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Abstract; In this work, the comparative molecular field analysis (CoMFA) method was used to construct a three-
dimensional quantitative structure-activity relationship (3D-QSAR) for the acute toxicity (-IgEC,,) of 35 phenyl-
sulfonyl carboxylate derivatives to luminescent bacteria. In the established model, 30 compounds were used as a
training set to build the prediction model, and another 12 compounds (including 1 template molecule and 6 newly

designed molecules) were used as a test set to verify the accuracy of the model. The established 3D-QSAR model
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showed good stability and predictive ability, with cross-validation coefficients (R,) of 0.665 and non-cross-valida-
tion coefficients (R*) of 0.960. Model analysis showed that the contribution rates of steric fields and electrostatic
fields to acute toxicity were 70.0% and 30.0% , respectively, indicating that the hydrophobicity and spatial structure
of substituents were the most important factors in determining acute toxicity, followed by charge distribution,
hydrogen bonding, and coordination. Guided by the three-dimensional equipotential map, this paper designed 6
new molecules that were expected to have higher acute toxicity to luminescent bacteria. These molecules needed to
be further verified for their activity through biological experiments. These findings provided not only a theoretical
basis for understanding the toxicity mechanism of phenylsulfonyl carboxylate derivatives but also useful informa-
tion for designing compounds with higher toxicity, which is of great significance for environmental monitoring and
the development of biotechnology.

Keywords: phenylsulfonyl carboxylate derivative; Photobacterium phosphoreum; acute toxicity; comparative mo-

lecular field analysis; molecular design
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WA Y5> T 5 SZ AR M 45 G ) = 4 S5/ R AiE, 4
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1 ##57% (Materials and methods)
1.1 B4

IRBR ISR R 6 11T A= 0 1 S AR 25 4 2 DL TR 1, B
AR K HAH I () -1gEC,, [P 4 1 FiR .,

35 ORISR R BRI AE 4% 6 ¢ 1 LB AL 53
RN GREEFTIREE , 43 30 ASF12 (& 1 51
W o3 Bt iy 6 LG, R 1 a7 43
TG WAL, VIS T2 T 857 3D-QSAR %

B I ] TR R A Rk

B1 FRERBREETENS FHEREN
Fig. 1 Basic structure of phenylsulfonyl

carboxylate derivative molecules
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Iz Gasteiger-Hiickel HL ™, SR 5 # X 2737 5
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K H Lennard-Jones Fl Coulomb & %4351 5
RASRIIERFRBRAT A=) 77+ CoMFA 119745 [H] Rl it
HZSteE., Y 15 nelEh A28 & A0
INF (A= T M - 1gBCy, o PRA% S ol FH A A /N — 3
(PLS) Jr i s BT Z M &t e 5, AR — 1%
(leave-one-out) 38 LG IE FH T 3R 15 B 3 43 (op-
timal number of components, ONC) Fl#x 15 14 38 L 5
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R1 FRERBRETEVHS FERSXNLAEH S (-12EC,,)

Table 1 Themolecular structures and acute toxicity (—-1gECs,) of phenylsulfonyl carboxylate derivatives
against Photobacterium phosphoreum

No. R, R, Ry X Xy ~IgECsp o, ™" —12ECso can —12ECsg a2
1 CH, -(CH,),- H 228 2269 229
2 CH, -(CH,),- H 2.12 2.104 201
3% CH, -(CH,),- H 191 1788 203
4 CH, -(CH,); - H 181 1722 1.83
5 CH, -(CH,),- NO, H 212 2086 2.13
6 CH(CH,), -(CH,),- NO, H 178 1.881 167
7 CH(CH,), -(CH, );- NO, H 181 1879 1.72
8 CH(CH,), -(CH, );- NO, H 145 1341 137
9 CH(CH,), -(CH, ), - NO, H 105 0981 1.02

10* CH, -(CH, ),- Br H 1.89 2.029 177
11 CH, -(CH, );- Br H 1.76 1.864 143
12 CH, -(CH,),- Br H 160 1549 138
13 CH, ~(CH,)s~ Br H 131 1480 131
14 CH, -(CH,),- cl H 196 2074 195
15 CH, -(CH, );- cl H 192 1905 171
16 CH(CH;), -(CH, ),- Cl H 1.86 1.868 1.90

17* (CH,),CH,4 -(CH,),- cl H 170 1920 195
18 CH(CH,), «(CH,),- Cl H 151 1379 139
19 CH(CH;), ~(CH,)s~ Cl H 132 1319 125
20 CH(CH,), -(CH, ),- cl H 0.90 0957 1.18
21 CH(CH,), -(CH,),- CH, H 196 1755 198
2 CH(CH,), -(CH,), - CH, H 146 1558 167

23* CH, -(CH,),- CH, H 222 1950 202
24 CH, CH, -(CH, ),- CH, H 192 1841 201
25 CH, CH, -(CH, ),- CH, H 168 1661 1.73
26 CH(CH,), -(CH,), - CH, H 122 1209 134
27 CH(CH,), -(CH,); - CH, H 1.09 1.193 126
28 CH, -(CH,); - CH, H 140 1398 146
29 CH, H H H H 129 1291 155
30 CH(CH,), H H H H 128 1264 1.10
31 CH, H H NO, cl 044 0470 082
32 CH(CH,), H H NO, cl 113 1206 094
33 CH, H H H NO, 149 1487 149

34% CH(CH,), H H H NO, 131 1314 126
35 CH, H H cl NO, 135 1281 1.18

36% CH, H H H H 1479

37% CH, CH; H H H 2007

38% CH, CH, CH, H H 2.126

39% CH, CH, CH, H H H 2134

40% CH, CH,CH, CH, H H 2.087

41%* CH, CH,CH,  CH,CH, H H 1871
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Fig. 2 3D view of all the aligned molecules in the training set (a) and test set (b)

2 253 (Results)
2.1 YIZ4E 3D-QSAR HAY

YIZREEN) CoMFA #EH [ AH S 50N F ; 5K
G 3 00 5T Bk 43 501 5 30.0% Fl 70.0% , AH LY
Q }0.665, TEImMFRAECH 4 LT, @7k
XK E ) 3D-QSAR AR A () R Ah A vfE 1R 22
(S,)4351 0.960 0.089 , Fisher K I (F)=148 312,
2.2 Y24 3D-QSAR FEAY [ i A 56

(BT 2578 L (& 00 A A2 B0 s, =
30/4=75,>5, Won IR A Ge it 5 S BEPLIER, B
AR IEAR TR 2)R =0.960,>0.8, T K471
PIAPER ) R SRR R Bl 5 22 Lo 491, R ik, 2 A 7
H B S M R R S R R IR AT A v RO A s
96.0% K2 AU A 4.0% & TRAHZ Q)R =
0.665,>0.5 , 1L B KL e 6 70 00 o At 12 (4) 12 A AR
Fisher #5530 H (9 i 5 (A F o5 (4,30) =2.69, L /N T
148312, Ut HIiZ B AL Y B A2 6 5 P AR 1 ¢ R AR %
CIETEN

1 A0 A E (-1gEC,, . ) -5 AH N SE 56 E
(—1GECsy o, VBUF W& | Ul A #G 2 B RL B A R4 1Y

W ANERTUINBE 7, SCHR[23 1R %5 B3z ok 7 571
BTSSP A S i 2 T ]
B3 BT A B 2 DG TR Ak BE MR Y DO T R A A . N=
35 R°=0.846 R’ =0.783 .S, =0.170 . F=40.98 , {5
R BAF AR S SRR M HO R E R 1
—1gECy) wp o & T R FEFE A, HE 37 CoMFA #%#l .
ONC=4 N=35 R =0.950 R, =0.700 .S, =0.096,
F =143.894 , 5/ LU SCHRTE 47 (9 AH DG P B filt Pk 5 1t
MEEST, ZF AT T 1 =4E 28 i e
R LS R RS BRIE IR FR IR AT AE ) 0 5 RO R R
HRPRER AR ELAE ], AR Y 45 3 T e e A 5 1
SRARXNT I R AR AR H B2, A IR I 2R AR AR A B
AAFFAEREHUAE G, BA G E X,
2.3 CoMFA Il =23 iy

DI 53+ 1 S5 )8 CoMFA 37 {437 Fl i B
Y =455 0E 1B 3 (a) S I PR TN SR AL A H R K
DX, 7R 7 I IX g 56 AT A B 2 A0 1k
PR, AR R B T 56 PR REE PR O A PR B X
ROCH A MERE R UGB, kA1 ~4 10 ~
13 4%, FESEIT TR LAY H A0 AT B oA 40 IX 38, It

®.
@3

(®)

3 AFEIRSF 1§ CoMFA k35 (a) 55EIE (b) WERE
Fig. 3 Contour maps of CoMFA steric field (a) and electrostatic field (b) with compound 1 as the template molecule
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AB | AFERARFRIL A, GE0E 1 50 X &G B 1) S vk 7
Pl 31(H 3 32 (5 P8 38 ) A AR RELLE 386 K, 4 g
KOCH I AVEREYEN 044 113 76398

& 3(b)H T AN S Ab Bed R ar (I ek, %
INTEBLIX G A B f PR A S s g e, UL, i
A RERT JE BRIREE PRI PRBESE  HAEE MR
F A IE PR O T I X, BB &
SRR GR I, A1 ~4 10 ~13 45,
ERE T TR FE A% B A A B KO X8R, e Ab 51 A
IE PRSP | RRASIE SR X A OGRS kR E, a0 14
5 R 3R I R SR IR A A 8 X, T 16
SRS 17 S IE T R G R SR T X
S, O & TR Y S R DS, KRN 1,96,
1.86.1.70,

YIZREE ) CoMFA BRI 25 (S R S Al 3
XF-1gEC,, BITTHRAT M 70.0% F130.0% , &L AE
B 55 T ARVE A PR, R A0E PR R g 37 AE 9 X
KIS PEREE MR ORI F BRI Y 23 (8]
HrBH  GERR KM H ORI 5 R R IR N
WU Ty 2 B e
2.4 SrFuEt

QSAR WF5E H 1 2 — AR BT g A A v i3 5 1Y
S AR )T R I B A M S B AT o iR,
2.3 SyHTRIAL AR 1 SN R At R b f
(I AEZERE . R, 7F LR 1 R P B o 3 |
O VLR ol I -2 H.F .C1,OH \NH, \NO,,
BT T 22 8401, BB I 45 () - 1gEC, T A #1
INT 1B, HhEE 36 ~41 543 FHY-1gEC,,
EEE AR F WA 1,

3 1312 ( Discussion)

FHI SYBYL-X2.1.1 43 FALANERA A 52 A0 5k
RIRERTT AP LR 1) 2B I 4R 4E S, 1Y
CoMFA 5. N = 4, Q" = 0.665, R" = 0.960, F=
148312, i 7~ AR 4 1Y AH OGP | A 1 5 #0001 fig
P CoMFA 5 (1) = 4 55 $4 K] J Tk 28 ] 11, 52 1)
ARINFE IR R ER AT AE W OGRStk st 2 /EH
J7 2 WU (4 2 8] 6 B i K P, HEROE T
[HSEAAEN ., BT BA X LOLE 2
P 5 1) e AR 25 A, BRI FE T 0T LB AR 43
TR T,

BEEEEN . BKE1954—), 8,5+ Hi&, T E2HAH

wA M RHEK F
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