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ABSTRACT

A theoretical analysis of the relationships betwedectronic structure and the inhibition of ROCK&daPKA

kinases was carried out for a series of urea-badeivatives. The Klopman-Peradejordi-Goémez formelhrad was
used. The local atomic reactivity indices were oi#d at the B3LYP/6-31G(d,p) level after full getme
optimization. Statistically significant equationslating several local atomic reactivity indices lwlioth inhibitory

activities were obtained. From the results, theresponding partial 2D pharmacophores were built.
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INTRODUCTION

During the search of molecular systems having @stémg biological activities to be studied with tkeopman-
Peradejordi-Gémez (KPG) method, we found a seffiesen-based derivatives having the ability to ithROCK2
and PKA protein kinases [1]. ROCK2 or rho assodateiled-coil containing protein kinase 2, is atpio
regulating the activation of the c-fos serum resgoelement cytokinesis, smooth muscle contractiwh the
formation of actin stress fibers and focal adhesif#7]. Two isoforms, ROCK1 and ROCK2, are knowiKA,
cAMP-dependent protein kinase or protein kinaseaé fumerous functions in the cell, including retiafaof lipid
metabolism, glycogen and sugar. Many molecularesystinhibiting one or both kinases have been sgizbéd and
tested [1, 8-26]. Here we present the results séarch for relationships between the electronigctire of this
series of urea-based molecules and the abovemedtiohibitory activities.

MATERIALS AND METHODS

The method employed here to obtain relationshipsden the electronic structure and biological dgtiis the only
member of thdormal methods class [27-29]. It is essentially basedhenstatistical-mechanical definition of the
equilibrium constant and Klopman’s formula for finéeraction energy between two molecular systefts) (30,

31]. The first version of this model was employgdReradejordi et al., Tomas and Aullé and J.S..E34, 32-38].

It provided very good results for several differéimids of molecules and receptors. During the 1886ade the
interaction energy expression was expanded to decthe contribution of single molecular orbital®].3During
year 2002 the conceptual basis for calculatingtientational parameter of the substituents wasegmed [40]. The
last theoretical advance was completed during 2642 when new local atomic reactivity indices welsained
from the AE expression [41]. Also, during year 2012 a breakigh was accomplished when it was shown that the
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method can be applied fruitfully to any biologieattivity [42]. From this moment the applicationtbe Klopman-
Peradejordi-Gémez method (KPG) to very differenienoles and biological activities produced surpgsy good
results [43-52] (and references therein). Congigetihat the formula has been presented and exglamneetail in
many publications, we shall discuss here only #sellting equations.

Selection of molecules and biological activities
The selected molecules are a group of urea-baséecutes were selected from a recent study [1]. Theneral
formula and inhibitory activities are displayedspectively, in Fig. 1 and Table 2.
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Figure 1. General formula of urea-based molecules

Table 1. Urea-based derivatives and biological asfties [1].

Mol Ry R Ry Rs Rs Rs Rus Re1 | log(ICso) | log(ICso)
ROCK? PKA
1 H OMe| H H H H H H 1.42 2.82
2 H H H H | OMe| H H H 3.44
3 | OMe| H H H H H H H 1.52 3.42
4 NH, H H H H H H H 0.48 2.61
5 ] H H H H H H H 1.2¢ 2.6€
6 F H H H H H H H 0.4¢ 2.51
7 | OMe| H H H H H H Me 0.30 2.91
8 | OMe| H H H H H N(Me) H 1.58
9 | OMe| H H H H H OMe H 2.21
10 | OMe| H H H H H Cl H 2.50
11 [ OMe | H H H H H F H 3.2€
12 | OMe | H H H H H O(CHy):N(Me), H 3.5¢
13 | OMe| H H H H H O(CE);N(CH,), H 3.44
14 | OMe| H H H H H| N(Me) (CH.N(Me), | H 3.55
15 | OMe| H H H H Me O(Ch),N(Me), H 3.72
16 | OMe| H H H H Me| N(Me) (CH.N(Me), | H 0.90 3.66
17 | OMe | H H H H H H H 0.3( 2.9t
18 | OMe| OMe| H H H H H H 2.40
19 H | OMe| H H | OMe] H H H 2.52 4.05
20 H | OMe| H | OMe| H H H H 2.76
21 H | OMe| OMe| H H H H H 2.97 4.13
22 | OMe| H H H | OMe] H H H 2.63
23 | OMe| H H | OMe| H H H H 2.45
24 F H H H | OMe| H H H 2.55 2.71
25 | OMe| H H H H Me H H 0.0 3.26

Calculations

The electronic structure of all molecules was daled within the Density Functional Theory (DFT) thie
B3LYP/6-31g(d,p) level with full geometry optimizam. The Gaussian suite of programs was used [iBlthe
information needed to calculate numerical valuestf@ local atomic reactivity indices was obtairfeam the
Gaussian results with the D-Cent-QSAR software.[Bdl]the electron populations smaller than or dgozd.01 e
were considered as zero [41]. Negative electronuladipns coming from Mulliken Population Analysisere
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corrected as usual [55]. Since the resolution efdistem of linear equations is not possible becateshave not
enough molecules, we made use of Linear MultiplgrBssion Analysis (LMRA) techniques to find the thes
solution. For each case, a matrix containing theeddent variable (the inhibitory activity of eachse) and the
local atomic reactivity indices of all atoms of tlkemmon skeleton as independent variables was. b
Statistica software was used for LMRA [56]. We wexdtkwith thecommon skeleton hypotheststing that there is a
definite collection of atoms, common to all molexsianalyzed, that accounts for nearly all the lickd activity.
The action of the substituents consists in modgtime electronic structure of the common skeletwhiafluencing
the right alignment of the drug throughout the otéional parameters. It is hypothesized that difiié parts or this
common skeleton accounts for almost all the intevas leading to the expression of a given biolabctivity.
The common skeleton for the urea-based derivatsvesown in Fig. 2.

s N

Figure 2. Common skeleton of urea-based molecules
RESULTS

Results for PKA inhibition
No statistically significant equation was obtainffed n=20. As no outlier were found, we extracted thighest

log(ICsp) value from the set and searched for a statisfisagnificant equation. This procedure was foll@uentil
obtaining the following equation:

log(ICy,) = 4.53- 2.90F( LUMOr 2 = 2.15F( HOMG R * 0.05%'( Lump—(l)
-9.78E, ( LUMO+ 1) *+0.14y,

with n=17, R=0.96, B=0.93, adj-R=0.90, F(5,11)=29.480.00001) and SD=0.18. No outliers were detectetl an
no residuals fall outside the ¢dimits. Here, k(LUMO+2)* is the Fukui index of the third lowest ca@nt MO
localized on atom 10,;{HOMO-2)* is the Fukui index of the third highestaupied MO localized on atom 17,
S,/ (LUMO)* is the nucleophilic superdelocalizabilityf ahe lowest vacant MO localized on atom 24,
Fio(LUMO+1)* is the Fukui index of the second lowesicant MO localized on atom 19 ampgd is the local
electronic chemical potential of atom 9. Tablesn2l 8 show the beta coefficients, the results of tthest for
significance of coefficients and the matrix of speacorrelation coefficients for the variables of B. There are no

significant internal correlations between independeriables (Table 3). Figure 3 displays the plbobservedss.
calculated log(1&).

Table 2. Beta coefficients and t-test for signifiaace of coefficients in Eq. 1

Var. Beta| B |t(11)| p-level
Fi(LUMO+2)* |-0.95/-2.90 |-8.10 |<0.000006
Fi2(HOMO-2)* |-0.56|-2.15|-4.73| <0.0006
S*(LUMO)* |-0.51|-0.05|-5.27 | <0.0003
Fio(LUMO+1)* |-0.3 |-9.7€ |-4.27 | <0.007

o 0.2€ |0.1¢ | 2.5 | <0.0%
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Table 3. Matrix of squared correlation coefficientsfor the variables in Eq. 1

Fio(LUMO+2)* |F17(HOMO-2)* |S;N(LUMO)* |Fig(LUMO+1)*
Fio(LUMO+2)* 1.00
Fio(HOMO-2)* 0.18 1.00
SN(LUMO)* 0.07 0.11 1.00
Fio(LUMO+1)* 0.00 0.03 0.01 1.00
Ho 0.11 0.00 0.06 0.02
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Figure 3. Plot of predicteds observed log(I6) values (Eq. 1). Dashed lines denote the 95% denfie interval.

The associated statistical parameters of Eq. Icatelithat this equation is statistically significamd that the
variation of the numerical values of a group o&flecal atomic reactivity indices of atoms of tlmrenon skeleton
explains about 90% of the variation of log{Jn this group of urea-based derivatives. Figursp&inning about 2.2
orders of magnitude, shows that there is a goockledion of observegersuscalculated values and that almost all
points are inside the 95% confidence interval. Tdds be considered as an indirect evidence thatdhemon
skeleton hypothesis works relatively well for thist of molecules. A very important point to strissthe following.
When a local atomic reactivity index of an innecagied MO (i.e., HOMO-1 and/or HOMO-2) or of a hagh
vacant MO (LUMO+1 and/or LUMO+2) appears in any &ipn, this means that the remaining of the upper
occupied MOs (for example, if HOMO-2 appears, upperans HOMO-1 and HOMO) or the remaining of the
empty MOs (for example, if LUMO+1 appears, loweramg the LUMO) contribute to the interaction. Thaisence

in the equation only means that the variation @irtmumerical values does not account for the tiaraof the
numerical value of the biological property.

Results for ROCK2 inhibition
The best equation obtained was:

log(ICy,) = 4.48- 4.04F{ LUMQ * 23.915( LUMQ =

2
-0.025," ( LUMO) *+0.003%,( LUMO+ 2 * @
with n=17, R=0.99, &0.98, adj-R=0.98, F(4,12)=179.99€0.000001) and SD=0.16. No outliers were detected
and no residuals fall outside theatlmits. Here, B(LUMO)* is the Fukui index of the lowest vacant M@calized
on atom 3, RB(LUMO)* is the Fukui index of the lowest vacant M6calized on atom 19,,8'(LUMO)* is the
nucleophilic superdelocalizability of the lowestcaat MO localized on atom 13 and;§LUMO+2)* is the
nucleophilic superdelocalizability of the third lest vacant MO localized on atom 17. Tables 4 asldsv the beta
coefficients, the results of the t-test for sigrafiice of coefficients and the matrix of squaredetation coefficients
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for the variables of Eq. 2. There are no signiftcaernal correlations between independent vaegmi§rable 5).
Figure 4 displays the plot of observesi calculated log(16).

Table 4. Beta coefficients and t-test for signifiaace of coefficients in Eq. 2
Var. Beta| t(12) | p-level
F3(LUMO)* -0.72 |-19.17|<0.00000:
F1(LUMO)* -0.59 |-15.5€|<0.000002

S (LUMO)*  -0.29 |-7.64 | <0.000006
S, (LUMO+2)* |0.25 |6.55 | <0.00003

Table 5. Matrix of squared correlation coefficientsfor the variables in Eq. 2

Fs(LUMO)* |Fi(LUMO)* [SiN(LUMO)*

Fs(LUMO)* 1.00
Fio(LUMO)* 0.003 1.00
SN (LUMO)* 0.01 0.04 1.00
S (LUMO+2)* 0.01 0.01 0.02

4.0

Observed log(IC50) Values

0.0 0.5 1.0 1.5 2.0 25 3.0 35
Predicted log(IC50) Values

Figure 4. Plot of predicteds observed log(I6) values (Eq. 2). Dashed lines denote the 95% denie interval.

The associated statistical parameters of Eq. Zatelithat this equation is statistically significamd that the
variation of the numerical values of a group ofrflacal atomic reactivity indices of atoms of thmmmon skeleton
explains about 98% of the variation of log{)Cin this group of urea-based derivatives. Figurepainning about 3
orders of magnitude, shows that there is a goorkletion of observegersuscalculated values and that almost all
points are inside the 95% confidence interval. Tdds be considered as an indirect evidence thatdh&mon
skeleton hypothesis works relatively well for thét of molecules.

Local Molecular Orbitals
Tables 6 to 8 shows the local MO structure of at@n®, 10, 13, 17, 19 and 24 (see Fig. 2). Noménmaa
Molecule (HOMO) / (HOMO-2)* (HOMO-1)* (HOMO)* - (LIMO)* (LUMO+1)* (LUMO+2)*.
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Table 6. Local molecular orbital structure of atoms3, 9 and 10

Mol.

Atom 3 (C)

Atom 9 (H or C)

Atom 10 (C)

1(85)

8@83184n-86n88191c

6266506 76-9406956970

8308405851-86087n90n

2 (85)

8283584n-8608 7n88n

6056506 76-916926936

8306845850-8 7n88590r

3(81)

7879n80n-82183n84n

640650756-8308768%

77679%8005-8256830870

4 (81

786798 1n-83n84n85n

635645680-830856870

781795800-8218 7Tn88n

5 (85)

82:83184n-86n87n91c

6306646715-916926936

831845855-88rn92193n

6 (81)

7475n80r-82183n870

605645680-876916926

7918008 15-84188n89n

7 (89)

8%87188r-90n91193n

700750860-95697599%

860875891-90n91192r

8 (97)

93941951-98n99m101n

676775780-103510561060

926936946-9811035106t

9 (93)

88:89n921-94n95196n

685700760-101510251040

91n1926935-9419559%

10 (93

89n190n9 1n-94n95n96n

666715740-991031040

88190n925-94198199%

11 (89

84n86n88r-90n91n93n

715760875-9569669%

84n86n875-90n941966

12 (109)

104106t1071-110n111n11 20

7608008%-11761185120c

106510761085-11051115115r

13 (116)

8@83n84r- 861881910

760860930-12461255128

113511461155-118512211240

14 (113)

88830584n-8608 7n88n

905105510%-119%1206121c

83084585n1-8608 7n90n

15 (113)

787980r-82183n84n

108510%1115 -12212351260

8308405850-8 7188590r

16 (117

7867918 1n-83n84n85n

102511251135-1245127612%

77579%805-8268368 76

17 (85

82183n84n-86n87n8%

615645685-930946950

781795800-8218 7n88n

18 (93)

8&89m92r-94n951960

626695740-991015102

831840855-88n92193n

19 (93)

8%91n92r1-9519619 7

7467606915-97699%102

7918008 15-84188189n

20 (93)

9192rn93rn-94n9519 7

756776900-9951015102%

86087589m-90n9 1192

21 (93)

8&89n1921-941951970

646695740-99%1015102

926936940-9811035106t

22 (93

89n91n921-94n95n9 7n

736775900-9910051036

906915936-941981100

23 (93

89n911921-94n95196n

685700740-10151025103

900915936-94195699n

24 (89)

8%86n881-90191192n

660690700-950699%1005

87688589%- 91692596n

25 (89)

8487rn881-90191193n

826860885-99%10461065

80r860885-911941950

Table 7. Local molecular orbital structure of atomsl13, 17 and 19

Mol.

Atom 13 (C)

Atom 17 (C)

Atom 19 (C)

1(85)

7G81185n-8 7n88n89n

83184185n1-8 7n89190n

79181185r1-8 7n90n92n

2(85

78n79n85n-8 7n88n89n

82183n85n-8 7n88n89n

82183n85n-87n90n9 1n

3(81)

7276081n-82183185n

7818018 1n-82183n85n

76n77n81n-82n83n86n

4 (81)

72:75680n-82n84n86n

77n79180n-82184n85n

75179n80r-82186090n

5 (85)

76:80085n-86n88189n

821841851-88189190n

83184n851-88190n93n

6 (81)

7277681n-84n85n86m

79180n81n-84n85n86n

77918 1n-84n86n88n

7 (89)

8283189r1-90n91192n

85187189n-91192196n

84185189n-91194n96n

8 (97

92696n9 7n-98199n 100

92n96n9 7n-981991 100

92n96n97rn-9811021103t

9 (93

84n885931-9419519 71

91n921931-94n95n9 7n

90n91n93r-94n9519 7n

10 (93)

8@89n93n-94195696n

89190n93n-94n95n96n

8990n93n-94n96n98n

11 (89)

8285n89r-90n91n92n

83185189n-90n91n92n

85186m89n-90n91n94n

12 (109)

92103r1087-110t111n113e

105110611071-111n113e1 140

106r1071108r-111n113r1 14t

13 (116)

118115t1167-1177118t1200

114711511167-1170118t1200

1127113r1150-118t1200121n

14 (113

111n1120113n-1142116n118c

111n1126113r-114n1161118c

1077111n112r-11421181119c

15 (113

76n811851-8 7188189

83184n85n-8 7n89n90r

1077110c112r-114211 71118

16 (117)

7879n85r-87n88n89n

82183185n-8 7188189

79181185n-8 7n90n92n

17 (85)

727605811-82183185n

78180rn81n-82183185n

82183n851-8 7n90n91n

18 (93)

8%87593n-94n95n96n

77n79n80n-82184n85n

76n77n81n-82n83n86n

19 (93)

8487593r1-94195196n

89191193r1-94195196n

75179180r-82186090r

20 (93

86n92n93r-94n95n96n

91n92193n-94n96n9 7n

83n84n85n-88m90m93n

21 (93)

8487693n-94n95n96n

89192193n-94n95n96n

77918 1n-84n86n88n

22 (93)

8486n93r-94195196n

881891931-94196n98n

87n88r93n-94195196n

23 (93)

8487593r1-94196n98n

90r91193r1-947196n98n

87m90n93rn-9479879%

24 (89)

8@840891-91n92193n

86m88189n-91n92193n

84n87n89n-91n92n94n

25 (89)

8@85n89m-90n91n92n

83185189n-91192194n

83184n89n-91194n96n
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Table 8. Local molecular orbital structure of atom24

Mol. Atom 24 (H) Mol. Atom 24 (H)
1(85) | 657168 6-916925976 14 (113) | 95102510%-114011811%
2 (85) 56650660-86687688c 15 (113)| 941031085-1146116611%
3(81) 66725805-8256835850 16 (117) | 9810661125-118123125
4 (81 | 67672679-8208405850 17 (85 | 7167608305-860687590c
5 (85) 72760840-8668768% 18 (93) | 78830925-945950980
6 (81) | 6%7206800-840685087c 19 (93) | 747768405-94569859%

7 (89) | 7&765865-95699:103% 20 (93) | 75785905-9961015102

8 (97) 82876940-9861005103%c 21(93) | 78846925-94696699%

9 (93) 7&775845-945991005 22 (93) | 75785905-9951031065
10 (93 | 6056746925-991005102 23 (93 | 780845915-94696059%

11 (89 | 716740875-95696698c 24 (89 | 750800885-91593c960
12 (109) | 8891699%-11151175118 25(89) | 727506860-95698699%
13 (116) | 989401065-117611851225

DISCUSSION

Discussion of PKA inhibition

Table 2 shows that the importance of variables gn Eis Fo(LUMO+2)*>> F;(HOMO-2)*> S,'(LUMO)*>
F1o(LUMO+1)*> . A high PKA inhibition is associated with largelwes for Fo(LUMO+2)*, F-(HOMO-2)* and
F.o(LUMO+1)*. If S, (LUMO)* is positive, a high inhibitory activity isssociated with large numerical values for
this index. Sincay is negative, a high inhibitory activity is assdei with large (negative) values for this local
reactivity index. Atom 10 is the carbon atom of tg=0;; moiety in the chain linking rings A and B (Fig.. &
high value for IR(LUMO+2)* suggests that this atom is interactinghwan occupied MO. Table 6 shows that
(LUMO+2),, has, at the level of the approximations used énmiodel s or n natures. Therefore, the best condition
for an optimal inhibitory activity is that the tleréowest vacant MOs haveranature. Atom 17 is a carbon atom in
ring B (Fig. 2). A high value for /{HOMO-2)* suggests that this atom is interactinghwa vacant MO. Table 7
shows that the three highest occupied local MOs tew nature in all molecules, reinforcing the idea that
optimal inhibitory activity seems to be associatéth the interaction of these three MOs with onerare vacant
MOs. Atom 24 is the atom attached to N-12 in thairHinking rings A and B (Fig. 2). (LUMQ) is ac MO
(Table 8). Large positive values fop,SLUMO)* are obtained by shifting downwards the asated eigenvalue,
making this MO more reactive. This suggests thama24 is acting as an electron-acceptor. Consigehat this
atom is hydrogen or carbon we could be in presefiem H-bond in the case of H atom. The exact oble C atom

is not clear, but it could be involved in a C-H...@draction. Atom 19 is a carbon atom in ring C (2§ A high
inhibitory activity is associated with large values Fio(LUMO+1)*. As almost all the first two lowest vadaMOs
have ar nature (Table 7), we suggest that atom 19 inaetérg with an electron-rich center. Atom 9 is #tem
bonded to N-8 in the chain linking rings A and B @d C, Fig. 2). All MOs have a nature (Table 6). A high
inhibitory activity is associated with large (ndge) values forug. This index corresponds to the midpoint of the
(HOMO),, and (LUMO), energies. These two MOs have aature. From a strict theoretical point of viehere
are three ways to obtain more negative valueg fime shown in Fig. 5.
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Figure 5. Modification of the value of the local abmic electronic chemical potential. H stands for HMO and L for LUMO, black dots
denote the locap position and value. Arrows indicate what eigenvale was shifted downwards

In this figure A denotes the original case: logak located at -0.5 eV. In case B we have shiftedrdvards the
LUMO energy ands has now a value of -1 eV. In case C the HOMO energs shifted downwards andhas a
value of -1.5. In case D we shifted downwards siangously the energy of both local frontier MOs #mel. value
moves to -2 eV. Note that in the last case the ritadm of both shifting does not to be the same. Namd from a
practical point of view, the easiest way to obtilarger negative value faris for case B. This is so because, if the
electronic distribution and energies of the innecupied local molecular orbitals are not modifiedpulsive
interactions among occupied (local) MOs will intépsWe can imagine this situation by using an ertely simple
picture in which the occupied MO are envisagedhaslayers of a multilayer sandwich: if we pushetblethe
upper layer the ones lying below will be compresaed, at the end, they will mix. This situation tees clearer
when we have the case of an atom in which the IHEMO is located energetically very far from theletule’s
HOMO. Within this reasoning, we suggest that thahitory activity will raise when the local LUMO bemes
more reactive (case B of Fig. 5). Therefore, at@islinteracting with an electron-rich center. TlEisconsistent
with the formation of a MNH,...X hydrogen bond. All the suggestions are displayedthe partial 2D
pharmacophore of Fig. 6.
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H-BOND
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Z—I

Figure 6. 2D pharmacophore for PKA inhibition by urea-based molecules
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DISCUSSION

Table 4 shows that the importance of variables  E is R(LUMO)*> Fio(LUMO)*>> S;3(LUMO)*>

S (LUMO+2)*. A high ROCK?2 inhibition is associated thilarge values for JLUMO)* and Fo(LUMO)*. If
S5 (LUMO)* is positive, a good inhibitory capacity &ssociated with a large numerical value for thictigity
index. If S (LUMO+2)* is positive, a good inhibitory activitysiassociated with a small numerical value for this
index. Atom 3 is a carbon atom in ring A (Fig. 2).high inhibitory activity is associated with a dgr value for
F3(LUMO)*. This MO has ar nature in almost all molecules (Table 6). Therefatom 3 seems to interact with an
electron-rich center. Atom 19 is a carbon atonirig € (Fig. 2). A high inhibitory activity is assated with a large
value for Rg(LUMO)*. Table 7 indicates that this MO hastanature in all molecules. This allows to suggest th
atom 19 is interacting with an electron-rich cen&iom 13 is a carbon atom in ring B (Fig. 2). Ayhiinhibitory
activity is associated with a large numerical vadti&; s (LUMO)* if the numerical value for this reactiviipdex is
positive. If negative, a high inhibitory activity associated with a small negative numerical vaNe consider both
possibilities because it is well known that manyutes of quantum chemical calculations (at &heinitio and DFT
levels) report vacant MOs with negative energiégute 7 explains how to increase or diminishadd $ values.

24
3
o) +
>
S 0
S
3
(&)
o
3 +
2 5. +
>
)]
A(SY B (s") c(s)

Figure 7. How to obtain higher or lower numerical \alues for nucleophilic and electrophilic superdeloalizabilities associated with only
one MO

A positive $' value is shown in A of Fig. 7. To obtain greatemmerical values for this index we can shift
downwards the energy of the associated eigenvaluelfis is so because the MO energy is in the ohémator of
the expression defining the superdelocalizabilitits obtain smaller values, we shift upwards thergy of the
associated eigenvalue (-). B shows the case ofgative numerical value of™S Now, if we need to get larger
negative values we need to shift upwards the engfrtjye associated eigenvalue (+). Shifting dowmlsahe value

of the associated eigenvalue will produce smallegative values (-). Case C refers to electrophilic
superdelocalizabilities. As they are always negativclosed shell systems, we work with them asaise B. In the
case of atom 13 we can see that a large positirreerical value or a small negative numerical valteeassociated
with a high inhibitory activity. Fig. 7 shows that both situations the associated LUMO energy nigsshifted
downwards making the MO more reactive. Therefore,swggest that atom 13 is interacting with an edeetich
moiety. Atom 17 is a carbon atom in ring B (Fig. &)high inhibitory activity is associated with mall humerical
value of $(LUMO+2)* if the value of this index is positive.id: 7 shows that this MO should be made less
reactive. This could be a possible signal of a Ispe interaction of this MO with vacant MOs of tipartner.
Unhappily, Eq. 2 is not able to show the role cUlO+1),; and (LUMO); . Plots of the numerical values of
S (LUMO+1)* and S7V(LUMO)* vs. log(ICs) (not shown here) show that, in general, the il activity
increases when these two MOs become lees readtherefore we suggest that atom 17 is interactinigp \&n
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electron-deficient center. This suggestion is wory. All the suggestions are displayed in the iglar2D
pharmacophore shown in Fig. 8.
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Figure 8. 2D pharmacophore for ROCK2 inhibition by urea-based molecules

In conclusion, we obtained statistically signifitaaquations relating the variation of the PKA an®@GK2
inhibitory potencies with the variation of the nuical values of definite sets of local atomic rééty indices for a
group of urea-based molecules. It is interestingdte the participation of two H-bonds of the umaiety in the
inhibition of PKA. Our intensive search for a bigloal activity thatcannotbe analyzed with the KPG method has
proved to be unproductive up today [57].
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