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ABSTRACT

A Density Functional Theory analysis was performed to find relationships between the electronic structure of a
group of N-3-benzmidazolephenylbisamide derivatives and their antiproliferative activity against MGC803, HT29,
MKNA45 and SW620 cancer cell lines. The geometries were fully optimized at the B3LYP/6-31G(d,p) level. A similar
skeleton for all the molecules, composed by 38 atoms, was used for the analysis. Statistically significant equations
were obtained for the four cell lines. The equivalent 2D pharmacophores were built and some ring-ring interactions
were suggested. The question of knowing if the role of the C-E rings connector is the same for all the cases analyzed
here cannot be fully answered yet. The analysis of the equations and the pharmacophores should offer information
about new probable substitution sites.

INTRODUCTION

In the field of cancer drug design, a crucial eathge element frequently involves the screeningoofipounds in
cell-basedn vitro assays. One of the most common parameters measuteslimpact of a given molecule on the
proliferation of a cancer cell line. Many experirtedrwork was carried out with different molecula;seems ands
cell lines [1-30]. Theoretical work was also penfied [31]. In previous papers we have carried audies relating
electronic structure with antiproliferative activiand cytotoxicity for different series of molecsl§32-36]. We
present here the results of a Density Function&ofi study of the relationships between the elaatfmolecular
structure and the antiproliferative activity on M&3, HT29, MKN45 and SW620 cancer cell lines bymify of
recently synthesizelll-3-benzimidazolephenylbisamide derivatives [5] Wapext that these results will provide
new information for an improved understanding & dittion mechanism and for the synthesis of newateres.

MATERIALS AND METHODS

The QSAR method

Since the method employed here has been describad/éry exhaustive mode in practically each pagehave
published on this topic, we decided to refer thades to the literature [37-44]. Consequently, wallstiscuss below
only the resultant equations. The master equatitking any biological activity with the electrongtructure is the
only member of the class of model-based methodp [#&8ncompasses local atomic reactivity indicesatibing
virtually all possible atom-atom interactions. hetcase ofn vitro ligand-site interactions expressed as equilibrium
constants or Ig values this method produced outstanding resuitshé case of am vivo or in vitro multistep
and/or multimechanistic action mechanism our temiminecessitates that all the steps and all théhaméxms
inside every step be the same for all the groupa&cules under analysis [36]. Very good resultsevabtained for

a diversity of molecules and biological activiti§32-35, 44, 46-69] and references therein). Thigraach is called
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the Klopman-Peradejordi-Gomez method (KPG). Regardie resulting statistical equations, we mustemaimer
that the variation of the numerical values of tbeal atomic reactivity indices (LARIS) appearingide them
explains the variation of the antiproliferativeigity throughout the series. Therefore, any LARIkimg a constant
contribution will not appear explicitly inside treeequations.

Selection of molecules and biological activity
The molecules were selected from a recent studyasndhown in Table 1 and Fig. 1.

Rs
. PR
IS N N Ry
H H
NH R
O
Rs3

Figure 1. General formula of the selectedN-3-benzimidazolephenylbisamide derivatives

Table 1. SelectedN-3-benzimidazolephenylbisamide derivatives

Mol. R, R, R3 R4 Rs
1 H H H S| Me
2 H Cl H S| Me
3 H H Ck| S| Me
4 H | Ck H S | Me
5 F H H S| Me
6 Cl Cl H S| Me
7 H H Me | S| Me
8 H F H S| Me
9 Cl H H S| Me
19 H Cl Cl S| Me
11 Cl H Cl S| Me
12 H H F S| Me
13 H H Ck| S Cl
14 H Cl Cl S Cl
15 Cl H Cl S Cl
16 H H H O | Me
17 H Cl H O] Me
18 H H Ck| O | Me
19 H| Ck H O | Me
20 F H H O| Me
21 Cl Cl H O | Me
22 H H Me| O] Me
23 H F H O| Me
24 Cl H H O | Me
25 H Cl Cl O | Me
26 Cl H Cl O | Me
27 H H F O| Me
28 H H Ckr | O Cl
29 H Cl Cl o] Cl
30 Cl H Cl O Cl

The biological activities studied here are theitro cell growth inhibition of human colorectal (SW6afad HT29)
and human gastric (MGC803 and MKN45) cancer ce#idiby the aforementioned molecules [5]. The di/iare
shown in Table 2.
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Table 2. Biological activities ofN-3-benzimidazolephenylbisamide derivatives

Mol. | log(ICsp) SW620 | log(IGo) | log(ICsp) | log(ICso)
HT29 MGC803 | MKN45
1 1.83 1.46 1.78 1.76
2 - 1.55 1.71 1.64
3 1.86 1.24 0.81 1.01
4 1.19 0.91 0.72 0.78
5 0.81 0.27 0.49 0.38
6 o 1.80 o -
7 1.78 1.15 0.70 1.05
8 — 1.74 — 1.94
9 1.76 1.37 1.65 1.71
10 1.49 0.80 0.81 0.92
11 1.76 1.06 0.54 0.72
12 1.61 0.28 0.45 0.63
13 1.81 1.11 0.73 0.89
14 1.40 0.69 0.71 0.66
15 1.70 0.78 0.48 0.57
16 1.48 1.21 1.60 1.55
17 1.20 1.19 1.32 1.45
18 1.18 0.89 1.17 1.43
19 0.98 0.55 1.12 0.98
20 0.61 -0.12 0.40 0.26
21 1.62 1.69 - 1.94
22 1.42 0.71 - 0.80
23 1.60 1.58 1.65 1.72
24 1.55 0.95 1.29 1.33
25 0.79 0.01 0.78 0.76
26 1.09 0.42 0.44 0.41
27 1.55 -0.01 -0.80 -0.62
28 0.47 -0.23 -0.92 -0.06
29 1.36 0.47 0.59 0.50
30 1.53 -0.14 -1.21 -0.46

Calculation of the electronic structure

We worked with the common skeleton hypothesis raffig that there is a set of atoms, shared withttegl
molecules analyzed, that explains nearly all tledolgical activities. The effect of the substitueistdto modify the
electronic structure of this common skeleton andifluencing the correct placement of the drug. Teenmon
skeleton is presented in Fig. 2, together withatwen numbering used in the resulting statisticabgigns.

12
20 21
13 %
23
L 16)J\18 22 .
s N 17 °NT19
26 29 32
33
37 38 24 o (@) 30
28
35
31
34

Figure 2. Common skeleton numbering

Molecular geometries were fully optimized at theLB®/6-31G(d,p) level of theory with the Gaussiarckege
[70]. From the corrected Mulliken Population Anaysesult we obtained numerical values for all gtatc local
atomic reactivity indices [71, 72]. The D-CENT-QSABftware was used [73]. Since the system of liegaations
cannot be solved because the number of moleculsmédler than the number of unknown coefficientdinaar
multiple regression analysis (LMRA) was carried. dutte Statistica software was used [74].

RESULTS

HT-29 RESULTS
After finding and deleting the outliers we obtairted following equation:
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log(IC,,) = —2.02- 0.88,,+ 0.028), LUMO )* 0.5~ 1.6D,- a

)
-0.01S;' LUMO+ 2)*-0.4},,— 0.008) LUMO+ 1)*

with n=28, R= 0.98, R2= 0.97, adj-R2= 0.92, F(7789.84 (p<0.000001) and a standard error of estimf0.12.
No outliers were detected and no residuals fakidetthe +2 limits. Here,/7,,is the local atomic hardness of atom

14, SI,(LUMO)* is the nucleophilic superdelocalizabity of the éstvvacant MO localized on atom 385 is
the total atomic electrophilic superdelocalizapiliof atom 35, Q,, is the net charge of atom 32,
Sf' (LUMO + 2)*is the nucleophilic superdelocalizability of therthlowest vacant MO localized on atom 4,

L, is the local atomic electronic chemical potentiélatom 19 andS) (LUMO+1)* is the nucleophilic

superdelocalizability of the second lowest vaca@ Mcalized on atom 1. Table 3 shows the beta miefits and

the results of the t-test for significance of caxéits of Eq. 1. Table 4 displays the squaredetation coefficients
for the variables appearing in Eq. 1, showing thate are no significant internal correlations.. Bglisplays the
plot of observedss. calculated log (Ig) values. The associated statistical parametefsqofl indicate that this
equation is statistically significant and that treiation of the numerical value of a group of sevwecal atomic

reactivity indices of atoms of the common skeletaplains about 92% of the variation of fimevitro cell growth

inhibition of human colorectal HT29 cancer celklin

Table 3. Beta coefficients and-test for significance of the coefficients in Eq. 1

Beta | t(20) p-level
M -0.42| -9.42 | <0.000001
SN(LUMO)* | 020 | 5.18 | <0.00004
S5 053 | -11.36| <0.000001
Qs -0.39| -6.86 | <0.000001
Sy (LUMO+2)* | -031| -6.00| <0.000007
Lo 019| 38| <0.001
SY(LUMO+1)* | -0.17| -348| <0002

Table 4. Squared correlation coefficients for the ariables appearing in Eq. 1

M | SHLUMO)* | S | Q, | S)(LUMO+2)* | 44
SN(LUMO)* | 0.006 1
S 0.008 0.03 1
Qs, 0.02 03 004 1
Sy (LUMO+2)* | 004 0.03 0002 0.05 1
Mo 0.01 0.003 01| 006 0.03 1
S"(LUMO+1)* | oos 0.006 0.00§  0.04 0.3 0.0004
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Figure 3. Observedversus calculated values (Eqg. 1) of log (16). Dashed lines denote the 95% confidence interval

MGC803 RESULTS
After finding and deleting the outliers we foune tlollowing equation:

log(IC,,) =-12.72- 1.08;, + 0.08), LUMO+ 2)* 0.& HOMO- 1

)
+0.04S) LUMO+ 1)*~0.5BE,+ 0.15), (UMO+ 1)% 0.2%5, HOMO- 1)

with n=25, R= 0.98, R2= 0.97, adj-R2= 0.96, F(7778.04 (p<0.000001) and a standard error of estirnfD.16.
No outliers were detected and no residuals falidetthe +& limits. Here, %ES is the total atomic electrophilic

superdelocalizability of atom 3§2'\;(LUMO+ 2)* is the nucleophilic superdelocalizability of therd lowest
vacant MO localized on atom ZQES(HOMO—l)* is the electrophilic superdelocalizability of tlsecond
highest occupied MO localized on atom ﬁg(LUMO +1)* is the nucleophilic superdelocalizability of the
second lowest vacant MO localized on atom %is the total atomic electrophilic superdelocalitiabiof atom
32, SZN3(LUMO +1)* is the nucleophilic superdelocalizability of trecend lowest vacant MO localized on atom

23 and SZE4(HOMO—1)* is the electrophilic superdelocalizability of tsecond highest occupied MO localized

on atom 24. Table 5 shows the beta coefficientsthadesults of the t-test for significance of ¢méfnts of Eq. 2.
Table 6 displays the squared correlation coeffisidar the variables appearing in Eq. 2, showirgg there are no
significant internal correlations. Fig. 4 displahe plot of observeds. calculated log (IG) values. The associated
statistical parameters of Eq. 2 indicate that #usiation is statistically significant and that tveriation of the
numerical value of a group of seven local atomaxcteity indices of atoms of the common skeletoplais about
96% of the variation of thim vitro cell growth inhibition of the human colorectal M&@3 cancer cell line.

Table 5. Beta coefficients and-test for significance of the coefficients in Eq. 2

Beta | t(17) p-level
%'55 .0.73| -15.92| <0.000001

SL(LUMO+2)* | 027 | 6.21| <0.00001
S (HOMO-1)* | 042 | 7.16 | <0.00000]
SE(LUMO+1)* | 021| 386 | <0.001

S5 043 | -9.45| <0.000001
SE(LUMO+1)* | 019 | 314 | <0006
S, (HOMO-1)* | 013 | 275 | <001
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Table 6. Squared correlation coefficients for the ariables appearing in Eq. 2

S5 | SM(LUMO+2)* | Si(HOMO-D)* | Si(LUMO+D* | Sf | situmo+y-
SE(LUMO+2)* | o 1
SL(HOMO-1)* | 0.003 0.04 1
Sh(LUMO+1)* | o006 0.03 0.1 1
S5 0.008 0.0001 0.006 0.06 1
Sy (LUMO+1)* | o.008 0.0004 04 0.10 0.003 1
S, (HOMO-1)* | 0.0004 0.0004 0 0.06 0.0 0.02
2.0
o .o 4
15
s
® [
¢ 10
S Xy
> 2
g °° Yy
5
5 00
(3]
>
[<5]
4 .05 o
o ™ Rt
. ’I,’.
10t
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-15 -1.0 -0.5 0.0 0.5 1.0 15 2.0

Predicted log(ICso) Values
Figure 4. Observedversus calculated values (Eq. 2) of log (16). Dashed lines denote the 95% confidence interval

MKN45 RESULTS

After finding and deleting the outliers we obtaintbd following equation:

log(IC,,) =-6.68- 0.28}; LUMO+ 1)* 0.755,+ 0.08,, LUMO+ 2)¥
+0.24S;, HOMO - 1)*+0.2%;, HOMO - 1)* 0.008}, (UMO+ 1)*  (3)
+0.0008" (UMO+ 2)* 0.25°, HOMO- 1)*

with n=23, R= 0.99, R2= 0.98, adj-R2= 0.98, F(87145.04 (p<0.000001) and a standard error of estimf0.10.
No outliers were detected and no residuals fatidetthe +2 limits. Here, §3(LUMO +1)* is the nucleophilic

superdelocalizability of the second lowest vaca® Mcalized on atom 13%E5 is the total atomic electrophilic
superdelocalizability of atom 3@’\'7(LUMO+ 2)* is the nucleophilic superdelocalizability of tiérd lowest
vacant MO localized on atom 27SZES(HOMO—1)* is the electrophilic superdelocalizability of tlsecond
highest occupied MO localized on atom ZS;(HOMO—l)* is the electrophilic superdelocalizability of the
second highest occupied MO localized on atomSg(LUMO +1)* is the nucleophilic superdelocalizability of
the second lowest vacant MO localized on atom@l'i(LU MO + 2)* is the nucleophilic superdelocalizability of

the third lowest vacant MO localized on atom 11 @'@(HOMO —1)* is the electrophilic superdelocalizability
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of the second highest occupied MO localized on a2amTable 7 shows the beta coefficients and thelte of the
t-test for significance of coefficients of Eq. 3afle 8 displays the squared correlation coeffisidot the variables
appearing in Eq. 3, showing that there are no sogmt internal correlations. Fig. 5 displays tHetpf observedss.
calculated log (IGp) values. The associated statistical parameteExjofl indicate that this equation is statistically
significant and that the variation of the numericalue of a group of eight local atomic reactivitgices of atoms
of the common skeleton explains about 98% of th&atian of thein vitro cell growth inhibition of the human

colorectal MKN45 cancer cell line.

Table 7. Beta coefficients and-test for significance of the coefficients in Eq. 3

Beta t(14) p-level
Sh(LUMO+1)* | -0.56 | -13.92| <0.00000]
S -0.62 | -16.40| <0.000001
SY(LUMO+2)* | 031 | 720 | <0.00000%
S5 (HOMO-1)* | 022 | 516 | <0.0001
S, (HOMO-1)* | 018 | 471 | <0.0003
SN(LUMO+1)* | 0.13| -347| <0.004
S)(LUMO+2)* | 014 | 317 | <0007
S, (HOMO-1)* | 011 | 269 | <002

Table 8. Squared correlation coefficients for the ariables appearing in Eq. 3

Sh(LUMO+1)* %E SHLUMO+2)* | SL(HOMO-1)* | SL(HOMO-1)* | Si(LUMO+1)* | S!(LUMO+2)*
5
%ES 0.29 1.00
SY (LUMO +2)* 0.08 1
S5 (HOMO-1)* 0.07 0.01 1
E —_1\*
Su(HOMO-1) 0.02 0.07 0.07 1
N *
Su(LUMO+) 0.08 0.001 0.08 0.005 1
S (LUMO+2)* 0.004 0.04 0.004 0.04 0.04 1
SE(HOMO-1)* 0.005 0.07 0.3 0.2 0.02 0.005 1
2.2
2.0
1.8
)
1.6 .
0 o'z
g 14 o/
g 12
g 10 ° ¢
S 0.8 %
o 2
8 0.6 ",.
S 04
3
8§ o2
0.0
0.2 )
041 .

Predicted log(ICsp) Values
Figure 5. Observedversus calculated values (Eq. 3) of log (16). Dashed lines denote the 95% confidence interval
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SW620 RESULTS
After detecting and deleting the outliers we fotinel following equation:

log(IC,,) = 2.89- 1.46,,~ 0.08), (UMO )% 0.45.+ 0.Bf,HOMO- 2)* @
~0.37F,, LUMO )*+0.34,, LUMO )*

with n=24, R= 0.97, R2= 0.95, adj-R2= 0.93, F(6:50.85 (p<0.000001) and a standard error of estirnf0.10.
No outliers were detected and no residuals falsidetthe +3 limits. Here, Q,, is the net charge of atom 32,

SY(LUMO)* is the nucleophilic superdelocalizability of thvest vacant MO localized on atom 12, is the
local atomic electronic chemical potential of ated S5, (HOMO —2)*is the electrophilic superdelocalizability
of the third highest occupied MO localized on atbzn F,, (LUMO)* is the Fukui index of the lowest vacant MO

localized on atom 31 anff,,(LUMO) * is the Fukui index of the lowest vacant MO locadizen atom 32. Table 9

shows the beta coefficients and the results of-thst for significance of coefficients of Eq. 4aldle 10 displays the
squared correlation coefficients for the variatdgpearing in Eqg. 4, showing that there are no figmit internal
correlations. Fig. 6 displays the plot of obserwed calculated log (I6) values. The associated statistical
parameters of Eq. 4 indicate that this equatiastasstically significant and that the variationtb&é numerical value
of a group of six local atomic reactivity indice$ atoms of the common skeleton explains about 93%he
variation of than vitro cell growth inhibition of the human colorectal S®06cancer cell line.

Table 9. Beta coefficients and-test for significance of the coefficients in Eq. 4

Beta | t(17) p-level

Qs, -0.58 | -8.91| <0.000001
SY(LUMO)* | -0.46 | -7.49| <0.00000]
sy 028 | 4.42| <0.0004

S5(HOMO-2)* | 020 | 313| <0.006
F;,(LUMO)* 019 | -2.93]  <0.009
F,,(LUMO)* 013 | 2.23 <0.04

Table 10. Squared correlation coefficients for theariables appearing in Eq. 4

Q, | SY(LUMO)* | 14, | S5(HOMO-2)* | F,,(LUMO)*
Sy (LUMO)* | 0.04 1
sy 0.03 0.08 1
S, (HOMO-2)* | 0.03 0.1 0.08 1
F,,(LUMO)* 0.1 0.0009 0.07 0.02 1
F,,(LUMO)* 0.06 0.0064 0.002 0.008 0.02
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Observed log(ICs) Values

Figure 6. Observed versus calculated values (Eq. @) log (ICso). Dashed lines denote the 95% confidence interval
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Tables 11-16 display the local molecular orbitalsture of atoms appearing in Egs. 1-4 [37, 38].

Table 11. Local molecular orbital structure of atons 1, 4 and 11

Mol

Atom 1 (C)

Atom 4 (C)

Atom 11 (C)

1 (129)

12G6127128t-131n136n137n

126t127n128t-131n136r137n

124rt127n128t-1300131n132

2 (137)

134135t1371-139143t144n

134135113 7n-139t143n144n

1351136113 7n-1381139m14 3t

3 (145)

1421431145n-1481151n152¢

142t1431145n-148t151n152

143t144n145n-146n1481151n

4 (145)

142143t1451-1481151n152n

142t14311451-1481151n152n

143t144n145n-146n1481151n

5 (133)

13@131n133r-13511381140t

130r131n133r-13511381140n

131r132t133t-134n1351137n

6 (145)

1421431145n-14811491151n

142t1431145n-148t1491151n

143t144n145n-146n1481151n

7 (133)

13@131n133r-1351140t14 In

130r131n133-1351140n14 1n

131n1321133r-13411351136n

8 (133)

13@131n133r-1351140114 In

130r131n133t-135t140n141n

131r132t133t-134r1351137n

9 (137)

134135t1361-1381139144n

134t1351136m-139t144n1450

133r1351136m-138t139n142n

10 (145)

142143t144r-14 7115311550

142t1431144n-14 71531155t

141n1431144n-146n14 711500

11 (145)

1421431144r-14 711531155t

142t1431144r-14 711531155t

141n1431144r-146n14 711500

12 (133)

13@131n132r-1351140114 21

130r131n132r-1351140n14 20

129131n132r-134r1351136n

13 (149)

14%14811491-150n151n156n

146114 7n148t-151n156r157

146114 7n148t-1500151n153

14 (149)

14614 7n148t-150n151n157r

146114 7n148t-151n157n159%

146114 7n148t-1500151n153t

15 (149)

14%14811491-150n151n156n

146114 7n148t-151n156r158t

144114 7n148t-1500151n154n

16 (125)

128124n125t-126n1271132n

123112411 251-126n127n132n

123112411 25t-126n127n131n

17 (133)

1341321133r-13411351140n

131n1321133r-1351140n14 3t

131n1321133r-1341135113%

18 (141)

138140t141n-143114811500

139140t141n-143t14811500

139140t141n-142n143114 7n

19 (141)

1391401141n-14311481145n

139140114 1n-14311481149%

139140n141n-1421143n14 70

20 (129)

127128t1291-130nr131n136n

1271281129-130r131n136n

1271281129-130t131n135t

21 (141)

139140t141n-14211431145n

139140t141n-143t1491151n

139140t141n-14211431148t

22 (129)

127128t1291-130n131n136n

1271281129-130r131n136n

1271281129-130t13 1135t

23 (129)

127128t1291-130r131n136n

127128t129-131n136r138t

127128t129-130t13 1134t

24 (133)

1341321133r-1341135114 00

131n1321133r-134113511400

131n1321133r-1341135113%

25 (141)

138140t141n-142n143014%

139140t141n-143t149151n

139140t141n-14211431148

26 (141)

139140t141n-144114511450

139140t141n-144r1451149%

139140n141n-1421144n14 70

27 (129)

127128t1291-130r131n136n

1271281129-131n136t137n

1271281129-130t13 1135t

28 (133)

127%1321133r-13411351140n

127t1321133r-134113511400

131n1321133r-134r135113 70

29 (133)

1261321133r-13411351140n

126r1321133-134113511400

131n1321133-134r135113 70

30 (133)

127132t133t-134113511400

127132t133t-13411351140n

131r132t133t-134r1351137n
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Table 12. Local molecular orbital structure of atons 12, 13 and 15

Mol

Atom 12 (C)

Atom 13 (C)

Atom 15 (C)

1 (129)

124127129%-131n1321133t

124rt127n128t-130t131n136n

127128t129-130t13 1132

2 (137)

133135t136n-139141n14 20

1351136113 7n-138t139n144n

1351136113 7n-138t13%141n

3 (145)

14%143t144n-14811491151n

143t144n145n-146n1481152n

143t144n145n-146n1481145

4 (145)

144143t1441-1481150t151n

143t144n145n-146n1481152n

143t144n1451-146n14811500

5 (133)

12%131n132r-1351137n1 38t

126r132t133t-13411351140n

131r132t133t-134r11351137n

6 (145)

14%1431144n-1481150n151n

143t144n145n-146n1481145

143t144n145n-146n1481145

7 (133)

122131n1321-1351136n138t

131n1321133r-134113511400

131n1321133r-134r1351136n

8 (133)

12%131n132r-1351137n1 38t

131r132t133t-13411351140n

131r132t133t-13411351137n

9 (137)

132135t1371-139141n142n

132t1351136m-138t139n144n

1351136113 7n-138113%141n

10 (145)

148141n143t-14 7115001510

1371431144n-146n14 71153t

143t144n145n-146n14 711480

11 (145)

14@141n143r-14 711501510

137t143n144n-146n14 71153t

143t144n145n-14 7114811500

12 (133)

12812%131n-135t136n13 70

125113 1n132r-134113511400

131n1321133-135t136n137n

13 (149)

14614 7n149-151n153t156n

144114 7n148t-1500151n156n

1471481149-151n1521153

14 (149)

1441451146n-151n152n153t

146114 7n148t-150t151n157n

147t1481149-151n1521153t

15 (149)

1441471149-151n154n156n

144114 7n148t-1500151n156n

1471481149-151n1531154

16 (125)

1181231124r-1271131n132n

123t124n125t-126n127n131n

123t124n125t-127n131n132n

17 (133)

13%1327133t-135113%140n

131r132t133t-1341135113%

131r132t133t-13511391140n

18 (141)

138140t141n-143t14 71480

139140t141n-142n143114 7n

139140t141n-143t14 71148

19 (141)

13613%140t-143114 71148t

139140n141n-1421143n14 70

139140t141n-143t147n148t

20 (129)

127128t129-131n135t136n

1271281129-130t131n135t

127128t129-131n1351136n

21 (141)

1391401141n-14311481145n

139140t141n-14211431148t

139140t141n-14311481149%

22 (129)

12212721281-131n135t136n

1271281129-130t131n135t

127128t129-131n1351136n

23 (129)

127#1281129r-131n134n135t

12721281129-130r131n135t

127t1281129-131n134n135t

24 (133)

12#131n132-1351139140n

131n1321133r-1341135113%

131n1321133r-1351139n140n

25 (141)

138140t141n-1431148114%

139140t141n-14211431148

139140t141n-143t148114S

26 (141)

13613%140t-1441145114 7n

139140t141n-1421144n1450

139140n141n-144r145114 70

27 (129)

12812721281-131n135t136n

1271281129-130t131n135t

127128t129-131n1 351136t

28 (133)

124131n133r-1341135113 70

131n1321133r-13411351138t

129131n133-1341135113 70

29 (133)

124131n133r-13411351137n

131n1321133r-134r135113 70

128t131n133-13411351137n

30 (133)

125131r133t-135t137n138t

131r132t133r-134r1351136t

128t131n133t-134r1351137n

Table 13. Local molecular orbital structure of atons 1

7,18 and 21

Mol

Atom 17 (C)

Atom 18 (N)

Atom 21 (O)

1 (129)

124127129%-130n1321133t

125t1271129-13001321133t

1271281129-130r13 1132

2 (137)

133135t1361-138113914 In

133t13501360-1381139141n

130r1321133r-13811451148t

3 (145)

14%143t144n-14611481149%

141n14361445-14611481151n

1391401141n-146n1531155t

4 (145)

144143t144rn-1461148t150t

141n14361446-146n1481150n

135t139n140r-146n1531155t

5 (133)

129131n1321-134n135t137n

1291316132%6-1341135t137n

122t126n1281-1341141n14 3t

6 (145)

14%143t144n-14611481150c

141n14361445-14611481151n

139140t141n-146n1541157

7 (133)

129131n1321-134rn1 36138t

1291316132%6-1341135t136n

12611281129-1341141n143n

8 (133)

12%131n132r-134rn1351137n

129t13161325-1341135t137n

123t1261128t-1341141n143

9 (137)

132135t1371-138113914 In

1331135613 76-1381142t144n

133t1351137n-1381139n142n

10 (145)

14%143t1451-146n148114%

140r141n1455-150t151n1 54

139140t145n-146n14 71158t

11 (145)

144143t1451-146n14811500

140t141n1455-1501151n1 54

139140t145n-146n14 711500

12 (133)

129131n133r-1341136113 70

128t12911335-136r13 71138t

128t1291133r-134r1351136n

13 (149)

147#1481149m-150r151n152

146114 7n149%-1501153t1 56t

1471481149-1500151n153

14 (149)

1451461149r-15001521153t

144t1451149%-15311541155t

144t1451149-1500151n1 540

15 (149)

147#1481149m-150r151n153

146114 7n149%-1501154r1 56t

1471481149-1500151n154

16 (125)

115121n123r-126n131n132n

11611216123t-126n131n137n

121n122n123-126n1271134n

17 (133)

12312%131n-1341139140n

1295130t131n-134213%145t

129130t 31n-134r1 3511440

18 (141)

13%137n13%-1421147n148t

137%5138t1391-142114 71153t

137t138t139-142t143n144n

19 (141)

134137n139-1421147n148t

134t137613%-142t14 71153t

137t1381139-142114311500

20 (129)

119125t127n-130n1 351136t

12551271128t-130t131n1 35t

1251126112 7r-1300131n13%

21 (141)

134137n139-1421148114%n

132t137n13%-14211481155t

137t138t139-1421143n144n

22 (129)

119124212 7r-130n13511 36t

120t1246127n-130t1 31135t

1251126112 7n-1300131n1 38t

23 (129)

119125t127n-130r134n135t

120t12561277-130t1 35114 In

1251126112 7r-1300131n13%

24 (133)

12312%131n-134113914 00

125112%131n-13421351139%

129130n131n-1341135114 3t

25 (141)

13%137n13%-1421148114%n

132t13761391-1421148t155t

137t138t139-142t143n144n

26 (141)

134137n139-1421147n145n

133t137613%-142t14 71155t

137t1381139-14211451151n

27 (129)

119125t127n-130r1 351136t

121n12561277-130t1 35114 In

1251126112 7r-1300131n138t

28 (133)

123129131n-13411351137n

125t129%131n-1351138t144n

129t130t131n-134r1351144n

29 (133)

1231281131n-13411351137n

1251128613 1n-1351137n144n

129130t 31n-1341135114 3t

30 (133)

123128t131n-13411351137n

1251128613 1n-13411 351138t

129t130t131n-134r135114 3
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Table 14. Local molecular orbital structure of atons 23, 24 and 25

Mol

Atom 23 (C)

Atom 24 (C)

Atom 25 (C)

1 (129)

1121200125t-1301131n1 33

119t120t125-1300131n132

1191247125t-13001321133

2 (137)

127132t133r-1381139140n

12721281133t-1381139n140r

127t1321133t-1381140n141n

3 (145)

135140t141n-1461147n14 9%

135t137n141n-146n14 711480

135t140t141n-146n14 7114

4 (145)

13%140t141n-1461149150n

13&5t137n141n-146n14811459%

135t140n141n-146n14 71145

5 (133)

1241281129-134n1351137n

123t124n129-134r1351137n

124r1281129-134113 71138t

6 (145)

136140t141n-14611501151n

135t1361141n-146n14811500

136r140t141n-146n150r151n

7 (133)

123128t129%-134n1 351136t

122t1231129-13411351136n

123t1281129-13411361138t

8 (133)

1231281129%-134rn13511 36t

123t124n129-134r1351136n

123t128t129-134r136n137n

9 (137)

12&129133r-138113914 In

128t12911331-1381139n142n

128t1291133-142114311500

10 (145)

136140114 1n-146n14 71480

134t1351141n-146n14 71146t

139140t141n-146n148114S

11 (145)

136140t141n-146n14 711450

135t136t141n-146n147n148t

136r140t141n-146n14811459%

12 (133)

127#1281129-134113511 36t

122t1231129-13411351136n

127t1281129-134r136n137n

13 (149)

138141n1451-150n151n152n

141n1431145n-1500151n152

141n1431145n-152t1531155t

14 (149)

1431441145n-1500151n152n

139140t1451-1500151n1520

143t1441145r-15001521153t

15 (149)

14@814271451-150n151n1540

140t1421145n-15001 51154

140t1421145n-154115511620

16 (125)

116121n122r-126n1271128t

120t121n122r-126n127n1 280

114t1161122r-126n1281129%

17 (133)

12512911301-13411351136n

125t1291130n-134r1351136n

125t128t130n-134n1361137n

18 (141)

134137n1381-142114311450

134r137n138t-142t143n144n

132t133t138t-142t1441145t

19 (141)

134137n1381-14211431145t

134t137n1381-14211431145t

133t134n138t-14211451146n

20 (129)

12@8125t1261-130n131n132n

122t1251126n-1300131n132

118t120t126n-130t1321133

21 (141)

132137n138t-14211431145t

133t137n138t-1421143n144n

130r13211381-1421144n1450

22 (129)

12@812421261-130n131n132n

120t1241126n-130013 1132

118t120t126n-130t1321133

23 (129)

1221251126n-130t131n132n

122112511 26n-1300131n132n

120t124n126m-130013211330

24 (133)

1251291130r-13411351138t

12511291130r-13411 351138t

12211251130-13411381143t

25 (141)

132137n1381-142114311450

133t137n138t-142t143n144n

130r132t138t-142t144n145t

26 (141)

133137n138t-14211451146n

133t137n138t-14211451146n

130r13311381-14211461151n

27 (129)

12%125t126n-130n131n133n

121n125t126n-1300131n132

118t121n126n-130t1321133

28 (133)

1251291130r-13411351136n

126r1291130r-134r1351136n

122t125t130t-135t136n13 70

29 (133)

1281291130r-13411351136n

128t1291130r-134r1351136n

12511291130t-135t136n13 70

30 (133)

125128t1301-1341135t136n

128t1291130n-134r1351136n

125t1291130n-134r1351136n

Table 15. Local molecular orbital structure of atons 2

7,31 and 32

Mol

Atom 27 (C)

Atom 31 (C)

Atom 32 (C)

1 (129)

1191200125t-13211331134n

115t1221123t-133t1341135t

115t1221123t-133t1341135t

2 (137)

12&132t1331-140n141n14 20

122t131n132r-1400142114 3t

123t1281131n-1400141n14 20

3 (145)

137140014 1n-147n148114 9%

130r136t137n-14 71150161

1251136113 7n-1471150n160n

4 (145)

137140t141n-1491150t153t

130r136t137n-14 71149116 1n

125t136t137n-14 7114911500

5 (133)

124128t129%-137n138t14 In

1231124112 7r-136n1381139%

11311 7n127r-136n1381139%

6 (145)

136140t141n-150t154n157n

135t1361138t-1471148114S

135t1361138t-1471148114S

7 (133)

123128t129%-1361138t14 In

125t126n127n-137n1 381139

125t1126n127n-137n1381139%

8 (133)

1241281129%-1361137n1 38t

124r127n128t-136n137113%

117124712 7r-136n13 71138t

9 (137)

129130r133r-1431144114 8t

123t1261131n-1400141n14 20

122t1231131n-1400141n14 20

10 (145)

138140114 1n-146n148114%

136r1391140r-148t1491151n

130r131n136m-148t1491150n

11 (145)

138140114 1n-149150n151n

130r135t139-14 711481145

131r1351139-148t1491150n

12 (133)

122127n129-136n13 71138t

124rn127n1281-1371138113%

124r127n1281-136n137n138t

13 (149)

146141n1451-153t1551156n

140014 1n143t-15221531154

140014 1n143t-152t1541155t

14 (149)

1391431145r-1531154n155t

143t144n145n-152115311 540

133135114 1n-152115311 540

15 (149)

14614211451-15411551156n

132r133t139-152t1531154

1351139114 3t-152t1531154n

16 (125)

126121n122n-126n128112%

111r1197120r-128t129130n

111r1197120r-128t129130n

17 (133)

1251281130-1341136113 70

125t1281130t-136m13 71138t

12412511 281-136n13 71138t

18 (141)

133134r1138t-1421144n145t

132t133t134n-14211441145t

132t133t134n-144n1451146n

19 (141)

134137n138t-14211451146n

132t1331134n-144r1451157n

132t133n134n-144r1451146n

20 (129)

1261221126n-130r1321133

121n1221124r-1321133n134n

114r122n124r-1321133n134n

21 (141)

1321331138t-1421144n145t

125t133n136m-1421143n144n

128t133n136n-144r1451146n

22 (129)

12@124n126n-1300132t133t

115112311 251-13211 3311340

115112311 251-13211 3311340

23 (129)

122124r126n-130r1321133

122t124n126n-132t1331134n

12001221124r-1321133n134n

24 (133)

1251291130r-1341138113%

119012471 281-136n137n141n

118t119128t-136n137n141n

25 (141)

132133t138t-1421144n145t

125t133t136n-142t143n144n

128t133t136n-144n1451146n

26 (141)

133137n138t-142n146n14 7n

125t126n132r-1421143n144n

127t132n135n-1421143n144n

27 (129)

124125t126n-130r1331134n

115t1201124r-1321133n134n

113r120t124r-1321134n142n

28 (133)

1251261130r-135t136n137n

117t1261128t-136n1371138t

117t1261128t-136n137113%

29 (133)

125129%130r-13511361138t

1272129130t-136m13 71138t

12721291130t-1381139m149

30 (133)

1251291130r-134r1351136n

126r1291130n-136n13 71138t

118t1261129-1371138113%
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Table 16. Local molecular orbital structure of atons 33 and 34

Mol. Atom 33 (C) Atom 34
1 (129) 11512211231-133t1351143t | 11511227123t-13311341135¢
2 (137) 12@131n1327-140n1427143t | 1231128113 1n-140n141n14 20
3 (145) 13@136n1371-14711491500 | 130t136n137n-1472150n151x
4 (145) 13@136r1371-1471149%161n | 130136113 7n-1477149150c
5 (133) 123124712 77-136n1381139% | 11311172127n-136n138t139%
6 (145) 137136m1381-14711481149% | 1351136n138t-1471148t149%
7 (133) 125126n1277-1371138:13% | 1251126n1277-1377138t13%
8 (133) 118124712 71-136n1371139% | 1181124n127n-136n13 71138t
9 (137) 123126n131n-140n1410142% | 122012313 1n-140n141714 20
10 (145) | 13613%1401-148114%151n | 134t136113%-148t14911500
11 (145)| 1341351139-1471481149% | 130t1351139%-14811491500
12 (133)| 127128t129-137138t13% | 124t1272128t-136113721386t
13 (149) | 14@141n143t-1521153t154n | 13%9140t143n-152t1541155t
14 (149) | 14314471451-1522153t154n | 135t141n143n-152t153t1 54t
15 (149) | 132135t139,-1521153t154n | 1351139 143n-152t1531154
16 (125) | 114119%1207-128t129%130c | 111x119w120r-128t1297130n
17 (133)| 125128t130t-136n1371138t | 12411251128r-136n1371138t
18 (141) | 132133t1341-14211441145t0 | 132t133t134n-14411451146n
19 (141) | 132133t134r-144r145t157 | 132t133t134n-1441145t146n
20 (129) | 12%122t124n-1320133t134n | 115t1221124n-13211331134n
21 (141)| 128133t136m-142t143t144n | 1261133t136n-14411450146n
22 (129)| 115123t125:-1320133c134n | 115t1231125t-13211331134n
23 (129) | 1221247126n-132t133t134n | 120t122t124r-132t13301 340
24 (133) | 11912471281-136n137r141n | 118c11%128t-13611371145
25(141)| 128133t136n-1421143t144n | 1261133t136n-14411451146n
26 (141)| 125127n1321-142t143t144n | 1271320135n-142t1430144n
27 (129)| 118120t1241-1320133t134n | 115t1200124n-132t134n142n
28 (133)| 118126t1281-136n1371138t | 118t1261128t-1361137213%
29 (133)| 12#12%130:-136n1377138t | 118t1277129%-138t13%:14 86t
30 (133)| 126129%130r-136r1372138t | 118t1261129%-1372138t139%

Discussion ofHT-29 results

DISCUSSION

Beta values (Table 3) show that the importance afiables is S5> 77,> Q,,> S (LUMO+2)*>
SL(LUMO)* >> 14> S" (LUMO+1)* . Eq. 2 shows that a high antiproliferative capaistassociated with

high numerical values ¢f,, low negative numerical values &, and//4, and with a positive value of the net

charge of atom 32. The nature of the contributibthe nucleophilic superdelocalizabilities will lbkscussed case
by case. Table 17 shows the local molecular orbitacture of atoms 14 and 19 appearing only inZEq.

Atom 14 is a carbon in ring C (Fig. 2)},, is the local atomic hardness of atom 14 and cpomrds to the

HOMO,, -LUMO,, gap. Therefore, high values for this local reamtiindex are obtained by enlarging the
mentioned gap. From a strict theoretical point iefw this enlarging can be obtained by shifting desards the
HOMO,, associated eigenvalue, by shifting upwards the QJMassociated eigenvalue or by a combination of
both procedures. If we examine Table 17, we carmsthat in all molecules the LUMg corresponds to the
molecule’s LUMO. Table 17 shows also that in eigises (molecules 9-12, 14 and 28-30) the local HQMies
not coincide with the molecular HOMO. Thereforedas a preliminary hypothesis, we suggest thattaroectivity
can be obtained by shifting downwards the HOMGssociated eigenvalue. This procedure leads tsset
reactive HOMQ, . If this is the case, then atom 14 should actraslectron acceptor center and interact with an
electron donor center. Atom 33 is a carbon in Bn@Fig. 2). LUMQs; is ar MO in all molecules (Table 16). If the

numerical values of%'\;(LUMO)* are positive, a low value is associated with hagtivity. This result is
obtained by shifting upwards the LUM{eigenvalue making the MO less reactive. For téson, we suggest that
atom 33 is interacting with an electron deficieahter. Atom 35 is a carbon in ring E (Fig. 55'55 is always a

negative number. As small negative values of thilek are associated with high inhibitory activayom 35 should
behave as an electron acceptor and interact witklestron rich center. Atom 32 is a carbon in rfhgFig. 2). A

positive net charge on this atom is related witghhactivity, suggesting that atom 32 is engageanirelectrostatic
interaction with a negatively charged site. Atons 4 carbon in ring A (Fig. 2). The three highestupied and the

three lowest vacant local MOs are ofnature (Table 11). If the numerical values 8f (LUMO +2)* are
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positive, a high inhibitory activity is associateith high values of this index. High values areadhé¢d by shifting
downwards the MO energy making this MO more reactWWe suggest then that atom 4 is interacting waith

electron rich center though the first three lowestant MOs. Atom 19 is the underlined carbon ofNIZXX)NC(O)
moiety linking rings C and D (Fig. 2, X=0O or S).

Table 17. Local molecular orbital structure of atons 14 and 19

Mol. Atom 14 (C) Atom 19 (C)
1(129) 1271281129%-130r1310132¢ | 11812051246-130r131n132n
2 (137) 137136n1371-138113%141n | 124112606132¢-138113% 1440
3 (145) 1431442145n-14611481151n | 132t1346140r-14611481152¢
4 (145) 14314411451-146n1481151n | 1345140n1440-14611481151n
5 (133) 13%1320133t-1341135137r | 12212811326-1341135t138t
6 (145) 14314411451-146n1481151n | 13211346140r-14611481151n
7 (133) 13%132t1331-13471351136t | 122512811325-1341135141n
8 (133) 13%1320133t-1341135137r | 12212811325-1341135t138¢
9 (137) 133135t136r-138113% 142t | 12411255129-138113% 142t
10 (145) | 1421431144r-146n14 711500 | 130c132t1356-146114 7151
11 (145) | 14%1431144r-146n1472150r | 133013601401-146114 721500
12 (133)| 129131n132r-1342135t136t | 120512101236-1341135t1 360
13 (149) | 14#1481149-150n151n153c | 13%514151436-1500151n153t
14 (149) | 145146114 77-150n1510153t | 1325136n1405-150t151n154n
15 (149) | 14#1481149%-1500151n154r | 13714051426-150t151n1 54
16 (125) | 1281241125t-126n1271131n | 1145115t1216-126n1271134n
17 (133) | 13%132t133r-1341135113% | 1221123612%-13411351143n
18 (141)| 138140n141n-14211437147 | 130513161376-1421143t144n
19 (141) | 138140t141n-142n143t147t | 13n131651375-142t143114%
20 (129)| 12#128t129%-130c131r135r | 118111%1255-130t131n132n
21 (141)| 138140t141n-14211431148t | 130t131613705-142t143t144n
22 (129)| 12#128t129%-130t131n135t | 1185119512405-130:131x138c
23 (129)| 12#128t129-130n1310134r | 11811%125-130r131x138n
24 (133)| 13%132t1331-134113513% | 122123612%-13411351143n
25 (141)| 139140t141n-142214311480 | 130r131651376-142t143n144n
26 (141)| 139140t141n-14211440147n | 130513161375-142114421450
27 (129)| 12#128t12%-130t131n135t | 118511951255-130:131x138c
28 (133)| 12@131132r-134t1371138t | 1221123512%-1342135114 3t
29 (133)| 12@131r132r-1347137138t | 122112361285-13411351143n
30 (133)| 12@131n132r-1341135t137n | 122112361286-13411351143n

In the Pauling’s or Allen’s scales of electronegafi (EN) we have that EN(C) < EN(N) < EN(O). Théme, it is

expected that the net charge of atom 19 be posifigble 17 shows three interesting facts. The bre is that
LUMO,, does coincide with the molecular LUMO and has mature in all molecules. The second fact is that
HOMO,9 never coincides with the molecular HOMO. Also several cases it corresponds to occupied MOs with
an energy located very far below from the HOMO gyef he last fact is that the nature of HOMQan ber or o.

A high inhibitory activity is associated with lovegative values gf/,, . Noting that this local reactivity index is the
midpoint between the energies of HOMCQand LUMQys , low negative values are obtained by shifting uplsahe
HOMO,s energy, shifting upwards the LUM§ energy, or by a combination of both proceduresr@hs not a
rigorous reason to select anyone of them. In tise eghen HOM@, is very close to the molecular HOMO, shifting
upwards the HOM@’s energy will lead to a low negative value a5, . In this case this MO will become more
reactive. Table 7 shows that all the HOMQmeeting this condition have allanature, and could be involveddén

o or o-m interactions. If we shift upwards the LUMOenergy, we are making this MO less prone to itendth an
electron rich center. Now, if we consider that atb#nhas a positive net charge we expect thatetraats with an
electron rich center or with a negatively chargeaaty. For the moment, the method employed hers doéallow

us to carry out a deeper analysis. The situaticalsie complicated by the fact that this reactivitgex has a very
low p-value (Table 3). Atom 1 is a carbon in ring A (F&). The three highest occupied and the threedowacant

local MOs are oft nature in all molecules (Table 11). If the numalricalues ofSiN (LUMO +1)* are positive, a

high inhibitory activity is associated with highluas of this index. Therefore we suggest that atosinteracting
with an electron rich center through the first lowest vacant MOs. Despite the fact that this l@ealtivity index

also has a lowp-value (Table 3), and contrary to the casg/gf, we are able to propose a definite atom-site
interaction. All the suggestions are shown in tagigl planar (2D) pharmacophore of Fig. 7.
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Figure 7. Partial 2D pharmacophore for thein vitro cell growth inhibition of the human HT29 cancer cé line

We can see in Fig. 7 that practically all the commskeleton is involved in the antiproliferativeet. The fact that
in rings A and E several indices appear is a stindgect evidence that these rings could be inedhin ring-ring
(z-m) interactions with the site. No direct evidenceéngfirogen bond formation was found.

Discussion ofMGC803 results
Beta values (Table 5) show that the importance afiables is S>> S5> S;(HOMO-1)*>>

SL(LUMO+2)*> S} (LUMO+1)*> SI(LUMO+1)*> S},(HOMO-1)*. Eq. 2 shows that a high
antiproliferative  capacity is associated with higmumerical values of ‘SiEs

and‘ S,

nucleophilic superdelocalizabilities will be dissed case by case. Atom 35 is a carbon atom belgngiring E. A

*, and with low numerical values ‘@ES‘ and‘%EZ‘. The nature of the contribution of the

low numerical value for(S;)‘ suggests that this atom should behave as a betogielonor. Therefore, we suggest
that atom 35 is interacting with an electron ri@mter. Atom 32 is a carbon atom belonging to ringAHow
numerical value fm(%Ez‘ suggests that this atom should behave as a betloglelonor. Therefore, we suggest that

atom 32 is also interacting with an electron rigmter. Atom 15 is a carbon atom belonging to ringHZjh
antiproliferative activity is associated with higregative values f(ﬁlES(HOMO—l)* . (HOMO-1)s and
HOMO-1;5 have ar nature in all molecules (Table 12). We suggesi that atom 15 is interacting with an electron
deficient center. Atom 25 is a carbon atom beloggmring D. If the numerical values di;;(LUMO+ 2)* are
positive, then low values for this reactivity indase associated with high antiproliferative acyivitable 14 shows
that the three lowest vacant local MOs are afture. Low values foS),(LUMO +2)* are obtained by shifting

upwards the (LUMO+2} energy or by diminishing the value of the assedidtukui index (i.e., by minimizing the
localization of (LUMO+2)s on this atom). We think that this requirement dooé due to the repulsive interaction
of this specific MO with empty MOs of the site. Tafore, we suggest that atom 25 is interacting aittelectron
rich center through its first two vacant MOs. Tlésindirectly supported by the fact that the lot#DMO
corresponds in all cases to an occupied MO locttedtom the molecule’s HOMO. The analysis for tteese of
negative numerical values leads to an identicallteAtom 18 is the underlined nitrogen atom of M&(X)NC(O)
moiety linking rings C and D (Fig. 2). Table 13 sfsthat the first three lowest vacant MOs ar@ agture. A high

antiproliferative activity is associated with sma#lues if%'\é(LUMO +1)*is positive and with high negative

values if S'\é(LUMO +1)*is negative. In both cases this requirement issfsadi by shifting upwards the

(LUMO+1),5 energy and/or by diminishing the degree of lo@di@n of this MO on this atom. HOMg can be of
o orz nature. Only with this available information wencgsuggest that atom 18 could be interacting witkelantron
rich center through its first vacant MO (LUM$). Note that we have included the local reactivtityices of H38
(bonded to N18, Fig. 2) to explore the possibibfyformation of a hydrogen bond, but no statisticalgnificant
index appeared in Eg. 2. Atom 23 is a carbon atetoriging to ring D. If the value osz'\;(LUMO +1)* is

positive, a high antiproliferative activity is assated with low values for this index. Table 14 wkahat the local
HOMO's do not coincide with the molecular HOMO in aléttmolecules. In the case of the local LUMQOthey
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coincide with the molecular LUMO. The first threecapied and the first three vacant MOs have atl rsature
(Table 14). As discussed above this suggests that 23 is interacting with an electron rich moigéltyough its first
vacant local MO and that possibly the second vab#dtis engaged in a repulsive interaction with gmdOs of
the partner. Atom 24 is a carbon atom belongingrig D. A high antiproliferative activity is assated with high

negative values fdB;,(HOMO —1)*. Table 14 shows that the first three occupiedthedirst three vacant local

MOs have all ar nature. Despite the fact that the local HOM®@o not coincide with the molecular HOMO in all
the cases analyzed here, we suggest that atomiériacting with an electron deficient center thgb its first two
highest occupied local MOs. All the suggestionsmesented in the partial 2D pharmacophore of &ig.

ELECTRON RICH
CENTER ELECTRON

N o RICH _
)}\ I ELECTRON
N RICH
18 CENTER
H 24
/ ° @
ELECTRON

ELECTRON (ELEcTRON| | RiCH
CENTER ) |DEFICIENT| (_CENTER
N R

Figure 8. Partial 2D pharmacophore for thein vitro cell growth inhibition of the human MGC803 cancercell line

ELECTRON
RICH
CENTER

We can see that LARIs belonging to rings A and Bidbappear. This does not mean that there ringetimteract
with the site. The presence of several LARISs ngsiD and E is, as we said before, an indirecteand that these
rings could be involved in ring-ring{t) interactions with the site. No direct evidencehgfirogen bond formation
was found.

Discussion 0fMKN45 results
Beta values (Table 7) show that the importanceasfables isS5 > S3(LUMO+1)* > SI(LUMO +2)*>

SL(HOMO-1)*> SE(HOMO-1)*> S (LUMO+2)*> SI(LUMO+1)*>S}(HOMO-1)*.
Eg. 3 shows that a high antiproliferative capattassociated with great negative valueﬁ(HOMO—l)*,

SL(HOMO-1)* andS},(HOMO-1)*; and with small negative values . The nature of the

contribution of the nucleophilic superdelocalizélgs will be discussed case by case. Atom 13 ¢arbon atom
belonging to ring C (Fig. 2). Table 12 shows ti three highest occupied and the three lowesi&d@®s have a

n nature. If the values OQ’;(LUMO +1)* are positive, a high antiproliferative activityassociated with great

numerical values for this index. High values aréated by shifting downwards the (LUMO+%)energy, making
this MO more reactive. Therefore, we suggest tt@hal 3 is interacting with an electron rich centepugh its first

two vacant MOs. For negative values 8f;(LUMO +1)* the analysis leads to the same conclusion. Atoris 35

a carbon atom belonging to ring E (Fig. 2). A hightiproliferative activity is associated with lovwegative
numerical values for this index (let us remembeit the total atomic electrophilic superdelocaliigbis always
negative for closed shell, neutral molecules). €fae, we suggest that atom 35 is interacting waitlelectron rich

center. Atom 27 is a carbon atom belonging to Bn@Fig. 2). If the values ofSZN7(LUMO+ 2)* are positive, a

high antiproliferative activity is associated wittw numerical values for this index. This meang (h&JMO+2),;
seems to be engaged in a repulsive interactionwsitnt MOs of the partner. Table 15 shows thaththee highest
occupied and the three lowest vacant MOs haxenature. We suggest that atom 27 is engaged imtaraction
with an electron rich center through its first theavest vacant MOs. This is indirectly supportedtbg fact that
(HOMO),; does not coincide with the molecular HOMO, makiingifficult that atom 27 acts as an electron donor
Atom 25 is a carbon atom belonging to ring D (Ra). A high antiproliferative activity is associatedth great

negative values foSZES(HOMO —1)*. Table 14 shows that the three highest occupiddtamthree lowest vacant

local MOs have & nature. Therefore, it is suggested that atom &5acts with an electron deficient center through
its first two highest occupied local MOs. Atom 2¢ & carbon atom belonging to ring D (Fig. 2). Ahhig

antiproliferative activity is associated with grewtgative values f(ﬁi;(HOMO—l)*. Table 14 shows that the
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three highest occupied and the three lowest vdoaat MOs have a nature. Therefore, we suggest that atom 24
interacts with an electron deficient center throutghfirst two highest occupied local MOs. Atom &la carbon
atom belonging to ring E (Fig. 2). Table 16 shohat tthe three highest occupied and the three lovasint local

MOs have ar nature. If the values o&Nl(LU MO +1)* are positive, a high antiproliferative activitydssociated
with high numerical values for this index. This tinn, makes (LUMO+1)" more reactive. Then, atom 31 seems to
interact with an electron rich center. Atom 11 isabon atom belonging to ring C (Fig. 2). If thalues of
Sl’\l'(LUMO +2)* are positive, then a high antiproliferative adivis associated with small values for this index.

This suggests that (LUMO+g) is engaged in a repulsive interactions with vada®s of the partner. On the other
hand, Table 11 shows that the three highest ocdugid the three lowest vacant local MOs haxenature and that
the local frontier MOs coincide with the molecutares. A preliminary suggestion is that atom 11lrauts with an
electron rich site through its first two lowest gat MOs. Atom 21 is the underlined oxygen atom lud t
NC(X)NC(O) moiety linking rings C and D (Fig. 2)alble 13 shows that the three highest occupied landhree
lowest vacant local MOs haveranature. A high antiproliferative activity is asg&ed with great (negative) values

of SZEl(HOMO—l)*. This is a hint allowing us to suggest that atamifinteracting with an electron deficient

center through its first two highest occupied lod&Ds. All the suggestions are presented in theigla?D
pharmacophore of Fig. 9.
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Figure 9. Partial 2D pharmacophore for thein vitro cell growth inhibition of the human MKN45 cancer @ll line

We can see that LARIs belonging to rings A and Bnab appear like in the MGC803 case. Here we dlsd f
indirect evidence of ring-ringn{r) interactions in the case of rings C, D and E.d\ect evidence of hydrogen
bond formation was found.

Discussion ofSW620 results
Beta values (Table 9) show that the importance afriables is Q,,> S5(LUMO)*> 1>

S,L(HOMO-2)*> F, (LUMO)* >F,,(LUMO)*. Eq. 4 shows that a high antiproliferative capadit
associated with a positive net charge on atom B2atgnegative values fots,, and SE(HOMO—Z)*, great

positive values foF,,(LUMO)* and small positive values foF,,(LUMO)*. Eq. 4 shows that a high

antiproliferative activity is associated with a fliwe net charge on atom 32, suggesting that akengaged in an
electrostatic interaction with a negatively chargété. Note that Table 15 shows that the local HOM@re far
below the molecular HOMO. Atom 17 is the underliredbon atom of the NC(X)NC(O) moiety linking rin@s
and D (Fig. 2). Table 13 shows that that the tlimiglest occupied and the three lowest vacant lea$ have ac

nature. If S{;(LUMO)* is positive, then a high antiproliferative actyvis associated with high values for this

index. Therefore, we suggest that atom 17 is interg with an electron rich center through its tfilevest vacant
local MO. Atom 34 is a carbon atom belonging tagri (Fig. 2). Table 16 shows that the three higbestipied
and the three lowest vacant local MOs have rmature. A high antiproliferative activity is assted with great

negative values fotz,, . For this reason it is suggested that atom 3dtésacting with an electron rich center with at
least its lowest vacant local MO. Atom 12 is a carfatom belonging to ring C (Fig. 2). Table 12 shdhat the
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three highest occupied and the three lowest vdoaat MOs have a nature. A high antiproliferative activity is
associated with higher (negative) value§§1(HOMO —2)*. We suggest then that atom 12 is interacting with

electron deficient center with, at least, its thingghest occupied local MOs. Atom 31 is a carbamabelonging to
ring E (Fig. 2). Table 15 shows that the three égjloccupied and the three lowest vacant local M&@& an

nature. A high antiproliferative activity is asged with high values off,,(LUMO)* (the Fukui index is

always greater than zero [75]). This allow us tggast that atom 31 is interacting with an electrich center
through its first lowest vacant local MO. Atom 32a carbon atom belonging to ring E (Fig. 2). Tddeshows that
the three highest occupied and the three lowestntdocal MOs have a nature. A high antiproliferative activity is

associated with low values Bf,(LUMO)* . This suggests that LUM® is engaged in a repulsive interaction
with a vacant MO of the site. Our preliminary susjgen is that atom 32 is interacting with an electdeficient
center. This is contradictory with the requiremeior Q,,. Considering the low p-value associated to

F,,(LUMO)* we shall not consider this possibility. All the ggestions are displayed in the partial 2D
pharmacophore of Fig. 10.
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Figure 10. Partial 2D pharmacophore for thein vitro cell growth inhibition of the human SW620 cancer ell line

Again, LARIs belonging to rings A and B do not appdn this case there is indirect evidence ofhg-ring t-r)
interaction is found for ring E. No direct eviderafehydrogen bond formation was found.

The substituent effects are of three kinds. Thst @ine is the so-called orientational effect ofsbbstituent, having
not electronic components, and developed direattiynfthe molecular rotational partition function [3This
orientational effect influences the distribution ihfe molecule’s rotation velocity (in a classicahperature-
dependent distribution scheme) and how the molemides about its three principal axis of rotatibhe second
kind corresponds to concepts such as resonancmductive effects, developed by XX century orgactemistry.
The third one is more subtle and is related to fiven of the solutions of the Hartree-Fock and K&tam
equations. These equations provide molecular driitactures in terms of a linear combination afraic orbitals
(AO). The set of AOs employed (i.e., the basis s&y vary considerably. For example, if we changeethyl by
an ethyl substituent we shall introduce more atoontntals and more molecular orbitals will appearthe final
results. The question is that in the case of bigemdes (such as the ones analyzed in this papanging a given
substituent by another similar may change, not oméynature of the molecular orbitals close to ftioatier ones
(HOMO and LUMO), but the localization of some oéth. This is the reason why we include in the LMRAeast
the three highest occupied and the three lowesintdocal MOs [37, 38]. Regarding the second kihdutbstituent
effects, we are sure that they can be explainegugfir quantum chemistry studies with local atomiacti@ity
indices and that one day their unique use will bdy ofor teaching. The paper reporting the measured
antiproliferative activities could be taken as aaraple containing quite primitive statements toiglesnolecules.
“To further improve the activity by altering the distribution of electronsin ring B, we incorporated the methyl group
but this attempt was a failure” and “however, the trend was not sustained, as other disubstituted analogues were
either less potent or inactive” are good examples. We think that if after meawsythe activities, a full quantum-
chemical analysis were performed, probably newlamdompounds with improved activity will see thghtt of
day. On the other hand, the question of obtainig tARIs deserves some words. We normally use kaiilis
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population analysis results after correcting th@meliminate negative electron populations or MO yagons
greater than 2 [71]. Any other population analygikeme can be used. Finally, the question of krpwithe role
of the C-E rings connector is the same for alldhses analyzed here cannot be fully answered.

In summary, we have found statistically significagjuations relating electronic structure with amtierative

activity in four cancer cell lines. The corresporgl2D pharmacophores are built and some ring-riteractions are
suggested. The analysis of the equations and themaitophores should provide information about negsible

substitution sites.
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