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Relationship between anticancer activity and molecular structure
of paclitaxel analogues

CHEN Yan, DU Xi-hua
School of Chemistry and Chemical Engineering, Xuzhou Institute of Technology, Xuzhou 221008, China

Abstract: Objective To develop a new generation of anticancer drugs of paclitaxel, the quantitative structure-anticancer activity
(PID,) relationship (QSAR) of paclitaxel analogues was studied. Methods Based on the electrotopological state index and
electronegativity distance vector, the QSAR model was developed by Leaps-Bounds regression (best subset, LBR), and was validated
using cross and external-validation. PID,, values of ten external validation were predicted by the QSAR model built from the training
set with 43 paclitaxel analogues. Results The model had higher calibrated correlation coefficient and LOO (leave-one-out) validated
correlation coefficient. Conclusion The model has estimated ability and good stability, and the training set model has good predictive
ability.
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Fig. 1 Main structure of paclitaxel analogues 1—51
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Fig. 2 Main structure of paclitaxel analogues 52 and 53
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Table 1 Results of PID, and e;, m; with Leaps-Bounds regression

Fe R R’ 0 0’ S F FIT A hE
1 0.627  0.393 0.578 0.335 0.466 33.003 0.547 ers
2 0.725 0.526  0.673 0.453 0.416 27.692 0.973 ers, €16
3 0.759 0576  0.710  0.504  0.398 22.171 1.074 ers, €16, Mg
4 0.790  0.624  0.743 0.552  0.378 19.928 1.154 e1s, €16, Mg, €13
5 0.827  0.683 0.785 0.616  0.351 20.300 1.298 e1s, €16, Mg, €13, €14
6 0902  0.813 0.869  0.755 0.272 33.339 2.247 e1s, €16, Mg, €13, €14, Mgy
7 0912 0.832 0.880 0.774  0.261 31914 2.185 e1s, €16, Mg, €13, €14, Mgy, M3g
8 0918 0.843 0.881 0.776  0.255 29.674 2.019 e1s, €16, Mg, €13, €14, Mg, M3g, M77
9 0.922 0.850 0.881 0.776 0.253 27.010 1.818 els, €16, M3, €13, €14, Mgn, M3g, M77, M5
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Table 2 Structures and activities of paclitaxel analogues

FAY) R, R, R; R4 PIDq PIDcany PIDcap
1 Ph NHBz H Ac 0.00 -0.33
2 Ph H H H -0.65 -1.17
3 Ph NHBz H H -0.11 -0.07
4 Ph NHCO,-£-Bu H H 0.30 0.25
5 Ph NHCO,-£-Bu H Ac 0.30 -0.09
6" 4-OHPh NHBz H Ac 0.10 -0.04 0.00
7 3,4-Clp-phenyl NHBz H Ac —0.85 —-0.37
8 Ph NHBz H Ac -1.48 -1.48
9 Ph NHBz H H -1.48 -1.08
10° Ph NHCO,-£-Bu H H -1.00 -1.18 -1.34
11 Ph NHCO,-n-Bu H Ac 0.10 -0.10
12 Ph NHCOCOCH, H Ac -0.54 -0.81
13 Ph NHCO-£-Bu H Ac -0.42 -0.36
14° Ph NHCOCH,-£-Bu H Ac 0.16 -0.34 -0.37
15 -Bu NHBu H H -0.25 -0.10
16 -Bu NHCO,-£-Bu H H 0.42 0.20
17 i-PrCH, NHCO,-£-Bu H H 0.11 0.20
18 -BuCH, NHCO,-£-Bu H H -0.16 0.22
19 PhCH=CH NHCO,-£-Bu H H -0.16 0.24
20° (CH,),C=CH NHCO,-£-Bu H H 0.19 0.20 0.17
21 -Bu NHCO-c-C;Hg H H 0.02 -0.10
22 -Bu NHCO-c-C,Hg H H 0.17 -0.08
23 -Bu NHCO-c-C5Hj H H -0.18 -0.06
24 Ph TsNH H H -0.70 -0.52
25" Ph 2-sulfoBzNH H H -0.74 -0.45 -0.24
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eIV R, R, R; R4 PID, PIDcay PIDcqp
26 4-CIPh NHBz H Ac -0.38 —0.34
27 3-CIPh NHBz H Ac —0.64 —0.35
28 4-FPh NHBz H Ac —0.04 —0.39
29" 4-MePh NHBz H Ac -0.38 —0.32 —0.34
30 4-MeOPh NHBz H Ac 0.10 0.23
31 2-Furyl NHBz H Ac 0.05 —0.25
32° 3-Furyl NHB:z H Ac 0.05 -0.05 -0.08
33 2-Pyridyl NHBz H Ac 0.16 0.15
34 3-Pyridyl NHBz H Ac 0.30 031
35 4-Pyridyl NHBz H Ac 0.40 0.30
36 Ph 4-CIBzNH H Ac -0.38 —0.34
37 Ph 2,4-CL,BZNH H Ac -0.32 —0.38
38" Ph 3-CIBzNH H Ac -0.30 —0.35 -0.37
39 Ph 4-MeBZzNH H Ac -0.20 —0.32
40 Ph 2-MeBzNH H Ac —0.28 —0.32
41 Ph 4-FBzNH H Ac —0.08 —0.39
42 Ph 4-NO,-BzNH H Ac -0.30 —0.34
43 Ph 2-FuroyNH H Ac 0.10 0.48
44" Ph NH-CO-4-MeOPh H Ac 0.30 0.29 0.28
45 Ph GluNH H H 0.00 —0.14
46 Ph NH, H Ac -1.64 ~1.44
47 4-NMe,Ph NHBz H Ac —0.66 —0.31
48 Ph 4-CF;BzNH H Ac -0.78 —0.45
49 Ph OH H H —0.48 —0.85
50 CH; OH H Ac -1.78 ~1.18
51 Ph H H H -1.23 -1.17
52" Ph — - H -1.36 -1.49 -1.59
53 CH; - - Ac -2.00 -1.78
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Fig. 4

Correlation between PID,  observed values

and calculated values of paclitaxel analogues
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Table 3 Self-correlation matrix and VIF values described in model 6
A €3 €14 €16 eg mig mgy R VIF
e 1 0.491 1.965
els 0.632 1 0.736 3.788
el 0.358 0.464 1 0.545 2.198
ers 0.091 0.349 0.658 1 0.500 2.000
mg 0.209 0.117 0.272 0.249 1 0.129 1.148
mg, 0.607 0.827 0.448 0.266 0.064 1 0.709 3.436
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n=43, R=0.901, R*=0.813, F=26.016, S=0.282.
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