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Table 1  Molecular structures, experimental and predicted plCs, values

plCs,/ 2D-QSAR CoMFA CoMSIA
Compounds R, R, -1

(mmol - L™") Pred, Pred, Pred,
1 Phenyl Phenyl 6. 199 5. 480 5.560 5.603
2 Phenyl 3-Cyanophenyl 5.721 6.297 6. 087 5.777
3 Phenyl 4-Cyanophenyl 4.370 4.508 4.461 4. 469
4 Phenyl 4-( Trifluoromethyl ) phenyl 3.839 4.499 3.374 3.948
5 Phenyl 3-Nitrophenyl 5.565 5.401 5.534 5.301
6" Phenyl 4-Nitrophenyl 4.533 5.049 4.785 4.938
7 Phenyl 3-Methoxyphenyl 5.214 5.618 5.188 5.479
8 Phenyl 4-Methoxyphenyl 4.738 4. 847 4.870 4.722
9 Phenyl 2-Fluorophenyl 6. 807 6. 190 6. 541 6.492
10 Phenyl 3-Fluorophenyl 6. 633 6.355 6.424 6. 456
11" Phenyl 4-Fluorophenyl 6. 662 5. 861 6.076 5.774
12 Phenyl 3-Chlorophenyl 6. 345 6.368 6. 084 6. 136
13 Phenyl 4-Chlorophenyl 4.876 4.739 4.833 5. 058
14" Phenyl 3-Bromophenyl 6.257 5.765 5.991 5.982
15 Phenyl 4-Bromophenyl 4. 460 4.127 4.674 4. 695
16 Phenyl 2 ,4-Difluorophenyl 6.790 6.598 6.387 6.519
17 Phenyl 2,5-Difluorophenyl 5.788 6. 650 6.274 6. 341
18" Phenyl 2 ,6-Difluorophenyl 5.914 4.713 6. 200 6.211
19 Phenyl 3 ,4-Difluorophenyl 6. 839 6. 096 6.331 6.398
20 Phenyl 3 ,5-Difluorophenyl 5.790 6.352 6.227 6.373
21" Phenyl 2,4 ,5-Trifluorophenyl 5.672 5.709 5. 850 6. 490
22 Phenyl 2-Furanyl 5.597 5. 806 5.577 5.373
23 Phenyl 2-Thiophenyl 5.790 6. 463 5.741 5.621
24 Phenyl 2-Pyridyl 5. 440 5.352 5.622 5. 867
25" Phenyl 3-Pyridyl 5.333 5.642 5.878 5.732
26 Phenyl 4-Pyridyl 4.987 4.732 5. 689 5.417
27 3-Cyanophenyl Phenyl 6.767 6. 289 7.079 6.678
28" 4-Cyanophenyl Phenyl 4.391 4. 581 4. 069 4. 683
29 3-Nitrophenyl Phenyl 6. 824 6. 678 6.773 6.913
30 2-Fluorophenyl Phenyl 6.337 6.823 6.272 6. 628
31" 3-Fluorophenyl Phenyl 6.417 6. 490 6. 445 6.204
32 4-Fluorophenyl Phenyl 5. 848 6. 054 5.969 5. 467
33 2-Chlorophenyl Phenyl 6.316 5.550 6.284 6. 631
34 3-Chlorophenyl Phenyl 5. 824 6.270 6.299 5. 898
35 4-Chlorophenyl Phenyl 4.462 4.391 4.692 4.474
36 2-Pyrrolyl Phenyl 5.697 6. 164 5.912 5.697
37" 2-Furanyl Phenyl 6.317 5. 887 6. 134 6.338
38 2-Thiophenyl Phenyl 6.593 6. 245 6. 003 6.5%4
39 3-Thiophenyl Phenyl 6.721 6. 480 6.550 6. 544
40" 3-Pyridyl Phenyl 5.799 6. 636 5.327 5. 841
41 4-Pyridyl Phenyl 4.783 4.905 5.522 6.313
42" Cyclopentyl Phenyl 6.572 8.977 7.310 6. 941
43" Cyclohexyl Phenyl 6. 785 7.133 6.367 6.384
44 N-Pyrrolidinyl Phenyl 6.903 6. 954 6. 866 6.711
45" N-Pyrrolyl Phenyl 5.759 6.611 6.248 5.770
46 N-Piperidinyl Phenyl 7. 690 7.485 7.586 7. 604
47 N-Morpholinyl Phenyl 6.292 6. 133 6.367 6.26
48 N-Azepanyl Phenyl 7.287 7.194 7.658 7.337
49 tert-Butylamino Phenyl 5.738 5.674 5. 856 5.816
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plCsy/ 2D-QSAR CoMFA CoMSIA
Compounds R, R, .

(mmol - L") Pred, Pred, Pred,

50 Benzylamino Phenyl 4.045 3.896 4.107 4.187
51 Cyclohexylamino Phenyl 4.996 5.022 5. 035 4.984
52 Phenylamino Phenyl 3.510 3.795 3.264 3.322
53 Phenoxy Phenyl 4.209 4.296 4.331 4.136
54" Phenyl Phenyl 4. 120 5.883 6.201 5.235
55 4-Methylphenyl Phenyl 4.277 4.818 4.568 4. 405
56 3-Cyanophenyl 2-Fluorophenyl 6. 406 6. 655 6. 648 6.778
57 3-Cyanophenyl 3-Fluorophenyl 6. 983 6.976 6.708 6. 686
58" 3-Cyanophenyl 4-Fluorophenyl 6. 886 5.981 6. 683 6. 745
59 3-Nitrophenyl 2-Fluorophenyl 6. 876 6. 981 6.775 6.611
60 3-Nitrophenyl 3-Fluorophenyl 6. 889 7.051 6. 637 7.229
61 3-Nitrophenyl 4-Fluorophenyl 6. 833 6.557 6. 681 6. 940
62 3-Fluorophenyl 3-Fluorophenyl 6. 488 6. 670 6.423 6.618
63 3-Fluorophenyl 4-Fluorophenyl 6. 469 6.322 6.369 6. 109
64 2-Thiophenyl 2-Fluorophenyl 6.752 6.371 6. 876 6. 706
65" 2-Thiophenyl 3-Fluorophenyl 6. 827 6.908 6.313 6.982
66" 2-Thiophenyl 4-Fluorophenyl 6.752 6.276 5. 862 6. 550
67 n-Pyrrolidinyl 2-Fluorophenyl 7.305 7.033 7.125 7.123
68" n-Pyrrolidinyl 3-Fluorophenyl 7.287 7.531 7.117 7.279
69 n-Pyrrolidinyl 4-Fluorophenyl 6. 500 6. 609 6. 588 6. 649
70 n-Piperidinyl 3-Fluorophenyl 8. 046 8. 066 7.954 7.909
71" n-piperidinyl 4-Fluorophenyl 7.921 6. 966 7.575 7.553
72 n-Piperidinyl 2 ,4-Difluorophenyl 8. 004 7.690 7. 880 8. 055
73 n-Piperidinyl 3 ,4-Difluorophenyl 8.013 8.034 8. 180 8.251
74 Phenyl 3-Fluorophenyl 6. 697 6. 586 6.222 6.488
75 Phenyl 4-Fluorophenyl 6.783 6. 661 6. 191 6. 356
76" Phenyl 4-Chlorophenyl 4.943 5.246 5.297 5.341
77 2-Fluorophenyl Phenyl 6.271 6. 504 6. 340 6.233
78 3-Fluorophenyl Phenyl 6.074 6. 089 6.352 6.244
79 2-Chlorophenyl Phenyl 5.818 5.492 6.264 5.998
80 3-Chlorophenyl Phenyl 6.192 6. 469 5.761 5. 946
81 4-Chlorophenyl Phenyl 4.514 4.855 4.971 4.682
82 2-Thiophenyl Phenyl 6. 652 6. 876 6. 844 6. 846
83 Cyclohexyl Phenyl 6.717 7.056 6.671 6.621
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Fig.2 Changes in ¢° and RMSEV with the number of variables
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E 3 1% 2D-QSAR, CoMFA, CoMSIA g {E 5T{EMHE X E
Fig. 3 Correlation diagrams of experimental value and predicted value for model 2D — QSAR, CoMFA, CoMSIA
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I AL 3600 1 e KD A5HH 56 R AR () R K 58 SR
IS R EL (g, ) FRIL I8 /N T HATARY, 1 B0y
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KT 1, it B R Y 18 2% , y B LA A 36
25 UL T e o e A A Yy 7 JF AR AR B R
.

# 2 10000 Y& y-randomization #3645 R

Table 2 Results of y-randomization validation after 10 000 times

2 2

projects q r RMSE RMSEV
Real model 0.8574  0.8892  0.3968  0.349 8
y-rand g,,, 0.2235  0.3704  0.7847  0.871 4
y-rand 7%, 0.2235  0.3704  0.7847  0.871 4
yrand,,. 01333 0.0899  1.0778  1.2027
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Fig. 4 Williams figure for 2D — QSAR model
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Table 3 Meanings of the descriptors and the standard regression coefficients in 2D — QSAR
IR ik [EES NGATIEES
BIC4 PSR S SN RE N S, SRS E 0.369 2
GATS4i FL g R AN A G 2D £ [ G -0.6114
SpMin2_Bh(s) JoHE AR S A AL Burden JHE{E AT 0.402 1
P_VSA_e_3 JRF RAERR AL S E P_VSA - like J5{ T RFAEF R 4F -0.236 2
RDF100s o FE AR 1A R AR RDF $i iR 75 -0.477 6
CATS2D_06_DL (WL S CATS 2D ik fF -0.530 6

TPt E R T ARG M iR, REH
PR/ — ¢ 1 (partial least square, PLS) '™ %7,
CoMFA 51, #ERILEH T 62. 8% [ T AK TRk R
M 37.2% W g vimk R, HEi w2808 &
SUEEASE R R ¢° R 0. 516 (PR LT LATA A B R 2
ABGFHBIIGES)) , RAEERSEN N T, A
WA IS R B O 0.924, bRl fi 2 SEE Ky
0.310, Giitdt F{EH 93.349, ZHEIXHEAFEA
LR TIME WL 1 Y Pred,

K H] CoMSIA JriE R TRy . #i .
kY. SR ARG 0 S B

WFF, HHEFARNGWNRRGELT 7 4E
A1) CoMSIA LAY, B G2 808 T3 4,
B TR Y BRI A K S B R M,
AR M B B (28 & R, BERIG T
51.2% ST AR Uik 2. 15, 7% B ST A% 5T ik R
F133. 0% [ F L 3 DTRR A, TR B B A FEAR 4
P FIE ILZR 1 H ) Pred,

2.2.2 CoMSIA A sy = % 5 XA & Sa M7
RHEHRE, 1A KK C, . Cy 1 C A Cy HYJH
A B e X e, Ut B A e X3 s | A /MR B ) 356 (A
AR T3 S AL G W HAT 30 ) 35 P . oS54k &

x4 5FANFHAEEAEH CoMSIA R Gt SH

Table 4  Statistic results of CoMSIA with different combinations of 5 fields

Model Field q r SEE F N
M, 0. 057A/0. 046D/0. 480H/0. 1325/0. 284E 0.534 0. 942 0.274 106. 848 8
M, 0. 043D/0. 490H/0. 1515/0. 316E 0.528 0. 944 0.269 110.912 8
M, 0. 059A/0. 505H/0. 1395/0. 297E 0.523 0. 942 0.272 108. 355 8
M, 0. 098D/0. 077A/0. 3195/0. 506 E 0.517 0. 845 0. 437 50. 116 6
M, 0. 053D/0. 066A/0. 559H/0. 322E 0.511 0.938 0. 281 100. 667 8
M, 0. 057D/0. 111A/0. 647H/0. 1858 0.416 0.922 0.316 78. 692 8
M, 0. 512H/0. 1575/0. 330E 0. 531 0. 944 0.267 112. 425 8

T A—F R D— R R H—8ik 5 s S— 2 (8 E— i

5 srffiz(a) FrEI7(b) fikiz(c) WERE
Fig. 5 3D contour plot from CoMSIA analysis in steric(a) , electrostatic(b)and hydrophobic(c) field
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QSAR study on novel HAT inhibitors of amide and
urea derivatives of thiazol-2-ethylamines

DUAN Jia-xi, ZHAO Sai, YI Zhong-sheng, NIE Jin-fang
(a. College of Chemistry and Bioengineering; b. Guangxi College and Universy Key Laboratory of Food Safety and Detec-
tion; c. Collaborative Innovation Center for Water Pollution Control and Water Safety in Karst Area, Guilin University of
Technology, Guilin 541004, China)

Abstract;: 2D-QSAR models are developed to predict the activity against trypanosoma brucei rhodesiense of am-
ide and urea derivatives of thiazol-2-ethylamines. The VSMVI (variable selection method based on variable in-
teraction ) technique is used to select optimal subset from large-size molecular descriptors. Multiple linear re-
gression (MLR) method is employed to construct the QSAR models. The correlation coefficient of leave-one-out
cross validation (¢ =0.857 4) and fitting correlation coefficient of models (> =0. 889 2) show that the model
is robust and has good fitting and prediction for selecting bioactivities. The descriptor of the 2D-QSAR model re-
flects, to some extent, that the two-dimensional structure and hydrophobicity of the molecules play an important
role on the inhibitory activity. Simultaneously, the models of three-dimensional quantitative structure-activity re-
lationship (3D-QSAR) based on CoMFA and CoMSIA show a significant correlation and strong predictive ability
(CoMFA: » =0.924, ¢° =0.516. CoMSIA: 1> =0.944, ¢° =0.531). The highest contribution rate of CoM-
SIA hydrophobic field indicates that the hydrophobic interaction of molecules has an important effect on the in-
hibitory activity.

Key words: amide and urea derivatives of thiazol-2-ethylamines; VSMVI; HAT; 2D-QSAR; CoMFA ; CoMSIA





