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Am We investigated a series of Taxol@ (1. p&axe]) analogues using a 3-D QSAR approach (CoMFA). published and 
~blisheddataformorethan50awnpoundshavebeenincludedintheanalysisand~modelhasbeenusedtoprediame 
activity of other analogues. The model accurately describes known SARs and also has good predictive power. 

As a guide to the design of new and more potent analogues of the anticancer drug 1, a 3-D QSAR model 

(CoMFA2) was developed using a training set of 49 analogues of 1 and the biological activities for binding to 

microtubules. Further, the biological activities of an additional 47 analogues were predicted from the model. See 

Figure 1 and lhble 1. Structures and activity data3 were taken from a review4 and from unpublished resu1t.s~ by 

Georg and coworkers. 

Comparative Molecular Field Analysis (CoMFA). 

Analogues with a variety of different substituents at C-7, C- 10, and C- 13 were included in this investigation. Struc- 

tums used in the CoMFA analysis were constructed with the SYBYLesoftware package based on the energy minimized 

structure of Taxotere@ (39, docetaxel) taken from the Cambridge Crystallographic Database.7 Each starting structum 

was then energy minimized using the MAXIMIN force Iield with Gasteiger-Hilckel charges (termination: gradient 

0.05 kcal/mol). Finally the atomic charges of all compounds were calculated with the AM1 method.* The minimum 

energy structures of all compounds were aligned by least-squares fitting of carbon atoms l-15.20, and oxygen atom 5 

of the ditetpene skeleton of each structure to the same 17 atoms of 39 using the FlT option of SYBYL. 

The aligned structures of all compounds were then submitted to the CoMFA approach. First all superimposed 

molecules were placed in a three dimensional box containing a grid with a spacing of 2 A. This region extended 

the shape of each molecule by at least 4 A. Then the steric (van der Waals) and electrostatic (coulombic) 

interaction energies were sampled using an sp3 hybridized carbon (charged +l) as a probe atom at each 

intersection point of the three dimensional lattice. 

To evaluate the optimal number of components and the predictive power of the resulting model an initial 

partial least squares (PLS) run with cross validation was calculated with ten components using both CoMFA 

fields. Any grid point for which the standard deviation of the energies was less than 2.0 k&/mole was discarded 

to decrease the background noise and the number of CoMFA columns. Once the optimal number of components 

was determined by examination of the standard error, a second PLS run with no validation was calculated to yield 

the final model. The statistical results are shown in Table 2. 

Results. 

The results of the non-validated PLS runs were examined graphically (see Figures 2 and 3 for 

model b6; the structure of docetaxel is used with no protons on the skeleton for clarity) and by prediction of 

the activity of compounds not included in the training set [See Table 3; the table also includes predicted 

results for three other models (wb4, e4, s4) not discussed in this paper.9]. The resulting maps of the 
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electrostatic and the steric field of model b69 demonstrate, that in this data set, substituting the hydroxy functions 

at C-7 or C-10 has only a minor influence on the activity of the compounds in the microtubule assay. Most 

interactions lake place around the phenyl isoscrine side chain. Here, one important site is the 2’-hydroxy moiety, 

where, after esterification, a negative steric interaction was found by the CoMFA approach to give less active 

compounds like the 2’-acelylated analogues (67.68) or the analogues where the 2’-hydroxy and 3’-amide functions 

have been interchanged (32.34.3536). Literature data to showed that Rj’=Ph is better than smaller (e.g., H); the 

CoMFAresults indicate that further substitution on the Ph at R3’ is detrimental (for stcric reasons) with the exception of 

4-MeO-Ph and 4-HO-Ph (24, 25). Substitution at position R3” is optimal for r-BOC-NH (39). For the subset of 

R3”=4-X-BzNH, the potency order increases as Hansch ax and on decrease [54(X=CF3), 47(X=CI), Sl(X=Me), 

l(X=H), 55(X=MeO)j. [See also the predicted values for 43 (X=NO2). 45 (X=F) and 64 (X=NJ) in ‘lhble 31. 

Discussion. 

The information extractable from the steric and electrostatic maps of the CoMFA model b69 is in good agrWnenl 

with the results of reported structure activity relationships (SARs) (for a review of SARs see reference 4 and references 

cited therein) and may be useful as a graphical summary of the SARs reported lo date. A disadvantage of the used data 

set is the small range in the variation of the structural properties of the pacIitaxel(1) analogues (all include the oxetane 

ring and Cacetyl and 2benzoyl moieties), for which microtubule binding data were available. 

The region of unfavorable sleric interaction around the 2’-hydroxy group might actually represent a hydrogen 

bond interaction as reported by Kant and coworkers*t or might at least incorporate that information to some 

extent. The predicted activity of 2’-deoxypaclitaxcl (90) was about ten times too small compared to the actual 

value (actual ratio: 21.2).‘2 A hydrogen bond interaction could also explain the higher activity of the compounds 

where hydroxy and amide functions have bcen interchanged. Compared to 2-acetylpaclitaxel (67) those more 

bulky compounds (32, 34, 35, 36) retain an amide proton, which might act as a hydrogen bond donor. The 

significant difference in the binding affinity of 2’-deoxypaclitaxel (90) and 2’-deoxydocetaxel (87) (actual 

ratio: 2.3) might be due to an intramolecular hydrogen bond *o that is necessary to stabilize the side chain of 

paclitaxel (1). but not of the more bulky r-BOC group of docetaxel (39). 

The lack of steric or electrostatic interactions around C-7 and the regions around the 3’-phenyl and the 3’-N. 

where bulk is not tolerated, may explain why there are no compounds reported in the literature, that are much more 

active than 1 or 39. Furthermore the very poor activity of the two photoaffinity labeling compounds (10. 11). that 

possess an azidobenzoyl moiety at C-7, underscores that larger groups probably will cause a negative steric interaction. 

Conclusion. 

We generated a 3-D QSAR model which not only has the ability to explain the activity of already known 

compounds but has an excellent predictive power to forecast the biological activity of new compounds within the 

range of the data set. I3 Further improvement of the model should easily be possible by increasing the variety of 

structural properties (e.g. modifications at the 2-benzoyl moiety. the oxetane ring or other parts of the skeleton) in 

the data set and by using a force field which better accounts for hydrogen bonding and hydrophobic interactions. 
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Mgure 1. Structure of the paclitaxel analogues used. 

‘liable 1. Structures used for calculating the CoMFA model (training set of 50 compounds). 
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‘able 2. Statistics for the CoMFA approach for the compounds of Table 1. 

, #ofcv #of standard 
modela groupsb c0mp.C r2 error F value bootstrapping (n= 100): 

50 
: 

0.842 0.317 38.2 r2 0.97 1 f 0.009 
b6 0 0.957 0.164 161.4 standard error 0.133 + 0.070 

50 
wb4 0 t 

0.853 0.298 65.5 r2 0.967 + 0.009 
0.958 0.159 259.5 standard error 0.139 f 0.069 

50 4 0.825 0.326 52.9 r2 0.957 f 0.0 12 
e4 0 4 0.939 0.193 172.8 standard error 0.159 f 0.079 

50 0.814 0.336 49.3 r* 0.950 f 0.015 
s4 0 t 0.936 0.196 165.8 standard error 0.171 f0.086 

%cdelg calculated using b6: both fields (default), wb4: both fields (with electrostatics at sterically bad points), e 
electrostatic field (default), ~4: steric field (default). bnumber of crossvalidation groups. Cnumber of components. 

lkble 3. Predicting the biological activity of compounds using the CoMFAmodel. 
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Ngure 2 (left): Steric contour plot; (right): Steric contour plot, orthographic view. The positive contours are 
shown in green and the negative contours arc shown in magenta. The contours were drawn at a 0.013 levef. 

Figure 3 (Ieft): Electrostatic contour plot; (right): Electrostatic contour plot, orthogmphic view. me positive contours 
are shown in cyan and the negative contours arc shown in orange. The contours were drawn at a 0.013 level. 
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