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An introductory theoretical investigation of the relationships between electronic structure
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Abstract A study of the relationships between receptor affinity and electronic structure was performed in a group of
NC-8,9-trisubstituted purine derivatives interacting with A;, A, and A; adenosine receptors. Statistically significant
equations were obtained for all cases.
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Introduction

Adenosine is a pervasive molecule involved in the regulation of the function of each tissue and organ. It affects
nearly all aspects of cellular physiology, such as blood cell regulation, neuronal activity, platelet aggregation,
stimulation of glutamate release from astrocytes and vascular function. This molecule mediates its effects through
the activation of a family of four G-protein coupled adenosine receptors, called A;, Asa, Az and A; [1-8].
Adenosine antagonists have stimulant and anxiogenic effects although adenosine agonists have sedative,
anticonvulsant and anxiolytic actions. This fact prompted the synthesis and testing of many groups of molecules
interacting with one or more adenosine receptors [2-4, 6, 9-25]. Some theoretical studies were carried out'® 22",
Given the pharmacological interest of these molecules, we become interested in testing again the validity of the
formal Klopman-Peradejordi-Gémez method to find significant structure-activity relationships.

Here we present the results of a theoretical analysis of the relationships between molecular/electronic structure and
receptor affinity for a group of N°-8,9-trisubstituted purine derivatives interacting with A;, Ao, and A; adenosine
receptors.

Molecules and calculations
The molecules and receptor affinity results were taken from a recent publication, and are presented in Fig. 1 and
Table 1°.
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Figure 1: General formula of molecules used in this study
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Table 1: N°-8,9-trisubstituted purine derivatives and their receptor affinities.

Mol. R; R, Rs Ry Rs log(K;y) log(K;) log(Kj)
AAR A AR  AAR
1 H Me H H H 1.36 2.58 4.15
2 H Et H H H 1.49 2.33 3.76
3 H Pr - H H H 2.00 2.69 3.97
4 c-butyl Me H H H 0.51 2.48 2.45
5 c-butyl Et H H H 0.78 2.58 1.92
6 c-butyl Pr - H H H 1.18 2.56 242
7 c-pentyl Me H H H 0.45 2.70 2.93
8 c-pentyl Et H H H 0.59 2.52 2.55
9 c-pentyl Pr H H H 1.00 2.80 2.87
10 3-(CH),O Me H H H 0.90 3.26 3.80
11 3-(CH),O Et H H H 1.00 3.01 3.22
12 3-(CH),O Pr H H H 1.40 3.23 3.45
13 c-hexyl Me H H H 0.76 2.72 3.37
14 c-hexyl Et H H H 1.00 2.49 2.85
15 c-hexyl Pr - H H H 1.43 3.03 3.37
16 c-pentyl Me -- H H 2.38 3.80 4.04
17 c-pentyl Me Me H H 1.74 3.84 3.48
18 c-pentyl Me H Me H 0.79 2.65 2.71
19 c-pentyl Me H H Me 0.90 3.26 2.68
20 c-pentyl Me CI H H 1.57 3.49 2.86
21 c-pentyl Me H H CI 1.26 3.26 3.08
22 c-pentyl Me H H F 0.79 3.38 3.06
23 c-pentyl Me H H OMe 1.88 3.25 3.27
24 c-pentyl Me H H OH 1.23 2.73 2.72
25 c-pentyl Me H H COOH 473 441

Calculations [28]

The formal relationship between electronic structure and receptor affinity was developed many years ago and it is
known as the Klopman-Peradejordi-Gomez method (KPG method). Its theoretical foundations are well known and
have been reviewed in detail [29-36]. The application of the KPG method to different chemical systems and
biological activities has been very successful [37-58].

The electronic structure of all molecules was calculated within the Density Functional Theory (DFT) at the
B3LYP/6-31G(d,p) level with full geometry optimization [59]. The Gaussian suite of programs was used [59]. The
information needed to calculate the numerical values for the LARIs was obtained from the Gaussian results with the
D-Cent-QSAR software [60]. All the electron populations smaller than or equal to 0.01 e were considered as zero.
Negative electron populations coming from Mulliken Population Analysis were corrected as usual [61].
Orientational parameters taken from published Tablesor calculated in our Unit with the Steric software [62]. We
employed Linear Multiple Regression Analysis (LMRA) techniques to find the best solution. For each case, a matrix
containing the dependent variable and the local atomic reactivity indices of all atoms of the common skeleton as
independent variables was built. The orientational parameters of the R1-R5 substituents were added. The Statistica
software was used for LMRA [63]. The common skeleton numbering is shown in Fig. 2.
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Figure 2: Common skeleton numbering
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Results
Results for A;AR receptors
The best statistically significant equation obtained is the following:

log(K,)=-7.69+5.61w,-4.50S§ (HOMO-1)*+0.002 ¢4, -0.33S, (HOMO-2)* (1)

with n=22, adj-R?=0.96, F(4,17)=139.23 (p<0.000001) and a standard error of the estimate of 0.17. No outliers were
detected and no residuals fall outside the +2¢ limits. Here, wg is the local atomic electrophilicity of atom 9,
SeE(HOMO-1)* is the electrophilic superdelocalizability of the second highest MO localized on atom 6,
@ro0rientational effect of the R, substituent and Sy,“(HOMO-2)* is the electrophilic superdelocalizability of the
third highest molecular orbital localized on atom 14 (see Fig. 2).Tables 2 and 3 show the beta coefficients, the
results of the t-test for significance of variable and the matrix of squared correlation coefficients for the variables of
Eq. 1. There are no significant internal correlations between independent variables (Table 3). Figure 3 displays the
plot of observed vs. calculated log(K;).
Table 2: Beta coefficients and t-test for significance of coefficients in Eq. 1.
Beta t(17) p-level

g 094 21.19 0.000000
S¢-(HOMO-1)*  -0.44 -10.60 0.000000
Rz 0.25 5.65 0.00003

SuF(HOMO-2)* -0.21 -480  0.0002
Table 3: Matrix of squared correlation coefficients for the variables in Eq. 1
@S¢ (HOMO-1)* ¢r, Si (HOMO-2)*

Mg 1.00
S¢"(HOMO-1)*  0.00 1.00
OR2 0.07 0.00 1.00
SuF(HOMO-2)*  0.02 0.00 0.04 1.00
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Figure 3: Plot of predicted vs. observed log(K;). values (Eg. 1). Dashed lines denote the 95% confidence interval
The associated statistical parameters of Eq. 1 indicate that this equation is statistically significant and that the
variation of the numerical values of a group of four local atomic reactivity indices of atoms of the common skeleton
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explains about 96% of the variation of log(K;). Figure 3, spanning about 4 orders of magnitude, shows that there is a
good correlation of observed versus calculated values.

Results for A,nAR receptors
The best statistically significant equation obtained is the following:

log(K;)=30.13+1.51S}, +0.44S5 (HOMO-1)*+23.79Q, +0.09S (LUMO+2)* )

with n=23, R=0.94, R?=0.89, adj-R*=0.87, F(4,18)=36.40 (p<0.000001) and a standard error of the estimate of 0.16.
No outliers were detected and no residuals fall outside the +2c limits. Here, Sis is the total atomic electrophilic
superdelocalizability of atom 15, S,5(HOMO-1)* is the electrophilic superdelocalizability of the second highest
molecular orbital localized on atom 2, Q, is the net charge of atom 2 and S;Y(LUMO+2)* is the nucleophilic
superdelocalizability of the third lowest empty MO localized on atom 7 (see Fig. 2).Tables 4 and 5 show the beta
coefficients, the results of the t-test for significance of variable and the matrix of squared correlation coefficients for
the variables of Eq. 2. There are no significant internal correlations between independent variables (Table 5). Figure
4 displays the plot of observed vs. calculated log(K;).
Table 4: Beta coefficients and t-test for significance of coefficients in Eq. 2
Beta t(18) p-level

Sis- 0.94 11.27 0.000000
S,f(HOMO-1)* 0.46 5.32  0.00005
Q. 0.26 3.29 0.004

SN(LUMO+2)* 0.25 3.07 0.007

Table 5: Matrix of squared correlation coefficients for the variables in Eq. 2
Sis=  S;(HOMO-1)* Q,  S;N(LUMO+2)*

Sis 1.00
S,5(HOMO-1)*  0.11 1.00
Q. 0.00 0.00 1.00
S,N(LUMO+2)* 0.00 0.08 0.00 1.00
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Figure 4: Plot of predicted vs. observed log(K;). values (Eg. 2). Dashed lines denote the 95% confidence interval

The associated statistical parameters of Eq. 2 indicate that this equation is statistically significant and that the
variation of the numerical values of a group of four local atomic reactivity indices of atoms of the common skeleton
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explains about 87% of the variation of log(K;). Figure 4, spanning about 1.4 orders of magnitude, shows that there is
a relatively good correlation of observed versus calculated values.

Results for A;AR receptors.
The best statistically significant equation obtained is the following:

log(K, )=-53.54+87.10Q, -2.441,,+0.26SE (HOMO-2)*+2.87Q,.-12.96Q, )

with n=23, R=0.97, R?=0.94, adj-R?*=0.92, F(5,17)=49.26 (p<0.000001) and a standard error of the estimate of 0.17.
No outliers were detected and no residuals fall outside the +2¢ limits. Here, Qs is the net charge of atom 5, 7 is the
local atomic electronic chemical potential of atom 17, S,5(HOMO-2)* is the electrophilic superdelocalizability of
the third highest molecular orbital localized on atom 2, Q45 is the net charge of atom 15 and Qg is the net charge of
atom 9 (see Fig. 2).Tables 6 and 7 show the beta coefficients, the results of the t-test for significance of variable and
the matrix of squared correlation coefficients for the variables of Eq. 3. There are no significant internal correlations
between independent variables (Table 7). Figure 5 displays the plot of observed vs. calculated log(K;).
Table 6: Beta coefficients and t-test for significance of coefficients in Eq. 3

Beta t(17) p-level
Qs 056 8.10 0.000000
e -0.33 -4.93 0.0001
S,f(HOMO-2)* 0.41 568 0.00003
Qis 0.28 4.06 0.0008
Qs -0.18 -2.63 0.02

Table 7: Matrix of squared correlation coefficients for the variables in Eq. 3

Qs 7S¢ (HOMO-2* Qis Qg
Qs 1.00
S,5(HOMO-2)* 0.12 0.00 1.00
Qs 0.01 0.16 0.00 1.00
Qo 0.03 0.00 0.08 0.01 1.00
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Figure 5: Plot of predicted vs. observed log(K;) values (Eq. 3). Dashed lines denote the 95% confidence interval
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The associated statistical parameters of Eq. 3 indicate that this equation is statistically significant and that the
variation of the numerical values of a group of five local atomic reactivity indices of atoms of the common skeleton
explains about 92% of the variation of log(K;). Figure 5, spanning about 2 orders of magnitude, shows that there is a
relatively good correlation of observed versus calculated values.
Local molecular orbitals
A very important point to stress is the following. When a local atomic reactivity index of an inner local occupied
MO (i.e., (HOMO-1)* and/or (HOMO-2)*) or of a higher vacant MO ((LUMO+1)* and/or (LUMO+2)*) appears in
any equation, this means that the remaining of the upper occupied MOs (for example, if (HOMO-2)* appears, upper
means (HOMO-1)* and HOMO¥*) or the remaining of the empty MOs (for example, if (LUMO+1)* appears, lower
means the LUMO¥) contribute to the interaction. Their absence in the equation only means that the variation of their
numerical values does not account for the variation of the numerical value of the biological property. Tables 8-10
show the local molecular orbitals of atoms 2, 4, 5, 6, 7, 9, 14, 15 and 17.Nomenclature for Tables: Molecule
(HOMO) / (HOMO-2)* (HOMO-1)* (HOMO)* - (LUMO)* (LUMO+1)* (LUMO+2)*.
Table 8: Local molecular orbitals of atoms 2, 4 and 5

Mol.

2(N)

4 (N)

5(C)

1(59)
2 (63)
3(67)
4 (74)
5 (78)
6 (82)
7(78)
8 (82)
9 (86)
10 (78)
11 (82)
12 (86)
13 (82)
14 (86)
15 (90)
16 (78)
17 (82)
18 (82)
19 (82)
20 (86)
22 (86)
23 (82)
24 (86)
25 (82)
26 (89)

571586591-621631666
61162663 1-64T667T6 7T
65166667mn-70n7 17721
7206731 74n-77n78n87n
760771 78n-81n82n83n
80081n82n-85n86m8 7
76677n78n-81182192 7w
8078 1t82n-85186m8 71T
84n85186m-89190191 1t
T6m7Tn78n-81182192n
80081n82n-85n86m8 7
84085186m-89190191 7w
80081182n-85186m9 7w
84085186m-89190191 7w
881891901-931941957
76177678n-81n82191n
80081n82n-85n86m8 7
80081n827-8578671000
80081n827-8578671000
841850686m-891907921
84685n86m-891907921
8008 17827-85186m96T
84085186m-891907103 0
80081182n-85186m9 7w
8708818971-9219371057%

571586 597-60m62163 1
61162663 1-641667T6 7T
65166667n-68n70n7 1t
726731 74n-75n 777781
766771 78n-79n81782n
80081n82n-83n85786T
76677n78n-79n81n82=n
808 182n-8385186T
84n85186m-871891901
T6m7Tn78n-79n8 11821
80081n82n-83n85786T
84085186m-87189190w
800817821-83n851867
84085186m-87n891907w
881891901-911931947
76m77678n-79n8 1782w
80081n82n-83n85786T
800817827-83n85786T
80081782n-83n85786T
841850686m-87n891901
84685n86m-87n891907
800817827-83n85786T
84085186m-87189190n
800817821-83n851867
8708818971-90192193®

571586591-621631641
611626631-64166768 1
65166667n-70n71772w
72073n747-77n787 79w
76077n78n-81182n83w
80081n82n-85n86m8 7
76677 78n-81182n83®
808 182w-85186m87 1
84n85n86m-89190191 1t
TonTTn78n-81182n83
80081n82n-85n86m8 7
83085n86m-89190791 7w
80081782n-85186m8 7w
84085186m-89190791 7w
881891901-931941957
76m7Tn78n-79n8 11827
80081n82n-85n86m8 7
80081n82n-85n86m8 7
80081n82n-85n86m8 7
84185686m-8919019 1
84685n86m-87n891907
80081n82n-85n86m8 7
84085186m-89190791 7w
80081782n-85186m87n
8708818971-90192193®

Table 9: Local molecular orbitals of atoms 6, 7 and 9

Mol.

6(C)

7 (N)

9 (N)

1(59)
2 (63)
3(67)
4 (74)
5 (78)
6 (82)
7 (78)
8 (82)
9 (86)

571586591-621631641
611626631-66T6TT68T
65166667n-70n7 17721
720731 74n-77n78n791
76077n78n-81182n83n
80081n82n-85n86m8 7
76077n78n-81n82n83 1
8078 182n-8518678 71T
84085n86m-8919019 17t

10 (78) 76677n78n-81n82n83n

570586 59n-60n631641
616620631-6416716871
65666067n-68n7 11721
72073n747-75178n 79w
766770678n-79182n83n
800810821-83n86m8 7w
7606771 78n-79n82n83
808 182n-838678 71
84085086m-87190n91n
75677n78n-79n82n83®

571586591-60n63 11647
611626631-64167168 1
65166667n-68n717721
72073n747-75n78n 79w
76077n78n-79182n83n
80081n82n-83n86m8 7
76677n78n-79n81782n
808 182n-8386m8 71
84n85n86m-8 779091
T6m77n78n-79n8 1182w
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11 (82)
12 (86)
13 (82)
14 (86)
15 (90)
16 (78)
17 (82)
18 (82)
19 (82)
20 (86)
22 (86)
23 (82)
24 (86)
25 (82)
26 (89)

80081n82n-85n86m87w
83085186m-89190191 7w
80081n82n-85n86m87w
84085186m-89190191 7w
880891907-931947957n
T6m77n78n-81 1821831
80081182n-85n86m8 7w
8008118271-85n86m8 7w
80081182n-85n86m8 7w
84185686m-89190192 7w
84085186m-89190192 7w
80081n82n-85n86m87w
83184686m-89190191 7w
79180082 7-8 51867881
870881891-92193194 7w

80081182n-83n86m8 7w
84085186m-87190191w
80081182n-83n86m8 7w
84085086m-87190791n
88089690m-91194195n
76m77678n-79180n82n
80081082n-83186m8 71
80081082n-83186m8 7
8008118271-83n86m8 7w
84185686m-87n89190w
84085n86m-87190192 7w
80081182n-83n86m8 7w
83184686m-87190191w
79180082 7-8318678 71
870881891-90192193®

80n817821-83n8 51867
83085n86m-87n89190n
80081782n-83n851867
84n85n86m-8 71891907
881891901-91193194 7w
76n77Tn78n-79n82n83 1
8081 7821-838618 7w
8008118271-83n86m8 71
8008118271-83n85186m
84185686m-87n89190n
84085n86m-87190192 7w
80081782n-83n851867
83184685n-87n89190mn
7918068 1-83n851867
87n88n891-90192193 1

Table 10: Local molecular orbitals of atoms 14, 15 and 17

Mol.

14 (C)

15 (C)

17 (H)

1(59)
2 (63)
3(67)
4 (74)
5 (78)
6 (82)
7(78)
8 (82)
9 (86)
10 (78)
11 (82)
12 (86)
13 (82)
14 (86)
15 (90)
16 (78)
17 (82)
18 (82)
19 (82)
20 (86)
22 (86)
23 (82)
24 (86)
25 (82)
26 (89)

55n56m57n-60n61n627
59160761 1-641651667
631641657-6816971707
707717 73n-75n76m7 71
74757 7w-79180n8 11t
78w 79n81-8384n851
74757 7w-79180n8 11t
T8 79n81-8384n851
82n83n85n-87n88n89n
7307477 77-79180n8 11t
77778181 7-83n847857n
8118278 51-8 788189
78179181 7-83n84785n
8218318 51-8 7188189
86m87n891-91192193 1
73675076m-79n80n81 1
TTn78n797-83184n851
78w 79n81-8384n851
78w 79n81-8384n851
81782183 n-87n88n89n
8178218 5n-87n88n89n
78179181 7-83n847857n
82n85n86m-8 788189
79181 1827n-83n84n85n
85n86m88m-9019 11927

56m57a59n-60n611627
60161163 7-641651667T
641651677-6816977071
726731 74n-75n76n7 71
T6m7Tn78n-79n80n8 1
808 182n-83n84n85n
T6m7Tn78n-79n80n8 1
808 182n-8384n85n
84n85n86m-8 78889
T5n77778n-79n80n8 1t
79181782n-83184n857
83n85n86m-8 7188189
80m817821-8384n857
84n85n86m-8 71881891
881891901-91192193 1
T6m7Tn78n-79n80n8 11
808 182n-8384n85n
808 182n-8384n851
T9n81n827n-83184n851
83184n86m-8 788189
83n85n86m-8 78889
791817821-83184n857
83n85n86m-8 7881891
79181 782n-83184n857
87n88n891-9019 11927

446466586-650660680
456466626-696700730
476496666-74675078c
5706706726-816826836
597716766-850866870
626756800-89690691c
686716760-8468506866
7267506800-886896900
7667906846-936946950
6006706750-8468506866
630746796-896906946
640780836-936946956
6507508005-886896900
680790846-926936946
710830886-966976986
676706770-8468506866
7267506800-886900916
72675068006-886896900
72675068006-886896900
756796856-936946950
7567906846-936946950
72675068005-886896900
7567906846-926936946
7267506800-896906916
7708106876-956966976

Discussion.

Discussion of A;AR receptor affinity [36]

Table 2 shows that the importance of variables in Eq. 1 iswg> SsE(HOMO-1)*> @g,> S1,5(HOMO-2)*. The analysis
of Eqg. 1 shows that a high affinity is associated with small (positive) values of wg, small (negative) values of
SeE(HOMO-1)* and S;,5(HOMO-2)* and with small values of gr,. Now we shall carry out the analysis by separate
of each component of the QSAR equation.R; is the substituent attached to atom 9 (Fig. 2). Inspecting Table 1 allows
us to suggest that a methyl group should be optimal for high affinity. Atom 9 is nitrogen in ring B (Fig. 2). Table 9
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shows that (HOMO), and (LUMO)y" coincide with the molecule’s frontier MOs in all cases. The local atomic
electrophilicity of atom 9, w, is defined as:

B

2n,
where g is the local atomic electronic chemical potential of atom 9 and 1 is the local atomic hardness of the same
atom. As we said before a high affinity is associated with small values for we. To obtain these values for wg we may
diminish the local atomic chemical potential or augment the local atomic hardness. Both procedures cannot be
employed simultaneously. From a mathematical point of view, diminishing the local atomic chemical potential is
more effective. If we move up the LUMO, energy the value of ng will increase and the value of e will move
towards the zero of energy. This action will produce a bad electron acceptor atom but will allow atom 9 to employ
its frontier & electrons to interact with an electron-deficient center. Atom 6 is a carbon in rings A-B (Fig. 2). Table 6
shows that (HOMO-1), has a 7 or ¢ character following the molecule. Small (negative) values of Sg"(HOMO-1)*
are associated with high affinity. The best way to obtain these values is by making more negative the (HOMO-1)g"
energy. If we do the same for (HOMO); this atom becomes a bad electron donor. Therefore we suggest that atom 6
is interacting with an electron-rich site. Atom 14 is a carbon in ring C (Fig. 2). Table 10 shows that (HOMO-2),,"
has a « character in all molecules but one. (HOMO-1)14* is in the same situation. (HOMO)14* has a & character in all
molecules. In 23 of the 26 molecules (HOMO),," does not coincide with the molecular HOMO. The best way to
obtain these values is by making more negative the (HOMO-2),," energy. If we do the same for (HOMO-1),, and
(HOMO),, " this atom becomes a bad electron donor. The whole interaction seems to be orbital-controlled Therefore
we suggest that atom 14 is interacting with an electron-rich site. All the above suggestions are depicted in the partial
2D pharmacophore of Fig. 6.

Mg

(4)

ELECTRON
RICH
CENTER

ELECTRON
RICH
CENTER
SMALL VALUES STk
FOR THE OP CENTER
A J

Figure 6: Partial 2D pharmacophore for A;AR receptor affinity

Discussion of A,aAR receptor affinity

Table 4 shows that the importance of variables in Eq. 2 is S;s=>> S,5(HOMO-1)*>> Q,= S;N(LUMO+2)*.The
analysis of Eq. 2 shows that a high affinity is associated with high (negative) values for Sis© and S,5(HOMO-1)*,
negative values for Q, and small positive values for S;"(LUMO+2)*.Now we shall carry out the analysis by separate
of each component of the QSAR equation. Atom 15 is a carbon in ring C (Fig. 2). Table 10 shows that all local
frontier MOs (i.e., HOMO;5 and LUMO5") coincide with the molecule’s frontier orbitals and that all them have a ©
nature. A higher negative value for Sy is obtained by shifting upwards the occupied MO energies, especially from
the three highest occupied local MOs because they are the dominant terms in the definition of the electrophilic
superdelocalizability, local and total. Also this can be done by generating a degenerate HOMO;s and/or a
degenerate (HOMO-1),5*. This problem can be solved only by quantum-chemical calculations of this molecule with
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a large variety of substituents. We must note that we need to take care of the results because they can affect other
variables appearing in Eq. 2. Then, we suggest that atom 15 is interacting with an electron-deficient center, probably
of m nature. Atom 2 is nitrogen in ring A (Fig. 2). Table 8 shows that the local HOMO,* coincides with the
molecular HOMO and that the local LUMO,* coincides with the molecular LUMO only in some molecules.
Considering that high negative values for S,5(HOMO-1)* are associated with high affinity we may apply the same
reasoning used for atom 15. We suggest that this atom is interacting with an electron-deficient center. This condition
is consistent with the requirement of negative values for the net charge of this atom. Atom 7 is nitrogen in ring B
(Fig. 2). Table 9 shows that all local frontier MOs have a « nature and that they coincide with the molecular frontier
orbitals. Small positive values for S;"(LUMO+2)* are associated with a high affinity. These values are obtained by
shifting upwards the MO energy, diminishing its electron-acceptance capacity. Therefore, we suggest that this atom
also interacts with an electron-deficient center. The interaction seems to be charge- and orbital-controlled. All the
above suggestions are depicted in the partial 2D pharmacophore of Fig. 7.
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Figure 7: Partial 2D pharmacophore for A,,AR receptor affinity

Discussion of AsAR receptor affinity

Table 6 shows that the importance of variables in Eq. 3 is Qs> S,"(HOMO-2)*> p;7> Q15> Qq.The analysis of Eq. 3
shows that a high affinity is associated with a negative net charge on atom 5, a large (negative) value for p,,, a high
(negative) value for S,5(HOMO-2)*, a negative net charge on atom15 and a positive one on atom 9.Now we shall
carry out the analysis by separate of each component of the QSAR equation. Atom 5 is a carbon belonging to rings
A and B (Fig. 2). Table 8 shows that the local HOMOs  coincides with the molecular HOMO in all cases. LUMOs"
coincides with the molecular LUMO in only four cases. All local MOs have a m nature. Given the situation of the
frontier local MOs and the requirement of a negative net charge, we suggest that this atom is interacting with an
electron deficient center that probably is positively charged. Note that Qs is the most significant variable in Eq.
3.Atom 4 is nitrogen in ring A (Fig. 2). Table 8 shows that all local frontier MOs, HOMO ,* and LUMO,*, coincide
with the molecular frontier MOs and that all them have a m nature. A large (negative) value for S,5(HOMO-2)* is
associated with high affinity. Given that higher negative values are obtained by shifting upwards the MO energy (or
by increasing the local MO population), the electron-donating capacity of this atom will be increased. Therefore, we
suggest that atom 4 is interacting with an electron-deficient center. Atom 17 is the hydrogen bonded to N16 (Fig. 2).
Table 10 shows that all MOs have ¢ nature. HOMO,;* is close to the molecular HOMO and LUMO;*.A large
(negative) value for py; is associated with high affinity. The local atomic electronic chemical potential is the
midpoint of the HOMO;* and LUMO;* energies. The only way to get more negative values for this index is by
suppressing the actual HOMO,* in such a way that an inner occupied molecular MO becomes the new HOMO;*.
This will diminish the electron-donating capacity of atom 17. Now, the other way to help to obtain larger (negative)
values for n17 is by shifting downwards the local MO energy. This can be done by localizing the molecule’s HOMO
on atom 17. This, in turn, will increase the electron-acceptor capacity of this atom. This can be rationalized by
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suggesting that atom 17 is participating in a hydrogen bond. Atom 15 is a carbon in ring C (Fig. 2). A negative net
charge on this atom is associated with high affinity. This suggests an electrostatic interaction with a positively
charged atom or group (ammonium for example).Atom 9 is nitrogen in ring B (Fig. 2). A positive net charge on this
atom is associated with high affinity. This suggests an electrostatic interaction with a negatively charged atom or
group (carboxylate for example).The interaction is also orbital- and charge-controlled. All the above suggestions are
depicted in the partial 2D pharmacophore of Fig. 8.
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Figure 8: Partial 2D pharmacophore for AsAR receptor affinity

In summary, we have obtained significant formal relationships between the electronic structure of a series of N°-8,9-
trisubstituted purine derivatives and their affinity for three adenosine receptors. The pharmacophores suggested here
should be useful for quantum-chemical studies of new molecules with enhanced affinity. Also, it could serve as a
guide for the synthesis of new molecules with enhanced or diminished receptor affinity.
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