR . AR = Pl ST AR TE A2 H A
it AR M 220, 52 B AR ) 1) = MR AL S A
FHISE, BARAE FIHLERAR [R], (H A0 RR S 1 0 98 S I A
PE. BERPAR S, BERY(4)~(9)EBL AE,, 20 B I RECHA
FHIA T LLRAE. 2O (AR P % B @ Bk . Kt
PRI 4 0 AR 28 BRI 3 e, AE IR TG PR A2 3 K

FRB S I EERERIR S <o 00 €00 28 B TR U35 16 (A 1T A
Hm L xHE2iE g 1), SR ETE, BEftm 20 MEAR
AE, (R GIN, AT R T o503 = MR 5070 1 140
WA P, RS =M S0 T IEAT ik s, A3k
5 i R P P AN A

3 g

P 1 PEr 13 AMEEWTHE R 4200 4 25 R'=
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