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ABSTRACT

Here we present the results of a study relatingemdhr/electronic structure with cytotoxicity forgroup of N-
alkylated quaternanys-carbolines against nine tumoral cell lines. Theottonic structure of all systems was
calculated at the B3LYP/6-31G(d,p) level. Stat@hjcsignificant results were obtained for almodittamoral cell
lines. The analysis of the proposed pharmacophaliesvs detecting several atoms that can be use@ragts for
substitution and control of cytotoxicity.

Keywords: Tumoral cells, cancer, cytotoxicity, QSARcarbolines, MCF-7, HepG2, 22RV1, HT-29, 769-P, B37
SK-0OV-3, Eca-109, BGC-823.

INTRODUCTION

B-carboline (#H-pyrido[3,4bjindole, norharmane) is a nitrogen containing rmtgele. It is also the prototype of a
set of compounds callefi-carbolines.p-carboline alkaloids are naturally occurring in rgka and animals, and
display a wide range of pharmacological and biaabactivities including antimicrobial, antioxidargntitumoral
and antiviral actions [1, 2]. They also exert aedsity of neurological, physiological and psychoaceffects such
as antidepressant actions, changes in body temperatonvulsion, effects on drug withdrawal and e,
modification of brain neurotransmitters and vascuddaxation . Norharman and harman have been daugld in a
number of human diseases including addiction, aanBarkinson's disease and trem@rcarboline is a
benzodiazepine receptor inverse agonist and caseqoently have anxiogenic, convulsive and memohaecing
effects. As components of the liaBanisteriopsis caapiharmine, harmaline and tetrahydroharmine playitecal
role in the effects of the indigenous psychedelieppration Ayahuasca [3-7] upon oral ingestion éyersibly
inhibiting the monoamine oxidase enzyme. Severalgs ofp-carboline derivatives have been synthesized and
tested for diverse biological activities [8-40].ulng the last years an intensive research has ¢eeied out on the
antitumor/cytotoxic properties of these moleculgstems [8, 14, 19, 22, 41-54]. In this paper wesené the results
of an analysis between the electronic and confdomat properties of a group of“Milkylated quaternarg-
carbolines and their cytotoxic activity againstentumoral cell lines.
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MATERIALS AND METHODS

MODEL AND CALCULATIONS

Taking into consideration that the model-based otthsed here has been described and discusseebindgtail in
several papers, we present only a short standangnauy [55-61]. The cytotoxicityexpressed as kg is a linear
function of several local atomic reactivity indigg#\RIs) and has the form:

log(ICy,) =a+bM, + clog[aDl / (ABC ’2]+2[ eQ+ f 8+ ']+

+ . 2 MEM+ X SCH+X X[ € i o ¢ e

|9 +km gy + 76 + W]+ O
' s @

where ABC the product of the drug’s moment of irzegbout the three principal axes of rotation, Mhis drug’s
mass and its symmetry number. £s the orientational parameter of the B-th substit. The other terms are local
atomic reactivity indices (LARIs) and are relatedthe kinds of interactions between the drug atand the site.
We refer the reader to the several papers disaudbgir physical meaning [60-64]. Below we shakaliss the
specific LARIs appearing in the resulting equatiofise use of this method has given excellent resalthe study
of the equilibrium constant for several kinds ofighreceptor interactions [58, 65-80]. Recently thethod was
extended to the study of very different biologieativities with a remarkable success [62, 64, 8]1-BBe selected
B-carbolines and their experimental cytotoxic atia ([54]) are shown in Fig. 1 and Tables 1-3.

( N\

Figure 1. Structure of g-carbolines.

Table 1. g-carbolines.

Mol. Ry R, R;
1 -CHg -H -CHGeHs
2 -GHs -H -CH,CsHs
3 | -CH(CH), H “CH,CeHs
4 -CH,CH=CH, -H -CH,CsHs
5 n-GHq -H -CH,CsHs
6 | CH,CH(CH), | H CH,CoHls
7 n-GHaz -H -CH,CsHs
8 n-GHa; -H -CH,CsHs
9 -CH,CeHs -H -CH,CsHs
10 -p—CH2C5H4F -H -CH,CsHs
11 -m-CH2C5H4C| -H 'CHZCGHS
12 p-CHzCsH;;OC"l; -H -CH,CsHs
13 -(CH)3CeHs -H -CHyCsHs
14 -(CH)3CsHs -H -CHs

15| -(CH)Cots H s

16 -(CH)3CeHs -H n-C;Hy
17 -(C"b)(;CGHs -H n-CGsH1z
18 -(C"b)(;CGHs -H n-CgH17
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19 -(CHy)3CsHs -H N-CygHo:

20 -(CH)3CeHs -H -p-CH,CeH4F

21 -(C"b)gCgHs -H -mCHzch4CI

22 -(CH,)sCeHs -H -p-CH,CsH4NO,

23 -(CH)sCsHs -H -(CHg)2CeHs

24 -(CH)sCeHs -H -(CHp)3CsHs

25 +(CH)sCeHs -CHs -CHCeHs

26 -(CH)3CeHs -CoHs -CH,CsHs

27 | -(CH)CeHs -p-CsHsOCHs | -CH,CeHs

28 -(CH,)sCeHs -C4HsS -CH,CsHs

Table 2. Cytotoxic activities off-carbolines*.
Mol. | log(ICsc) | log(ICsc) | log(ICsc) | log(ICsq) | log(ICsc)
MCF-7 HepG2 22RV1 HT-29 769-P

1 - - 0.92 1.77 1.35
2 0.75 1.59
3 1.74 1.77 0.56 - 1.49
4 1.8¢€ 1.8¢ - 1.3¢
5 1.5: 1.4€ - 1.92 1.3C
6 1.59 1.56 0.98 1.94 1.06
7 1.05 1.14 - 1.20 0.43
8 0.61 0.81 0.46 1.04
9 1.27 1.54 0.76 1.63 0.94
10 1.2¢ 1.37 0.5¢ 1.4€ 0.7¢
11 1.31 1.2z 0.6z 1.4% 0.5¢
12 1.27 1.20 0.68 1.28 0.88
13 1.16 0.90 0.51 0.88 0.69
14 1.88 1.96 0.63 1.99 1.30
15 1.99 1.96 0.40 1.73 153
16 1.5¢ 1.6€ 0.52 1.8C 1.1¢
17 0.59 0.63 0.34 0.36 0.40
18 0.46 0.67 0.63 1.27
19 0.84 1.50
20 0.99 1.02 0.63 0.96 1.16
21 1.16 1.28 0.99 1.22 1.34
22 1.3¢ 1.3C 0.7t 1.1C 0.9z
23 1.10 1.15 0.60 0.52 1.15
24 0.57 0.60 0.69 0.53 0.52
25 0.85 0.76 0.26 1.16 0.72
26 0.57 0.68 0.57 1.03 0.48
27 0.34 0.52 0.26 0.38
28 1.47 1.56 0.92 1.50 1.16

* MCF-7: breast carcinoma, HepG2: liver carcinon22RV1: prostate carcinoma, HT-29: colon carcinom@9-P: renal carcinoma.

Table 3. Cytotoxic activities off-carbolines*.

Mol. | 109(1Cso) | 10g(ICso) | log(ICsq) | log(ICs0)
A375 SK-OV-3| Eca-109] BGC-828

1 1.57 1.74 1.98 1.12
2 1.73 1.44 1.56 ===

3 1.39 0.82 0.88 1.79
4 1.05 1.10 1.33 ===

5 1.2¢€ 0.67 0.9¢ 1.8¢

6 1.45 1.44 1.55 1.78
7 0.83 0.86 1.14 0.72
8 0.49 0.51 0.71 0.40
9 0.89 1.23 151 1.59
10 0.67 1.02 1.55 0.80
11 0.8 0.9C 1.37 1.31

12 0.98 1.30 1.73 1.25
13 0.94 0.64 1.07 0.93
14 1.62 — 1.78 1.61
15 1.65 --- 1.74 1.94
16 1.09 1.20 1.62 1.19
17 0.4¢ — 0.4C 0.3¢

81

Available online at www.scholarsresearchlibrary.com



Fernando Gatica-Diaz and Juan S. Gomez-Jeriat al J. Comput. Methods Moal. Des., 2014, 4 (4):79-120

18 == 0.77 1.36 0.87
19 --- 1.76 1.37 1.76
20 1.02 1.09 0.72 0.91
21 1.3¢ 1.1< 0.9C 0.9¢

22 1.09 1.24 0.88 1.60
23 1.09 0.92 0.91 1.02
24 0.51 1.03 0.72 0.97
25 0.93 0.88 0.83 0.84
26 0.77 === 0.71 ===

27 0.7z 1.0¢ 0.51

28 1.45 1.16 1.43 0.60

* A375: malignant melanoma, SK-OV-3: ovarian caarima, Eca-109: esophageal carcinoma, BGC-823: gastaircinoma.
A preliminary analysis showed that no statisticalignificant results could be obtained for the veheét. Therefore,

we divided the molecules in two subsets denotednd IB. Figure 2 and Table 4 show the group IA olaeaules
and Fig. 3 and Table 5 show the group IB. Note sbateB-carbolines belong to both subsets.

O N

Ry

~

. J

Figure 2. Structure of molecules of group IA oB-carbolines.

Table 4. Molecules of group IA off-carbolines.

Mol. Ry R,

13 -H -CH,C¢Hs

14 -H -CHs

15 -H -CoHs

16 -H n-CqHy

17 -H n-GsH1z

18 -H n-CGgH17

19 -H n-CycHo1

2C -H -p-CH,CeH4F
21 -H -m-CH,CsH,Cl
22 -H -p-CFbCSHANOZ
23 | H ~(CH2),Cobls
24 -H -(CH;)3CeHs
25 -CH -CH,CsHs

26 -GHs -CH,CgHs

27 P-CeHsOCH; | -CH,CgHs

28 -GHsS -CHCsHs
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Figure 3. Structure of molecules of group IB ofi-carbolines.

Table 5. Molecules of group IB of3-carbolines.

Mol. R: R>
1 -CHs -H

2 -GHs -H

3 | -CH(CH), H

4 -CH.CH=CH, -H

5 n-GHy -H

6 | -CHCH(CHy), | H

7 n-GHiz -H

8 n-GH17 -H

9 -CH,CsHs -H

10 P-CH,CeHAF -H

11 m-CH,CsH,Cl -H

12 ‘p'CHZCﬁH[LOC'_b -H

13 -(CH)3CsHs -H

20 +(CH)sCeHs -H

21 -(CHy)sCsHs -H

22 -(CH)3CeHs -H

25 -(CH)3CeHs -CHs
26 +(CH)sCeHs -CoHs
27 -(CH)3CeHs -p-CeHsOCHs
28 | «(CHb):CeHs CiHsS

METHODS, MODELS AND CALCULATIONS

We carried out all the numerical calculations witle same methodology usually employed in this Usitefly,
geometries were fully optimized and a single poaitulation was performed with the Gaussian prodr00]. The
local atomic reactivity indices were calculatednfréhe single point log file with the D-Cent-QSARftsaare with
correction of the anomalous electron populatioss Sometimes are produced by the Mulliken poputatinalysis
[101, 102]. The cationic form was used for all cédtions. Orientational parameters were calculatedisual [58,
59]. For both, groups IA and IB, a common skelet@s defined. They are depicted in Figs. 4 and 5.
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Figure 4. Common skeleton for group IA off-carbolines.
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Figure 5. Common skeleton for group 1B of-carbolines.

For each group and cell line a Linear Multiple Resgion Analysis (LMRA) was carried out with the t&tica

software [103]. The dependent variable is logfl@nd the dependent ones are the set of LARIs bilgrto the

corresponding common skeleton. Note that in thigl kif model statistics is employed as a servantramdas a
queen [104]. It is worth to mention that the metlsadcessfully works if and only if every moleculetee set exerts
its ultimate biological activity throughout the sammechanism or mechanisms. A detailed explanatiothe

building of the matrix for LMRA is given in othelpers [80, 105].

RESULTS

The final equations relate thariation of the cytotoxicity through the family of molecslevith the simultaneous
variation of one or more local atomic reactivity indices.ushany index making a constant contribution wit n
appear in the equation. Given that no significamtelations were detected between the independeidbles, the
Tables showing the squared correlation coefficidatsthe variables appearing in the various equatiare not
shown (they are available on request).

Results for the MCF-7 Cell Line
Group IA results
The equation obtained was:

log(IC,,) = 0.66+ 21.86, LUMO )* 0.008)+ 1.25, HOMO- 2)* o
-2.74F, HOMO- 2)*
with n=15, R=0.96, R=0.93, adj-R=0.90, F(4,10)=31.43 (p<0.000001), SD=0.10. Noierglwere detected and no

residuals fall outside the #2imits. Here, E(LUMO)* is the Fukui index of the lowest vacant M@calized on
atom 6, §'° is the total atomic nucleophilic superdelocalifighbf atom 10, Fg(HOMO-2)* is the Fukui index of

)
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the third highest occupied MO localized on atormafhl R(HOMO-2)* is the Fukui index of the third occupi&tO

localized on atom 8. Table 6 shows the beta cadeffts and the results of the t-test for signifieo€ coefficients.
Fig. 6 displays the plot of observed. calculated log(lG,) values. The associated statistical parameteisqoR2
indicate that this equation is statistically siggaht and that the variation of the numerical vadfi@ group of four
local atomic reactivity indices of atoms of the goon skeleton explains about 90% of the variationthaf
cytotoxicity.

Table 6. Beta coefficients andttest for significance of coefficients in Eq. 2.

Beta [ t(10) [ p-level
F,(LUMO)* 0.83 | 8.97 | <0.00000/
3_'; -0.62 | -6.36] <0.00008
F,,(HOMO-2)* 0.39 | 4.09 | <0.002
FB(HOMO— 2)* -0.29 | -2.91| <0.02
22
20 o

18
16 .

14 0
12
1.0 .

0.8

Observed log(ICsp) Values

0.6 o ey

04¢-

0.2 5
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 22

Predicted log(ICs) Values
Fig. 6. Observedvs. calculated values (Eq. 2) of log (I6). Dashed lines denote the 95% confidence interval.

Group IB results

With the whole set (n=18) it was not possible ttagba statistically significant equation. Employia methodology
that gave good results in other studies, we disthtthe molecule having the smallest cytotoxicityithAthis
reduced set we obtained the following equation:

log(IC,,) = 5.15+ 28.75) (UMO )* 2.76;, LUMO )* 0.000%,+

3)
+1.0Q" - 0.148), (LUMO+ 1)*

with n=17, R=0.97, B=0.95, adj-R=0.93, F(5,11)=41.90 (p<0.000001) and SD=0.10. hitiers were detected and
no residuals fall outside the ¢2imits. Here, S:'( LUMO* is the nucleophilic superdelocalizability of trsviest

vacant MO localized on atom 4;,,(LUMO)* is the Fukui index of the lowest vacant MO locadizon atom 14,

max

@, is the orientational parameter of the Substituent,Qy " is the maximal amount of electronic charge atom 9

may receive andSL'\é( LUMO+1)* is the nucleophilic superdelocalizability of thecend lowest vacant MO

localized on atom 18. Table 7 shows the beta aoeffis and the results of the t-test for signifemof coefficients.
Fig. 7 displays the plot of observed. calculated log(lGy) values. The associated statistical parametesqof3
indicate that this equation is statistically sigraht and that the variation of the numerical vadfi@ group of five
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local atomic reactivity indices of atoms of the aoon skeleton explains about 93% of the variationthef
cytotoxicity.

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

Beta | t(11)| p-level
N * 0.85 | 9.12 | <0.00000%
S (LUMO

* -0.48 | -5.58| <0.0002
F..(LUMO)
% -0.59 | -7.44| <0.00001

max 0.26 | 3.13| <0.01
9

18

16

1.4

12

1.0

0.8

Observed log(ICsp) Values

0.6

0.4

0.2 -
0.2 0.4 0.6 0.8 1.0 12 14 1.6 18 2.0

Predicted log(ICsp) Values

Figure 7. Observedvs. calculated values (Eqg. 3) of log (1€). Dashed lines denote the 95% confidence interval.

Results for the HepG2 Cell Line
Group IA results
The best equation obtained is:

log(IC,,) = 25.13+ 13.18) [UMO )* 0.000%,+ 3.27, HOMO- 1y* "
—2.875) (LUMO+ 2)*+0.06S! (LUMO)*

with n=15, R=0.99, &=0.98, adj-R=0.97, F(5,9)=85.13 (p<0.000001) and SD=0.09. Niiems were detected and
no residuals fall outside the ¢2mits. Here, S7N( LUMO)* is the nucleophilic superdelocalizability of thmvest

vacant MO localized on atom 7, is the orientational factor of the, Rubstituent,F,;(HOMO-1)* is the
Fukui index of the second highest occupied MO liaed on atom 16,88N( LUMO+ 2)* is the nucleophilic

superdelocalizability of the third lowest vacant M@alized on atom 8 and‘a';( LUMO* is the nucleophilic
superdelocalizability of the lowest vacant MO lapadl on atom 19. Table 8 shows the beta coeffisiand the
results of the t-test for significance of coeffiti® Fig. 8 displays the plot of observesl calculated log(16)
values. The associated statistical parameters .of ltglicate that this equation is statisticallyrsficant and that the
variation of the numerical value of a group of fiegal atomic reactivity indices of atoms of therooon skeleton
explains about 97% of the variation of the cytotiyi
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Table 8. Beta coefficients and-test for significance of coefficients in Eq. 4.

Beta | t(9) p-level
0.83 15.77 <0.0000001
S’ (LUMO*
% -0.55 | -10.44| <0.000002
2
FIG(HOMO _1) * | 0.63 10.72 | <0.000002
-0.33 | -5.65 <0.0003
S (LUMO+2)*
N * 0.20 3.90 <0.004
S, (LUMO
2.2 ”
20 e
1.8
3
>
g 1o .
g_)% 1.4 ’
3 o
2
® 1.0 Ll e
5 s
0.8 oS
. ee
0.6 ‘
0.4 =
0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

Predicted log(ICs) Values

2.2

Fig. 8. Observedvs. calculated values (Eq. 4) of log (I6). Dashed lines denote the 95% confidence interval.

Table 9. Beta coefficients and-test for significance of coefficients in Eq. 5.

|

Beta | t(13) p-level

% -0.82 | -10.09| <0.000000
1

0.70 | 8.11 <0.000002
S'(LUMO*

-0.51| -5.21 <0.0002
s
F4(HOMO—2)* 0.23 | 3.27 <0.006

Group IB results
The best equation obtained is:

log(IC,,) =10.49- 0.0002,,+ 33.62' LUMO )* 0.53,+ 1.68 HOMO- Z(5)
with n=15, R=0.99, R=0.98, adj-R=0.97, F(5,9)=85.13 (p<0.000001) and SD=0.09. Nitieve were detected and
no residuals fall outside the «2limits. Here, ¢, is the orientational parameter of the Rubstituent,

Sg‘( LUMO)* is the nucleophilic superdelocalizability of theest vacant MO localized on atom &, is the

local atomic hardness of atom 18 ahg(HOMO-2)* is the Fukui index of the third highest occupie®M

localized on atom 4. Table 9 shows the beta caeffis and the results of the t-test for significao€ coefficients.
Fig. 9 displays the plot of observed. calculated log(lGy) values. The associated statistical parametesqo
indicate that this equation is statistically siggaht and that the variation of the numerical vadfi@ group of four
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local atomic reactivity indices of atoms of the aoon skeleton explains about 97% of the variationthef
cytotoxicity.

2.0
18 o .
1.6
14 o«
1.2 Y

1.0 i

Observed log(ICsp) Values

0.6

0.6 0.8 1.0 12 1.4 1.6 18 2.0

Predicted log(ICs) Values

Fig. 9. Observedvs. calculated values (Eq. 5) of log (I6;). Dashed lines denote the 95% confidence interval.

Results for the 22RV1 Cell Line
Group IA results
The best equation obtained is:

log(IC,,) = -3.85+ 0.7F,, HOMO—- 2)% 20.85) [UMO )% 51.2@,+ (

6)
+0.335% (HOMO- 2)*

with n=18, R=0.97, B&=0.94, adj-R=0.92, F(4,13)=47.88 (p<0.000001) and SD=0.11. hitiers were detected and
no residuals fall outside the ¢2imits. Here, F;(HOMO—2)* is the Fukui index of the third highest occupied

MO localized on atom 17,33N( LUMO* is the nucleophilic superdelocalizability of thewest vacant MO

localized on atom 95, is the local atomic softness of atom 9 aff( HOMO-2)* is the electrophilic

superdelocalizability of the third highest occupM@® localized on atom 11. Table 10 shows the betfficients
and the results of the t-test for significance oéficients. Fig. 10 displays the plot of obserwed calculated
log(ICsp) values. The associated statistical parameteEqo6 indicate that this equation is statisticalignificant
and that the variation of the numerical value afraup of four local atomic reactivity indices ofoats of the
common skeleton explains about 92% of the variatioie cytotoxicity.

Table 10. Beta coefficients antttest for significance of coefficients in Eq. 6.

Beta| t(10)| p-level
F,(HOMO-2)* 0.35| 3.20| <0.009
SgN( LUMO) * 0.91| 7.64| <0.00002
S 0.66 | 5.23| <0.0004
%El( HOMO- 2)* 0.42| 3.54| <0.005
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Fig. 10. Observedys. calculated values (Eq. 6) of log (I6). Dashed lines denote the 95% confidence interval.

Group IB results
The best equation obtained is:

log(IC,,) = 7.20+ 22.08) (UMO )* 0.48,,+ 0.08 [UMO+ 2)* -
~0.0000%, - 0.46,, KOMO~- 2)*

with n=17, R=0.95, &=0.90, adj-R=0.86, F(5,11)=20.38 (p<0.00003) and SD=0.08. Nitievs were detected and
no residuals fall outside the ¢2imits. Here, SQN( LUMO* is the nucleophilic superdelocalizability of trosviest

vacant MO localized on atom 97, is the local atomic hardness of atom 1S (LUMO+2)* is the
nucleophilic superdelocalizability of the third lest vacant MO localized on atom 4, is the orientational

parameter of the Rsubstituent andF,o(HOMO=-2)* is the Fukui index of the third highest occupie®M

localized on atom 19. Table 11 shows the beta iwiefts and the results of the t-test for significa of
coefficients. Fig. 11 displays the plot of observesl calculated log(lg) values. The associated statistical
parameters of Eq. 7 indicate that this equatistasstically significant and that the variationtb& numerical value
of a group of four local atomic reactivity indice$ atoms of the common skeleton explains about &6%he
variation of the cytotoxicity.

Table 11. Beta coefficients andtest for significance of coefficients in Eq. 7.

Beta | t(11)| p-level

SgN ( LU Mq * 0.82 | 6.14 | <0.00007
-0.67 | -6.06| <0.0000§
Tho

SN ( LUMO+ 2) * 0.58 4.30 <0.001
7
% -0.34 | -3.44| <0.006

Flg(HOMO—Z)* -0.28 | -2.55| <0.03
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Fig. 11. Observedrs. calculated values (Eq. 7) of log (16). Dashed lines denote the 95% confidence interval.

Results for the HT-29 Cell Line

Group IA results

With the whole set (n=16) it was not possible tbagba statistically significant equation. When discarded the
molecule having the smallest cytotoxicity, we obéal the following equation:

log(IC,,) =1.68- 1.6@°, HOMO- 2)% 33.485, (HOMO)* 0.08% (LUM® 1)* "
+0.0025)!

with n=15, R=0.96, R=0.92, adj-R=0.88, F(4,10)=20.38 (p<0.0002) and SD=0.16. Ndierstwere detected and
no residuals fall outside the ¢2imits. Here, SlE7( HOMO-2)* is the electrophilic superdelocalizability of the

third highest occupied MO localized on atom QEO( HOMO* is the electrophilic superdelocalizability of the
highest occupied MO localized on atom ]Sf;( LUMO+1)* is the nucleophilic superdelocalizability of the

second lowest vacant MO localized on atom 18 Sﬁ‘pis the nucleophilic superdelocalizability of atd@h. Table

12 shows the beta coefficients and the resultbef-test for significance of coefficients. Fig. di8plays the plot of
observedss. calculated log(lG) values. The associated statistical parameteExjoB indicate that this equation is
statistically significant and that the variationtb& numerical value of a group of four local atomgactivity indices
of atoms of the common skeleton explains about 88%e variation of the cytotoxicity.

Table 12. Beta coefficients andtest for significance of coefficients in Eq. 8.

Beta | t(10)| p-level

SlN 0.29 | 3.08 | <0.01
4
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Fig. 12. Observedrs. calculated values (Eq. 8) of log (1€). Dashed lines denote the 95% confidence interval.

Group IB results
For the whole set (n=17) no satisfactory equati@s wbtained. Using the same procedure used befodeafter
extracting two molecules from the set, the follogvequation was obtained:

log(IC,,) = 6.98+ 31.88) (UMO )* 0.5&, (UMO+ 2)* 0.00Q4, + o
+0.84F,. LUMO+ 2)*

with n=15, R=0.96, R=0.93, adj-R=0.90, F(4,10)=32.67 (p<0.00001) and SD=0.11. Nitievs were detected and
no residuals fall outside the ¢@imits. Here, Sg'( LUMO)* is the nucleophilic superdelocalizability of thmvest

vacant MO localized on atom &,,(LUMO +2)* is the Fukui index of the third lowest vacant Ms2dlized on

atom 19,¢, is the orientational parameter of the fibstituent and=,.(LUMO + 2)* is the Fukui index of the

third lowest vacant MO localized on atom 15. TabBshows the beta coefficients and the resulthefttest for
significance of coefficients. Fig. 13 displays thiet of observedss. calculated log(lG,) values. The associated
statistical parameters of Eq. 9 indicate that #gsiation is statistically significant and that teriation of the
numerical value of a group of four local atomicatdaty indices of atoms of the common skeletonlakgs about
90% of the variation of the cytotoxicity.

Table 13. Beta coefficients antttest for significance of coefficients in Eq. 9.

Bete | t(10) | p-level
0.80 | 7.94 0.00001
SQN (LUMO* <

F]_g(LU MO + 2) x | -0.35| -3.66| <0.004
G 039 | 425 <0.002

F15(LUMO+2)* 0.27 | 2.85| <0.02
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Fig. 13. Observedss. calculated values (Eq. 9) of log (16). Dashed lines denote the 95% confidence interval.

Results for the 769-P Cell Line
Group IA results
It was not possible to obtain any statisticallyngigant equation for this set of molecules.

Group IB results
The best equation obtained is:

log(IC,,) = 0.90+ 13.9E, HOMO- 2)* 1.6E, KIOMO )* 1.68, KUMO )*

E (10)
-0.805, (HOMO- 2)*

with n=18, R=0.96, B&=0.92, adj-R=0.90, F(4,13)=38.51 (p<0.000001) and SD=0.11. hitiers were detected and
no residuals fall outside the ¢2imits. Here, F,(HOMO-2)* is the Fukui index of the third highest occupied

MO localized on atom 7F,;(HOMO)* is the Fukui index of the highest occupied MO laeal on atom 16,

F,(LUMO)* is the Fukui index of the lowest vacant MO locetizon atom 17 an&; ( HOMO-2)* is the

electrophilic superdelocalizability of the thirdghiest occupied MO localized on atom 4. Table l4sshihe beta
coefficients and the results of the t-test for gigance of coefficients. Fig. 14 displays the ptitobservedvs.
calculated log(lG,) values. The associated statistical parameteExofl0 indicate that this equation is statistically
significant and that the variation of the numeriealue of a group of four local atomic reactivibdices of atoms of
the common skeleton explains about 90% of the tranaf the cytotoxicity.

Table 14. Beta coefficients antttest for significance of coefficients in Eq. 10.

Beta | t(13)| p-level

F7(HOMO_ 2)* 0.70 | 8.76 | <0.000001
FlG(HOMO) * -0.63 | -7.60| <0.000004
F17(LUM0) * -0.35| -4.20| <0.001
S4E( HOMO- 2) % | -0.29 | -3.70| <0.003

92
Available online at www.scholarsresearchlibrary.com



Fernando Gatica-Diaz and Juan S. Gomez-Jeriat al J. Comput. Methods Moal. Des., 2014, 4 (4):79-120

18

Observed log(ICsp) Values

0.4 0.6 0.8 1.0 1.2 1.4 1.6
Predicted log(ICsp) Values

Fig. 14. Observedss. calculated values (Eq. 10) of log (1€5). Dashed lines denote the 95% confidence interval.

Results for the A375 Cell Line
Group IA results
The best equation obtained was:

log(IC,,) = 4.37- 0.008), + 0.48,— 0.98, KIOMO- 2)* 6.0F, L(UMG- 1y
+4.52F LUMO+ 2)*

11)
with n=13, R=0.98, R=0.95, adj-R=0.92, F(4,7)=29.64 (p<0.0001) and SD=0.10. Noienstlwere detected and no
residuals fall outside the #dimits. Here, SR)I is the nucleophilic superdelocalizability of atd®, £/, is the local
atomic electronic chemical potential of atomﬁ%( HOMO-2)* is the electrophilic superdelocalizability of the
third highest occupied MO localized on atom 1%, (LUMO+1)* is the Fukui index of the second lowest

vacant MO of atom 14 anff,(LUMO + 2) * is the Fukui index of the third lowest vacant Mfdlized on atom

16. Table 15 shows the beta coefficients and theltsof the t-test for significance of coefficienFig. 15 displays
the plot of observeds. calculated log(IG) values. The associated statistical parameteEsjofl1 indicate that this
equation is statistically significant and that tveriation of the numerical value of a group of fikeal atomic
reactivity indices of atoms of the common skelet@plains about 92% of the variation of the cytotibyi

Table 15. Beta coefficients anttest for significance of coefficients in Eq. 11.

Beta | t(7) p-level
SAN -0.57 | -5.66| <0.0008§
0

0.34 | 3.88 | <0.0060
Hs

S.E ( HOMO_ 2) * -0.59 | -6.14| <0.000%
7

|:14( LUMO + 1) * -0.40 | -4.43| <0.003
FlG(LUMO + 2)* 0.35 | 344 | <0.01
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Fig. 15. Observedss. calculated values (Eq. 11) of log (I€). Dashed lines denote the 95% confidence interval.

Group IB results
The best equation obtained was:

log(IC,,) =5.17- 0.008 - 0.0002,—- 0.32,+ 13.89.+ 085 LUMOr 2)
+0.76F, (HOMO- 1)*
(12)

with n=19, R=0.96, R=0.93, adj-R=0.89, F(6,12)=26.52 (p<0.000001) and SD=0.11. hitiers were detected and
no residuals fall outside the ¢2imits. Here, S}' is the nucleophilic superdelocalizability of atein¢, is the

orientational parameter of the Bubstituent/}, is the local atomic hardness of atom € is the net charge of
atom 16,Sﬂ( LUMO+ 2)* is the nucleophilic superdelocalizability of therdl lowest vacant MO localized on

atom 14 andF,(HOMO=-1)* is the Fukui index of the second highest occupi& localized on atom 9. Table

16 shows the beta coefficients and the resultkef-test for significance of coefficients. Fig. di§plays the plot of
observedss. calculated log(lG) values. The associated statistical parameteEsjofl2 indicate that this equation is
statistically significant and that the variationtbé numerical value of a group of six local atomgactivity indices
of atoms of the common skeleton explains about 89%e variation of the cytotoxicity.

Table 16. Beta coefficients anttest for significance of coefficients in Eq. 12.

Beta | t(12)| p-level

SN -0.53 | -6.32| <0.00004
4

% -0.76 | -7.58| <0.00001

n -0.33 | -3.43| <0.005
18

Q 0.23 | 3.00 | <0.01
16

FQ(HOMO—l)* 0.25 | 2.76 | <0.02
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Fig. 16. Observedss. calculated values (Eq. 12) of log (1€5). Dashed lines denote the 95% confidence interval.

Results for the SK-OV-3 Cell Line
Group IA results
After eliminating one molecule from the set, thédwing equation was obtained:

log(IC,,) =14.42+ 0.0000%,- 2.16,+ 2.£2,HOMO  (13)

with n=11, R=0.98, R=0.96, adj-R=0.95, F(3,7)=60.93 (p<0.00002) and SD=0.07. Ndierstwere detected and
no residuals fall outside the ¢dimits. Here, ¢, is the orientational parameter of the Substituent/7,, is the

local atomic hardness of atom 21 ahg,(HOMO)* is the Fukui index of the highest occupied MO lzeal on

atom 22. Table 17 shows the beta coefficients hedrésults of the t-test for significance of coméfints. Fig. 17
displays the plot of observed. calculated log(IG) values. The associated statistical parameteEsjofl3 indicate
that this equation is statistically significant atiét the variation of the numerical value of augraf three local
atomic reactivity indices of atoms of the commoelsion explains about 95% of the variation of t@xicity.

Table 17. Beta coefficients antttest for significance of coefficients in Eq. 13.

Beta | t(7) p-level
0.52 | 6.47 | <0.0003

s
-0.67 | -7.77| <0.0001
71
x | 0.33 | 4.22 <0.004
F,,(HOMO)
2.0
18
o 16
g
S
> 14 K
= Rl i
_87 1.2 ° /’/.".'
T °.. "./
> 10
& 25
o
©o08f .
0.6 ,"‘
0.4
0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

Predicted log(ICso) Values
Fig. 17. Observedss. calculated values (Eq. 13) of log (1€5). Dashed lines denote the 95% confidence interval.
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Group IB results
The best equation was:

log(IC,,) = 8.33- 0.0008), - 0.3&, HOMO- 1)* 0.00g +

14
+0.92F, HOMO - 1)*-27.4GQ, =

with n=19, R=0.95, R=0.90, adj-#=0.86, F(5,13)=23.74 (p<0.000001) and SD=0.12. hitiers were detected and

no residuals fall outside the &2limits. Here, ahi is the nucleophilic superdelocalizability of atoid,

SE;( HOMO-1)* is the electrophilic superdelocalizability of teecond highest occupied MO localized on atom
18, @, is the orientational parameter of the Rubstituent,F;,(HOMO-1)* is the Fukui index of the second

highest occupied MO localized on atom 3 &gl is the net charge of atom 8. Table 18 shows the deefficients

and the results of the t-test for significance oéficients. Fig. 18 displays the plot of obserwed calculated
log(ICsp) values. The associated statistical parameteEgiofi4 indicate that this equation is statisticallynificant
and that the variation of the numerical value afraup of five local atomic reactivity indices ofoats of the
common skeleton explains about 86% of the variatiothe cytotoxicity.

Table 18. Beta coefficients antttest for significance of coefficients in Eq. 14.

Beta | t(13)| p-level
SAN -041| -4.22| <0.001
1
-0.58 | -6.26| <0.00004
Sﬁ( HOMO-1)*
% -0.68 | -5.69| <0.00007
1
F3(HOMO—1)* 0.29 | 3.08 | <0.009
Q -0.32 | -2.75| <0.02
8
1.8
1.6
8 14 o2
3 -
g )
> g,‘ .
L_l)n 1.2 -
> o o
o S
- 1.0 e .
o
o ot ®
3 S e
g os
e )
0 °
0.6
e
0.4
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Fig. 18. Observedss. calculated values (Eq. 14) of log (1€5). Dashed lines denote the 95% confidence interval.
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Results for the Eca-109 Cell Line
Group IA results

log(IC.,) = -11.55+ 58.56, (UMO+ 2)* 6.68) (UMO )* 3.58, HOMO- 1
+31.4%F,, LUMO )*
(15)

with n=16, R=0.96, B=0.93, adj-R=0.90, F(4,11)=36.09 (p<0.000001) and SD=0.13. hitiers were detected and
no residuals fall outside the ¢2imits. Here, F;(LUMO + 2)* is the Fukui index of the third lowest vacant MO

localized on atom 881%( LUMO)* is the nucleophilic superdelocalizability of thaviest vacant MO localized on
atom 10, F,(HOMO-1)* if the Fukui index of the second highest occudi¢@ localized on atom 16 and

F.(LUMO)* is the Fukui index of the lowest vacant MO locadizon atom 11. Table 19 shows the beta

coefficients and the results of the t-test for gigance of coefficients. Fig. 19 displays the ptitobservedvs.
calculated log(lG,) values. The associated statistical parameteExofl5 indicate that this equation is statistically
significant and that the variation of the numeriealue of a group of four local atomic reactivibdices of atoms of
the common skeleton explains about 90% of the tranaf the cytotoxicity.

Table 19. Beta coefficients atiest for significance of coefficients in Eq. 15.

Beta | t(11)| p-level
F,(LUMO +2)* | 087 948] <0.0000]
8

%N( LUMQ* 0.63 | 7.45| <0.00001
0
E (HOMO—].)* 0.79 | 7.39| <0.00001
16
E (LUMO)* 0.47 | 4.76 | <0.0006
11
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18 o 7
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Fig. 19. Observedss. calculated values (Eq. 15) of log (I€). Dashed lines denote the 95% confidence interval.

Group IB results
No statistically significant equation was obtairiedthis group.

97
Available online at www.scholarsresearchlibrary.com



Fernando Gatica-Diaz and Juan S. Gomez-Jeriat al J. Comput. Methods Moal. Des., 2014, 4 (4):79-120

Results for the BGC-823 Cell Line
Group IA results
The best equation obtained was:

log(IC,,) =140.23 1422.7@,- 1.Bf, HOMO- 1 19.53 LUMO+ Y
~0.667,

with n=16, R=0.96, B=0.93, adj-R=0.90, F(4,11)=36.09 (p<0.000001) and SD=0.13. hitiers were detected and
no residuals fall outside the ¢2imits. Here, Q, is the net charge of atom &;( HOMO-1)* is the

electrophilic superdelocalizability of the secorighest occupied MO localized on atom 16,(LUMO +1)* is

the Fukui index of the second lowest vacant MOllzed on atom 16 andj, is the local atomic hardness of atom

8. Table 20 shows the beta coefficients and thealteesf the t-test for significance of coefficientg. 20 displays
the plot of observeds. calculated log(IGy) values. The associated statistical parameteExjofl6 indicate that this
equation is statistically significant and that thegiation of the numerical value of a group of fdacal atomic

reactivity indices of atoms of the common skelet@plains about 90% of the variation of the cytotityi

Table 20. Beta coefficients antttest for significance of coefficients in Eq. 16.

Bete | t(10) | p-level
Q 1.19 | 9.79 | <0.000001
2

S.EG( HOMO_].)* -0.80 | -6.21| <0.0001

|:16(|_U MO +1)* 054 | 4.34 | <0.001
n, -0.27 | -2.44| <0.03
8

2.2

2.0
18 K3

16 s e |
14

1.2 ‘p"'

Observed Values

1.0 o e
0.8
06 el L

04"

0.2 -
0.2 0.4 0.6 0.8 1.0 1.2 1.4 16 18 2.0
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Fig. 20. Observedss. calculated values (Eq. 16) of log (I€). Dashed lines denote the 95% confidence interval.

Group IB results
The best equation obtained is:

log(IC,,) = 21.11- 0.000@,+ 30.72,+ 186.Q}- 1745 1R8HOQMO (17)

with n=17, R=0.94, R=0.88, adj-R=0.82, F(5,11)=15.59 (p<0.0001) and SD=0.20. Ndierstwere detected and
no residuals fall outside the ¢dimits. Here, ¢, is the orientational parameter of the Rubstituent,S; is the

local atomic softness of atom 1@, is the net charge of atom &, is the local atomic softness of atom 10 and
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Fs(HOMO)* is the Fukui index of the highest occupied MO lazeal on atom 16. Table 21 shows the beta

coefficients and the results of the t-test for gigance of coefficients. Fig. 21 displays the ptdtobservedvs.
calculated log(lG,) values. The associated statistical parameteExofL7 indicate that this equation is statistically
significant and that the variation of the numeriealue of a group of five local atomic reactivitydices of atoms of
the common skeleton explains about 82% of the tranaf the cytotoxicity.

Table 21. Beta coefficients anttest for significance of coefficients in Eq. 17.

Beta | t(11) | p-level

% -0.48 | -3.79| <0.003
% 0.55 474 <0.00]]
.
Q 0.54 3.86 <0.003
4
% -0.30 | -2.73| <0.019
0
FlG(HOMO)* -0.36 | -2.43| <0.033
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Fig. 21. Observedss. calculated values (Eq. 17) of log (1€5). Dashed lines denote the 95% confidence interval.
DISCUSSION

Molecular Electrostatic Potential (MEP)
As all the molecules are in their cationic formeyhare surrounded by a positive MEP. Figures 22 2gdhow,
respectively, the MEP distribution of molecule 244 A of the nuclei and at an isovalue of 0.02§.1107].
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Figure 23. MEP map of molecule 21 at an isovalue 6£02. The upper left figure was rotated 90° to shwothe entire surface.

This kind of MEP distribution is characteristic wilecules possessing a positive net charge. lbtigpassible to
build any relationship between MEP and cytoxicity th is possible to suggest that in the active #itre should be
negatively charged residues (carboxylate) or negétins to neutralize the molecule’s MEP.

Conformational flexibility

In the case of group IA the chain joining N9 wiithg D allows a high degree of conformational flekif. For
group IB ring D has less conformational flexibilgjnce it is connected to ring B only by a £gtoup. We do not
know the real conformation of these molecules @ riitoment when they exert their biological actioze(below).
As examples of this conformational flexibility wamv in Fig. 24 the superimposition of the ten loivesergy
conformers of molecules 1, 13, 23 (this molecule &4CH), linker between rings C and D) and 24 (this molecul
has a (CH); linker between rings C and D). They were calcdatih MarvinView software and with the Dreiding
Force Field. The superimposition process was ahoig with Hyperchem [108, 109].
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Figure 24. Superimposition of the ten lowest energgonformers of molecules 1 (upper left), 13 (uppeight), 23 (lower left) and 24 (lower

right).

Despite the fact that ring D can adopt several @onétions in groups IA and IB, in the LRMA analysie have
worked with the hypothesis that these rings adoptrg similar position at the interaction site. Tiesults shown
below strongly indicate that this idea seems ttribe.

QSAR results

In all the ensuing discussions we shall employagable-by-variable analysis. This approach presié good
insight on the main molecular-electronic factorgoived in the biological process. In the ensuingcdssion the
concept of “local molecular orbital” will be empleg. For atom i, the set of its local molecular taisiis formed by
those MO localized on it. For exampléHOMO—Z)ll* refers to the third highest occupied MO localized

atom 11. Tables 22 to 25 show the local MO strigcfar several atoms belonging to group IA. The nocteture
is: Molecule (HOMO) / (HOMO-2)* (HOMO-1)* (HOMO)* {LUMO)* (LUMO+1)* (LUMO+2)*.

Table 22. Local MO structure of atoms 6 to 8 of grop IA.

Mol.

Atom 6

Atom 7

Atom 8

13(100)

9@97198r-1021105n106n

94197198r1-101n1027105n

95196n971-101n1027105n

14(30)

767 7n78n-82183n84n

76n77n78n-81n82n83n

74n76n7 7n-81n82n83n

15(84)

8@81n84n-86n87190r

80r81184n-85n86n8 7n

76n80n81n-85n86n8 7n

16(92)

88n89m92r-94n95198r

88189n92n-93n94n95n

83188n89n-93n94n95n

17(100)

9@971100t-101r1027103¢

96m971100t-10121027103c

88196n971-101n1027103c

18(108)

104105t1087-109t110c111n

101r105t1087-109t1100111n

941101n105n-1097110e111n

19(116)

1121131116n-1172118t11%

11271130116t -1172118t119c

1081112r113r-11770118t115n

20(104)

10@102r1047-1051106n109

981100r1041-1051106t109

981100r1027-10511 067109

21(108)

10210471087-10971100113e

102110471087-109t110011 3¢

99102t1047-1097110t113e

22(111)

1031081111n-1142116n1200

102r108t111n-1121114n1 160

98110271108r-112111411 15t

23(104)

989911041-105t106n107n

991102r1041-105n106t1071

92198r991-1051106n10 71

24(108)

102103r1077-1097110c111n

103r105t1072-109t110c111n

96m102t103r-1097110c111n

25(104)

10%102r1031-105t106n108t

102r1031104r-105t106t10%n

98t 991101n-1051106n107n

26(120)

116119%120n-121n1221123

1151119%1208-121n1 2211260

1136115t116n-121n1220123

27(128

124r126n128t-1291130t13 1t

122r126n1281-129t1 3011340

122112311281-129t130t131n

28(121)

117120t121n-1222123t1 240

113r120n121n-12211 2301260

1151116111 71-1221123t1 240
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Table 23. Local MO structure of atoms 9-11 of groupA.

Mol.

Atom 9

Atom 10

Atom 11

13(100)

94981100t -101r102t105¢

94197198r1-101n1021105t

956971981-101r1021103

14(80)

7@ 78180r-81182183n

76n77n78n-81182183n

76n77n78n-81182183n

15(84)

7 #80n84n-85n86n8 7n

80n81184n-85n86n8 7n

80n81184n-85186n8 7n

16(92)

8@88n92r1-93n94n95n

881t89n92n-93n94n95n

88189n92n-93n94n95n

17(100)

8%96r100t-101r1021103t

96r971100t-10121027103¢

96r971100t-10121027103

18(108)

97101r108t-1091110r11 1

101r10511087-109t110n11dn

101r105t1081-109110n11dn

19(116)

107#108t116n-1172118t119%

112011311167-1171118t115e

108111271167-1171118t119n

20(104

96n98r104r-105t10611 09t

98r100r104r-1051106t109t

98r100r104r-105110611070

21(108)

98102t108r-1091110r11 3t

102110471087-109t110r11 3t

102r1042108t-109110n111s

22(111)

108102111 1n-1122114nl 16

102r108t111n-1121114n1150

1021108711 1n-11211 1401160

23(104)

981021104r-1051106t107r

9819911041-105t106n107n

9819911041-105t106n107n

24(108)

102105t1077-1097110t1 110

102r103t107n-109t110n111n

102r103t107n-109110n11dn

25(104)

102103r104r-10511067109

991101n103r-10511067109

1021103t104r-105t106m108t

26(120

1127119120n-121n12271 26

115t1161119n-121n1221123t

115t119120n-121n12211236

27(128)

1251261128t1-129t130t134n

12311241128r-129t130n132n

1221126561281-1291130r1 315

28(121)

113120t121n-1221123t1 26

1161117n120n-1221123n1 240

1161120t121n-122112311 240

Table 24. Local MO

structure of atoms 14, 16 and 13f group IA.

Mol.

Atom 14

Atom 16

Atom 17

13(100)

949851005-10651076112

93069451005-1076118511%

94598r100rt-106t10771 08t

14(80)

76&785805-850690091c

75676068005-850945960

76078n80n-85186n88n

15(84)

7$800845-93094095¢

785790830-880689%926

7982183n-88189190r

16(92)

86885925-103510551060

860875915-965975100

87690n91n-96m9 7n98n

17(100)

959651005-111511361140

92698599-104510551060

92698n99n-10411 051106t

18(108)

9610151085-119%12165122

9609761075-112511361160

97610611071-11211131114n

19(116)

10810761165-127612%130

101610251155-120512151240

102114r1151-1200121n122

20(104)

969851040-117611%120

101610251035-109%11051115

97610171031-110r111n112¢

21(108)

9810251085-12151225123

98599%1075-114511%1305

99%10511071-11411151116¢

22(111)

10610251115-11761251270

1005101651105-117612251336

1016109t110t-117n1187119%

23(104)

969851040-1165117611%

9609761036-11451205123

976100t103r-108t1091110r

24(108)

98$10251075-1205121651225

98099%1060-11251136118

1047105t1067-112t113t114n

25(104)

969851040-110511461160

9609751040-111511551215

102r1031104r-111n11201236

26(120)

11811461205-128513351360

110511161205-128512%513 70

1116119120t-12811293130c

27(128

120512651285-136514151440

1185119%1275-136513761460

126r1271128r-136n13 71138t

28(121)

11811461215-12851351360

111611251215-1285129%1340

11261200121n-12811297130c

Table 25. Local MO

structure of atoms 18, 19 and 2@f group IA.

Mol.

Atom 18

Atom 19

Atom 22

13(100)

989911001-1071108t118

9369911007-107110811180

946991100r-1072108t122¢

14(30)

7&79m80n-85n86n960

76079180n-85n86n960

76079n80n-85n86n960

15(84)

7$821831-881899 70

79%82183n-88n899 70

7982183n-8 7188189

16(92)

86909 1n-95196n9 7n

87690n91n-95196n9 7

87690n91n-95196n9 7

17(100)

9398199r-103110411051

92698n99r-10311 041105t

92698r99n-103t104n105t

18(108)

9610611071-111n112t113n

9761061107-111n1121113¢

976106t1071-111n1122113¢

19(116)

1021141115t-11931201121n

101141115t-1193120t121n

10251141115t-11901200121n

20(104)

10%102r103r-1097110t1 11

101r102r103r-109t110n1 110

101r1027103r-10771109110rn

21(108)

99105t1071-112113t114rn

99%1051107r-11211131114n

99%105t1071-1122113t114n

22(111)

106109t1100-11621177118c

1016109t110t-11671177118c

10151097110t-115n116n117n

23(104)

96100t103t-108t109t110rn

976100t103t-1081109t110rn

976100t103r-108t109t110¢

24(108)

99104r1061-112111311240

99%104r106t-112111311240

99104r106m-1127113t114n

25(104)

10210311041-111n11211240

102r10311041-111n11221240

1021103t104r-110r111n11 2%

26(120)

118119%120r-12871297130c

11811191120r-128t1291130t

11811197120r-128112%9130rn

27(128)

1261271128t-136n13 71138t

126112711281-136n1371138t

12511261127n-136n137n138t

28(121

119t120t121n-12811297130c

119t120t121n-12811291130t

1197120n121n-1281129t130t

Tables 26-28 show the local MO structure for sehaiams belonging to group IB.
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Table 26. Local MO structure of atoms 3, 4 and 7 ajroup IB.

Mol.

Atom 3

Atom 4

Atom 7

1(72)

6%70r71n-73n7 71781

70n71n72n-73n74n7Tn

68n71n72n-73n74n7Tn

2(76)

73t74n75r-77n81n82n

74n75n76n-77n78n81n

72n75n76n-77n78n81n

3(80)

7 H78179n-81n85n86m

76n79180n-81182185n

76n79180n-81182185n

4(79

76n77n78r-80n84n85n

77r78n79m-80n81n84n

7477817 9n-80n81n84n

5(84)

8182rn83n-85189190n

82183n84n-85n86n89n

80n83n84n-85n86n89n

6(84)

8182rn83n-85189m90n

82183n84n-85n86n89n

80n83n84n-85n86n89n

7(92)

8%90n91n-93r9 7198

90r91192r1-93194n9 71

881911921-93194n97n

8(100)

97%98r99r1-101n105t106n

981991100r-101r102t105t

931991100r-101r102t105n

9(92)

8®88n89m-93n94n96n

89191192r1-93194n96n

891911921-931941100t

10(96

92193n94n-97n981101n

94795n96n-9 719811 01n

94795n96n-9 719811 01n

11(100

95197198r-101n1051106T

981991100t-101r1027105¢

971991100t-10121027105¢

12(100)

9596n97n-101r1021105t

97n981991-101n102t105n

94797199-101n1 021105t

13(100)

9%596n971-101n1051106T

96r971981-101n1021105¢

94197198r-101n1 021105t

20(104)

95100t102t-1051109111 2t

98r100r1047-105t106t109

98r100r1047-1051106t10%

21(108)

9@971104r-109111311 16t

102110471087-109t110n11 3t

102110421087-109t110n11 3%

22(111

98r99r108t-112t11611 20t

1051108t111n-1121114n1 16

1027108111 1n-11211 140116

25(104

951991101n-105110811 09t

102r10311041-10511067108t

102710311047-10511067109

26(120)

1141151116n-121n123t1 25t

1170119%120n-121n12211230

11511197120n-121n12211 260

27(128)

12212311247-129:131n132

124112611281-129t130n131n

122112611281-129t130n134rn

28(121)

115116111 77-1221124r1250

117n120n121n-122112311 250

1131120t121n-12211 2311260

Table 27. Local MO

structure of atoms 9, 14 and 16f group IB.

Mol.

Atom 9

Atom 14

Atom 16

1(72

67n68n72n-73n74n7 7

6606 75695-750795800

69n70n7 1n-74n75n76n

2(76)

7I72r76n-77n78n81n

70067165730-795830840

73n74n75n-78r79n80n

3(80)

7576n80n-81n82r85n

7467567 75-826830870

74c77r78r-82n83n84n

4(79)

7475n79n-80n81n84n

726736760-8268758%

76n77n78r1-81182183n

5(84)

78:80n84n-85n86n89n

7567606815-876916926

81n82183n-86n87n88n

6(84)

79:80n84n-85186n89

756766816-876916926

75681182n-86n8 7188

7(92

86n88n921-93n94n97n

826830895-9569951005

81589m90r-94n95196n

8(100)

8%931100r-101r102t105n

880895975-10351076108

8509 7n98r-10211031104r

9(92)

8G191n92r-93n94n9 7

8306856875-9561015103

87n88n89n-94n95n9 6

10(96)

9@95196m-97198r101n

88089%5930-99%1051076

92193194n-981991 00t

11(100)

9799r100r-101r102t1 04

900916975-10351105112%

96n97n98r-1021103t106t

12(100)

94991100r-10121027105¢

916956975-103510%1115

90095196m-10211031104t

13(100

94798r100rt-101r102t1 05t

885900955-103109%1105

88595196m-102r103t104rn

20(104

96n9811041-105t1067109¢

9469501025-106510751085

99110071021-10671071108t

21(108)

98102r108t-109t1107113c

9761005103-110511151170

1031104r106n-110t111n1 128

22(111)

10@102r111n-1127114n116n

98699%105-11351146115

103r105t106n-113t1142115n

25(104)

102103r1047-1051106t109

9469561015-107611361140

99100r101n-1067107w108t

26(120)

112119%120r-121n1227126n

10%511461175-12351245125

115t116n1171-1221123t1 250

27(128

1251126n128r-12911 301134t

116011751245-13151336134c

122t123t124n-131n1321133t

28(121

113r120t121n-1222123t126n

109%1105115-125512651310

116n11711181-12311251127n

MCF-7 Cell Line
Group 1A

Table 6 shows that the relative importance of geetivity indices i~ (LUMO)* > S > F,(HOMO-2)*
>F,(HOMO-2)* (see Fig. 4). A low cytotoxic capacity is assosiatwith high values forF,(LUMO)*
andF,;(HOMO-2)* and with small values foS; andF,(HOMO=2)* (a low cytoxicity means a high i
value). A high value foF,(LUMO)* , ar MO in all molecules (Table 22), suggests that afoisiinteracting with

an electron-rich center. Fig. 25 shows {idJMO)*; of molecules 13, 20, 24 and 28 (see Fig. 4).
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Table 28. Local MO structure of atoms 17-19 of gropi IB.

Mol. Atom 17 Atom 18 Atom 19
1(72) 69707 1n- 75176179 676697 In- 75176179 6970r7 1n-7 4751761
2(76) 73u74n75r-79n80n83n 73n7 4 75n-79n80r83n 73n74n75r-78r7980n
3(80) 7h78n79m-82n83n84n 77n78n79-83n84n8 7n 7467 7n78n-82n83n84n
479 76n77r78r-82n83n87n 76n77rn78r-82n83n87n 73676n7 Tn-81n82rn83n
5(84) 8k82rn83r-87188191n 81n82183n-8 7n88r91n 76081182n-86n8 7881
6(84) 8182rn83r-87188191n 81182183n-8 7n88r91n 76081182n-86n8 7881
7(92) 8%90n91n-95196199n 89190n91-95n96r99n 81689n90r-94195n96m
8(100) 97%98199-103t104r107 97r98r991-103t104710 7 85697198r-102t1031104
9(92) 88:89n190r-95n9619 7n 87188189n-95196r101n 87188n89n-95n9619 7
10096 | 91n93r94n-997100t102¢ 92193rn94n-991102t105¢ 92193rn94n-997100r102%
11(100 | 95t96n98r-103t1067107% 96n97n98r-10311077110n 96rn97n98r-10311061107n
12(100) | 9G97r98r-103t1047106t 9169519 7r-103t1 047109 91695196m-102t103t104t
13(100) | 9796r97r-103t1047109% 9519619 71-103t104710% 90695r96m-102t1 031104t
20(104) | 92101x1027-1077108t110¢ 100t101%1027-1077108r1136 | 99r100r1027-106t1077108t
21(108) | 10@1015106t-111x112t114r | 1015103t106t-111n112¢1175 | 1015103c1067-110r111n11 2t
22(111 | 1050106t1072-113c114x115t | 1046105t1067-113cl115ell7r | 105e106n107r-1130114nl 150
25(104 | 991100t101x-1077108t109% 9911007101n-10611077 108t 9911007101r-1071108t109t
26(120) | 115116t117n-124x125¢1260 | 115011601 170-1227123n124r | 115e116n117r-12301 2421250
27(128) | 122123t1247-130r131n133c | 122712311240-130c131n133c | 1220123t124r-132713411350
28(121) | 116116x1177-1247125¢126% | 116111771187-12311250126t | 117c¢118t119%-124n125t1 260

Figure 25. (LU MO) *6 of molecules 13 (upper left), 20 (upper right), 2glower left) and 28 (lower right).

A high value foF,i(HOMO-2)*, an orc MO (Table 24 and Fig. 26), suggests the possitiraction of the
three highest occupied MOs localized on atom 18 it electron-deficient center. The optimal sitatis a
(HOMO-2),, of x nature.
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Figure 26. (HOMO— 2)18 of molecules 14 (upper left), 17 (upper right), 2Q0ower left) and 25 (lower right).

A low value for 3_'\(‘) indicates that atom 10 should act as a bad eleetcoeptor. This could imply that atom 8 is

interacting with an electron-deficient centdr,(HOMO—2)* will not be discussed because of its high p value
(see Table 6). These ideas are encompassed wdldirhensional (2D) partial pharmacophore showhRigm 27.

ELECTRON-RICH
CENTER

e

ELECTRON-
DEFICIENT CENTER

Q ELECTRON-
| DEFICIENT

CENTER

Figure 27. Partial 2D pharmacophore from Eq. 2.
Group 1B

N
Beta values (Table 7 and Fig. 5) indicate thatrdtative importance of the reactivity indicessr‘é (LUMO* >
# - F,(LUMO)* _ S (LUMO+1)* i

>~9 . A low cytotoxic capacity is associated with higalues
N * max N * *
forS4 (LUMO , <9 andsls( LUMO+1) ; and with low values fOtF14(LUMO) and% . A high value
for S;'(LUMO*, ax MO in all molecules (Table 26), indicates thatnaté interacts with an electron-rich area.

Figure 28 displays théLUMO)j1 of molecules 3, 8, 12 and 27.
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?,J

Figure 28. (LUMO):1 of molecules 3 (upper left), 8 (upper right), 12I¢wer left) and 27 (lower right).

" will not be discussed because of its high p vate (Table 7)(LUMO +1) ,, and (LUMO)',, are ofn

nature in all molecules (Table 28). As a high vadtd LUMO +l) 1 IS associated with low toxicity, we propose
that atom 18 is interacting with an electron-riemter through its two lowest vacant MOs. Atom 14agbon from

*
a CH, group, has only MOs. As a low value is required ng(LUMO) , it is proposed that this atom is
interacting with one or more emptyMOs from a residue of the site. A low value @, suggests that in some

cases molecules are less cytotoxic whensRa methyl or an ethyl group. An important imption of this fact is
that ring D seems to be an extra site for bindsee(Fig. 3 and Table 5). These suggestions arenegsin the

partial 2D pharmacophore shown in Fig. 29.

/ RESIDUE WITH
SIGA MOs
ELECTRON RICH R

ELECTRON R ICH

-]

=

o
z

LOW VALUE FOR
R; OP. PHENYL BINDS
TO EXTRA SITE (?)

Figure 29. Partial 2D pharmacophore from Eg. 3.

HepG2 Cell Line
Group 1A

N *
Beta values (Table 8) indicate that the relativepamteance of the reactivity indices i§7 (LUMO

Fis(HOMO-1)* > e > SBN( LUMO+2)* >Slhsla( LUMO* (Fig. 4). A VbV analysis shows that a low

cytotoxicity is related to high values foFlG(HOMO_l)* andsé%N(LU'v|O+ 2)*; and with low values
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forS7N( LUMO* , Pz andsg( LUMO™ 5 high value for F,s(HOMO-1)*, ac OM in all molecules

(Table 24), suggests that atom 16 is interactinth & region with empty MOs through its first two highest
occupied MOs. Fig. 30 shows, as an example, theMB),s of molecules 14, 18, 23 and 26.

Figure 30. (HOMO—:L)I6 of molecules 14 (upper left), 18 (upper right), 28ower left) and 26 (lower right).

A high value forSaN( LUMO+ 2)*, an MO in almost all molecules (Table 22), stronglggests that atom 8 is

interacting with an electron-rich center throughfitst three lowest vacant MOs. A low value B (LUMO)*,

a negative number in all molecules, is obtainedHtifting downwards the energy of the associatedreiglue. This
implies that atom 7 seems to interact with an ebeetich center. A low value fowg, suggests that the,R
substituent should be small (methyl, ethyl). Thigiies that a CkHphenyl moiety is not absolutely necessary for
activity and that it is interacting with an extiiges A low value forS{;( LUMO*, a negative number, indicates

that atom 19 is interacting with an electron-ricanter. These suggestions are shown in the parfal 2
pharmacophore shown in Fig. 31.

e A
ELECTRON-
RICH LOW
CENTER ORIENTATIONAL
l PARAMETER

1

BT N \ ELECTRON-RICH
CENTER
CENTER

16,

/

\ REGION WITH

EMPTY
SIGMA MOs

Figure 31. Partial 2D pharmacophore from Eg. 4.
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Group 1B
Beta values (Table 9 and Fig. 5) indicate thatrtiative importance of the variables g, > S;_,N( LUMO* >

s> F,(HOMO=-2)*. A VbV analysis shows that a low cytoxicity is esmted with high values for
F,(HOMO-2)* and with low values fog,, S (LUMO* and,,. (HOMO-2)," is an MO (Table 26). A
high value for F,(HOMO-2)* suggests that atom 4 interacts with an electrdiidat site through its three

highest occupied MOs (Table 26). For a low valuegfg, substituents such as methyl, ethyl and the skvera
isomers for GH,.; should be explored. They will not alter apprecgjatiie electronic structure of the A-C ring
system.(LUMO); is ar MO is all molecules (Table 27). A low value f&aN( LUMO* suggests that this atom
should behave as a good electron-acceptor (thexihds negative numerical values) and probably iteracting
with a rich-electron moiety. A low numerical valder/},;, the (HOMO),,- (LUMO),, distance, can be

obtained by shifting downwards the energy lotJ MO);S. Therefore, it is suggested that atom 18 interattis a
rich-electron counterpart. These suggestions are/sin the partial 2D pharmacophore shown in F&. 3

ELECTRON-
RICH
CENTER \

econa

ELECTRON RICH

ELECTRON-

DEFICIENT

CENTER
SUBSTITUENTS

Figure 32. Partial 2D pharmacophore from Eg. 5.

e

22RV1 Cell Line
Group 1A

Beta values (Table 10 and Fig. 4) indicate that miative importance of the variables s;“( LUMO* >
Ss>S;(HOMO-2)* >F_(HOMO=-2)*. A VbV analysis shows that a low cytoxicity is asited with
high values forF,,(HOMO=2)* ands,,; and with low values forS) (LUMO* andS;( HOMO-2)*.

The case ofF,,(HOMO=-2)* deserves a commerfHOMO - 2),, is ac MO, while the two highest occupied

MOs are oft character (Table 24). A tentative interpretationd high numerical value for this index is thairatl7
is interacting with an electron-deficient centesgessing one or two vacanfollowed by vacans MOs or that this
atom is interacting with one site with emptyMOs and with another with empty MOs. We have not enough data

to carry out a deeper analysis. A high value & is obtained by diminishing thé HOMO),,- (LUMO),,
distance, making atom 18 a good electron accelptisrsuggested then that this atom interacts waitlelectron-rich
center. A small value foSaN( LUMO)* (with negative numerical values anchature, Table 23) indicates that

this atom is also interacting with an electron-rigmter. A small value fo;( HOMO-2)* ((HOMO-2),,
is ar or o MO, Table 23) is obtained by shifting downwarde MO energy. It is possible that atom 11 interacts
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with an electron-deficient center having emptylOs and occupied MOs. These ideas are shown in the partial 2D

pharmacophore shown in Fig. 33.
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Figure 33. Partial 2D pharmacophore from Eg. 6.
Group 1B
Beta values (Table 11 and Fig. 5) indicate thatrtlative importance of the variables %N( LUMO* >n,4
>S) (LUMO+2)* >@, >F,,(HOMO=-2)*. A VbV analysis shows that a low cytoxicity is asited with
low values for all these indices. A low value f&if,\‘( LUMO* (a negative number) indicates that atom 9 is
interacting with an electron-rich center through(iHOMO);, an MO (Table 27). A low numerical value fap,,
is an indication that atom 19 is also interactirithvan electron-rich cente{LUMO + 2)21 is ar MO (Table 26).
A low value for S)' (LUMO+ 2)* could be an indication that atom 4 interacts withelectron-rich center only

through its two lowest vacant MOs. A low value i@, suggest that small alkyl substituents will be i for
low cytoxicity but we must not forget that thereaigpossibility of an extra interaction with theesihrough ring D.
F.o(HOMO-2)* will not be discussed because of its high p valtleese ideas are shown in the partial 2D
pharmacophore shown in Fig. 34.
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Figure 34. Partial 2D pharmacophore from Eq. 7.
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HT-29 Cell Line
Group 1A

Beta values (Table 12 and Fig. 4) indicate thatreiative importance of the variables §E7( HOMO-2)*>
SL,(HOMO* >S§(LUMO+1)* >S)>. A VbV analysis shows that a low cytotoxicity dssociated with
high values foS;( HOMO-2)*, S§i(LUMO+1)* andS};; and with a low value fo8;,( HOMO*. A

high value for §5( HOMO-2)* ((HOMO-2),, is ac or = MO, Table 24) is obtained by shifting upwards
the MO energy. We suggest that this atom is intergevith an electron-deficient center with at leiés two highest
occupied MOs and that an optimal situation occul’rserwv(HOMO—Z);7 is of = nature. A high value for

S (LUMO+1)* ((LUMO+1),, is ar MO, Table 25) is an indication that atom 18 isefatting with an
electron-rich center through its two lowest vade@s. A low value forS_uLEO( HOMO* suggests that this atom is

interacting with an electron-rich centéﬁlt'1 will not be discussed due to its high p value (€dt2). Fig. 35 shows
the associated pharmacophore.
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Figure 35. Partial 2D pharmacophore from Eg. 8.
Group 1B
Beta values (Table 13) indicate that the relativepartance of the variables isSQN( LUMO* >
%= Fo(LUMO+2)* >F (LUMO+2)*. A VbV analysis shows that a low cytotoxicity issaciated with
high values for F,,(LUMO+2)* and with low values fo&' (LUMO*, Fo(LUMO+2)* andg,.
Fs(LUMO+2)* will not be discussed because of its high p vallable 13). A low numerical value for
SQN( LUMO)* ((LUMO)*9 is of = nature, Table 27) suggests that atom 9 is integaatith an electron-rich

center. A low value forF,i(LUMO+2)* ((LUMO+2),, is an MO, Table 28) can be interpreted by
suggesting that atom 19 is interacting with antetecrich center through its first two lowest vatMOs and that
(LUMO + 2)19 is engaged in a repulsive interaction witk MO of the partner. Without forgetting that ring D
seems to interact with an extra site, a low valredd,, can be obtained, as we said before, with,, GEiHs and
similar substituents. Fig. 36 shows the associptestmacophore.
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Figure 36. Partial 2D pharmacophore from Eq. 9.

769-P Cell Line
Group 1B

Beta values (Table 14) indicate that the relativepartance of the variables if(HOMO-2)*>
F,(HOMO)* >F,(LUMO)*>SF(HOMO-2)*. A VbV analysis shows that a low cytotoxicity is
associated with high values fofr,(HOMO=-2)* andS;(HOMO-2)*; and with low values for
F,(HOMO)* andF,,(LUMO)*. A high value forF,(HOMO-2)* ((HOMO-2), is ax MO, Table
26) indicates that atom 17 is interacting with &t&on-deficient center through its three lowestant MOs. The
first three highest occupied local MOs of atom @ afr nature (Table 26). A high value fcﬁf( HOMO-2)*

strongly suggests that atom 4 is interacting witrekectron-deficient center through its three hggleecupied MOs.
A low value for F,(HOMO)* indicates that this atom is interacting with aection-rich center. The case of

atom 17, where a low value fd,(LUMO)* is required, suggests an interaction with an edeetieficient
center. Fig. 37 shows the associated pharmacophore.
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Figure 37. Partial 2D pharmacophore from Eq. 10.
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A375 Cell Line
Group 1A
Beta values (Table 15) indicate that the relativempartance of the variables s

SL(HOMO-2)*=S}>F,(LUMO+1)* >F (LUMO+2)*=/,. A VbV analysis shows that a low
cytotoxicity is associated with high values f&,( HOMO-2)* andF,,(LUMO +2)*; and with low values
for Sy, 4 andF,(LUMO+1)*. A high value for S ,( HOMO-2)* ((HOMO-2),, is ac MO in most

molecules, Table 24) suggest that M0 will help (HOMO=-1),, and(HOMO),., both ofx character, to

interact with an electron-deficient center. It i@spible that a MO could engage in a repulsive interaction with
other occupied MOs of the partner [110, 111]. Atom 16 is a carloém CH group and has only MOs. A high

value for Fi(LUMO +2)* can be interpreted as an attractive interactich atcupieds MOs. A low value for
Sl'\(l) suggests that atom 10 is interacting with an eeetleficient centerl/; is the midpoint between the energies
el the local(HOMO), and (LUMO), MOs. A lower (i.e., a more negative) value i can be obtained by
lowering the(LUMO)*6 energy. This suggests that atom 6 is interactiitly an electron-rich center. A low value

for F,(LUMO+1)*((LUMO+1),, is ac MO, Table 24) is interpreted as a repulsive intéea between
emptyoc MOs [110, 111]. Fig. 38 shows the resultant phaophaore.
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Figure 38. Partial 2D pharmacophore from Eq. 11.
Group 1B
Beta values (Table 16) indicate that the relativmportance of the variables is¢, > S4N
>MNe>Fy(HOMO-1)*> S, (LUMO+ 2)* >Q,,. A VbV analysis shows that a low cytotoxicity issaciated
with positive values fo,, high values for F,(HOMO-1)* and low values fo8; ¢,, 7, and

S, (LUMO+2)*. A high value for F;,(HOMO-1)* ((HOMO-1), is ax MO, Table 27) suggests that
atom 9 is interacting with an electron-deficiennte® through its first two highest occupied MOsloiv value for
S:‘ indicates that atom 4 interacts with an electrofictnt center. A low value for},; suggests that atom 18

interacts with an electron-rich center. A low vafor S (LUMO+2)* ((LUMO + 2),, is ac MO, Table 27)
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suggests that atom 14 is engaged in an attractieeaiction with occupied MOs of the partner. A low value for
@, suggests that G GHs and similar substituents will be suitable for lamytotoxicity. Fig. 39 shows the

resultant pharmacophore.
.
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Figure 39. Partial 2D pharmacophore from Eq. 12.

SK-OV-3 Cell Line
Group 1A

Beta values (Table 17) indicate that the relatimpartance of the variables #8,,>¢@,, >F,,(HOMO)*. A VbV
analysis shows that a low cytotoxicity is assodatéth high values forg,, andF,,(HOMO)*; and with low
values for},,. A low value for/],, suggests that this atom is interacting with arctede-rich center.gg, is a

purely geometrical index and a high numerical vdhreit could influence the percentage of molecuiesing the
appropriate rotational velocity interval allowingoeoper interaction with the site. A low value fbt,,(HOMO) *

((HOMO)’;2 is an MO, Table 25) can be interpreted as the interactibatom 22 with an electron-rich center.
Fig. 40 shows the resultant pharmacophore.
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Figure 40. Partial 2D pharmacophore from Eq. 13.
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Group 1B
Beta values (Table 18) indicate that the relatimgdrtance of the variables igg,> S;( HOMO-1)*

>S]>Q,=F,(HOMO-1)*. A VbV analysis shows that a low cytotoxicity issaciated with negative values
forQ;, high values forS;( HOMO-1)* andF,(HOMO=-1)*; and low values for S} andg, . A high
value for S5( HOMO-1)* ((HOMO-1) ,is ar MO, Table 28) suggests that atom 18 is interactiity an
electron-deficient moiety. This is the same caseafom 3. A low value forSi'\lI indicates that atom 11 interacts

with an electron-rich center. A low value g, as said before, suggests thatsCB,Hs and similar small
substituents will be suitable for low cytotoxicifyig. 41 shows the resultant pharmacophore.
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Figure 41. Partial 2D pharmacophore from Eq. 14.

Eca-109 Cell Line
Group 1A

Beta values (Table 19) indicate that the relativepdrtance of the variables if,(LUMO+2)*>
F(HOMO-1)* >S{(LUMO*>F,(LUMO)*. A VbV analysis shows that a low cytotoxicity is
associated with high values foy(LUMO +2)*, F,,(HOMO-1)* andF,;(LUMO)*; and with low values
for Sy (LUMO*. A high value for F,(LUMO+2)* ((LUMO+2), is ax MO in almost all molecules,
Table 22) strongly suggests that atom 8 interadgtk @an electron-rich center. This interaction sedmsccur

through at least the two lowest vacant MOs. A higtue for F,,(HOMO-1)* ((HOMO-1),, is ac MO,
Table 24) suggests an attractive interaction batvtiee first two highest occupied MOs of atom 16 and or more
vacants MOs. A high value forF,(LUMO)* is associated with the interaction of atom 11 waithelectron-rich

center. A low value forSy(LUMO* ((LUMO),, is ar MO, Table 24) points to an interaction with an
electron-deficient center. Fig. 42 shows the restilpharmacophore.
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Figure 42. Partial 2D pharmacophore from Eq. 15.

BGC-823 Cell Line
Group 1A

Beta values (Table 20) indicate that the relativenpdrtance of the variables isQ,>
SL(HOMO-1)*>F,,(LUMO+1)*>7,. A VbV analysis shows that a low cytotoxicity issaciated with
positive values o), , high values forSg( HOMO-1)* andF,;(LUMO +1)*; and with low values fof,. A
high value forS_LEG( HOMO-1)* ((HOMO—l)i6 is ac MO, Table 24) suggests an interaction of the fingi
highest occupied MOs of atom 16 with vacantMOs of a moiety. A high value forlF(LUMO+1)*

(LU MO+1);6 is ac MO, Table 24) suggests that atom 16 also intemsittsa region with occupied MOs. We
have not enough information to affirm that the sit¢he same for both interactions of atom 16 at this atom is
facing two or more Chgroups. A low value forj, is indicative of an interaction of atom 8 with ekectron-rich

center. A positive value fof), suggests that atom 2 is close to a negativelygeltagroup. Fig. 43 shows the
resultant pharmacophore.

( N\

NEGATIVELY-
CHARGED
GROUP

\_

N\

N

16 ONE OR MORE
- CENTERS WITH
OCCUPIED AND

VACANT SIGMS MOs

i\ J

Figure 43. Partial 2D pharmacophore from Eq. 16.

115
Available online at www.scholarsresearchlibrary.com



Fernando Gatica-Diaz and Juan S. Gomez-Jeriat al J. Comput. Methods Moal. Des., 2014, 4 (4):79-120

Group 1B
Beta values (Table 21) indicate that the relativ@pdrtance of the variables isS,=Q,> @,

>F,(HOMO)*>s,. A VbV analysis shows that a low cytotoxicity issaciated with high values fo§,
andQ,; and with low values fo,, S, andF,;(HOMO)* . A positive value forQ, indicates that atom 4 is
facing a negatively-charged center. A high valuedg indicates that this atom behaves as a good eleatceptor
and that it is probably facing an electron-richteenA low value fong, , as said before, is interpreted asserting that

CHs and similar small alkyl substituents are suitdbleow cytotoxicity. A low value forS, suggests that atom 10
is interacting with an electron-rich center. Fig.ghows the resultant pharmacophore.
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Figure 44. Partial 2D pharmacophore from Eq. 17.

We stated in a paper that jood QSAR results are not obtained, at leastpassibilities should be considered. The
first one is a reformulation of the compositiontiké common skeleton. The second one is relatedetdatt that
some molecules could exert their biological actisa different mechanisi§86]. We were not able to obtain
statistically significant equations for the wholet.sAfter dividing the set into two subsets, eadle avith its own
common skeleton, satisfactory results were obtaiNedertheless for two cases (for group IA agatinst769-P cell
line and for group IB against the Eca-109 cell Jiitewas impossible to obtain any result. A possjdbut not
necessarily true explanation is that in these caseface different action mechanisms. The plotgxqferimental
versuscalculated values (Figs. 6-21) indicate that tlypdthesis that the majority of the cytotoxic adiivis
encoded in the two common skeletons consideredasonable. In several cases, it is highly prob#ide some
molecules interact with the site through atoms #rat not included in the common skeleton. At tightliof the
above results, is it possible to propose definitena as targets for substitution? We think thatkinagrthe number
of times that a given atom appears in the resuktiggations can provide a first answer. Figures it 46 show,
respectively, the results of the procedure.
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Figure 44. Atoms of group IA that are possible targts for substitution.
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Figure 45. Atoms of group IA that are possible targts for substitution.

We can see that in the two groups the primary taatgens are not the same. We think that these atwenpossibly
important targets to study.
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