Brazilian Journal of Physics

BRAZILIAN JOURMAL OF

> ISSN: 0103-9733
luizno.bjp@gmail.com
Sociedade Brasileira de Fisica
Brasil

Soteras, Ignacio; Morreale, Antonio; Lopez, José Maria; Orozco, Modesto; Luque, F. Javier
Group contributions to the solvation free energy from MST continuum calculations
Brazilian Journal of Physics, vol. 34, num. 1, march, 2004, pp. 48-57
Sociedade Brasileira de Fisica
Séo Paulo, Brasil

Available in: http://www.redalyc.org/articulo.oa?id=46434107

How to cite é} //._‘-

.
p .

Complete issue o .
P Scientific Information System

More information about this article Network of Scientific Journals from Latin America, the Caribbean, Spain and Portugal

Journal's homepage in redalyc.org Non-profit academic project, developed under the open access initiative


http://www.redalyc.org/revista.oa?id=464
http://www.redalyc.org/articulo.oa?id=46434107
http://www.redalyc.org/comocitar.oa?id=46434107
http://www.redalyc.org/fasciculo.oa?id=464&numero=3168
http://www.redalyc.org/articulo.oa?id=46434107
http://www.redalyc.org/revista.oa?id=464
http://www.redalyc.org

48 Brazilian Journal of Physics, vol. 34, no. 1, March, 2(

Group Contributions to the Solvation Free Energy
from MST Continuum Calculations

Ignacio Soteras$, Antonio Morreale? Jo$ Maiia Lopez! Modesto Orozcd, and F. Javier Lugue
! Departament de Fisicoqmica, Facultat de Farracia, Universitat de Barcelona,
Avgda Diagonal 643, Barcelona 08028, Spain
2 Molecular Modelling and Bioinformatic Unit, Institut de Recerca Beatita,
Parc Cientfic de Barcelona, Josep Samitier 1-5, Barcelona 08028, Spain,
and Departament de Biogmica i Biologia Molecular, Facultat de Qmica,
Universitat de Barcelona, Mairt Franques 1, Barcelona 08028, Spain

Received on 22 September, 2003.

Group contributions to the free energy of solvation in water and octanol as well as to the octanol/water partition
coefficient have been determined from Miertus-Scrocco-Tomasi continuum calculations. Particular attention is
paid to the influence exerted by the procedure used to carry out the charge normalization in the MST model, as
well as to the formalism of the partitioning scheme. A good agreement is found between the group contributions
calculated by using different charge normalization and partitioning schemes in a series of structurally related
drug-like molecule. Finally, the transferability of the group contributions determined for common chemical
fragments along the series of molecules is discussed.

1 Introduction ogous series, i. e. a compound bearing that fragment
the unsubstituted (reference) compound [8-10]. In the
The relevance of solvation in modulating the biological ac- ers, the molecules are subdivided into different fragm:
tivity of drugs is well known for decades [1-4]. In fact, (atoms, functional groups) and their contributions are
solvation influences the activity of a drug at two different- termined by using a suitable fitting procedure [for instar
complementary levels. First, the drug must be soluble in see Refs. 11-13]. Those fragment-additive schemes as
aqueous environments, but it has to pass biological mem-that each fragment contribute a constant amount to the
branes which are strongly apolar. Accordingly, a proper bal- modynamic quantity, which can be estimated by adding
ance between the global hydrophilic and lipophilic proper- contributions of the different groups in the molecule. Hc
ties of the drug is required to ensure a correct distribution ever, the near-independence on the molecular environ
profile in the organism [5]. Second, binding to the target re- might also limit their use for the quantitative description
ceptor implies that the drug (and the receptor) must be par-the solvation around molecules.
tially or totally desolvated. This energetically unfavourable In the last years theoretical methods have been dk
process must be counterbalanced by the formation of suit-oped for the calculation of fragment contributions to the
able contacts between the drug and the receptor, which sugvation free energy, particularly in the framework of quant
gests that there must exist some complementarity betweemmechanical (QM) continuum solvation methods [14,]
the electrostatic, steric and hydrophobic properties of the Thus, fractional methods based on the GB/SA methods
drug and the receptor binding site [6]. Therefore, not only been developed by Cramer and Truhlar [16,17]. Our
the total free energy of solvation, but also the tridimensional group has developed also similar algorithms using the st
distribution of polar and apolar regions along the molecu- tion method developed by Miertus-Scrocco-Tomasi (M:
lar skeleton should be considered to understand biologicalmodel [18,19]. Though these methods demand a size
activity of molecules [7]. computational effort for large-sized molecules, they have
The three dimensional representation of solvation canmain advantage that the contributions are computed co
be obtained by means of the concept of group contribution ering explicitly the molecular environment.
[7]. These parameters are typically derived from empiri- Following our previous studies, we examine here the
cal schemes. In some of these methods the contributionfluence of the MST-charge normalization procedure on
of a given fragment is calculated from the difference be- computed group contributions. Attention is also paid to
tween the property values for related molecules in a homol- comparison between two different partitioning schemes
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fined in the context of NDDO-based QM MST calculations.

Finally, the transferability of the group contributions within N M q;
a series of structurally related drug-like molecules is also Zl Irj — 7|
discussed. !

where) is the total number of surface elementsn which
the solute cavity is divided ang denotes the set of charges

2 Theoretical framework (located at-;) that represents the solvent response.
2.1 The MST continuum model el (OVr 6
q] e J an ( )
J

The solvation process is divided in three stages [20]: i) gen-
eration of a cavity in the solvent, ii) insertion of the “un-

charged” solute, and iii) generation of the solute charge dis-
tribution. Accordingly, the solvation free energi&G.i, - ) . ;
can be computed as the addition of cavitatiotG..., ), van elementj, ande is the solvent dielectric constant.

der Waals AG.w) and electrostaticAG.;.) components Finally, the electrostatic component &G, is deter-
(Eq. 1). mined as noted in Eq. 7, where the indesol' means

that the perturbation operator is adapted to the fully relaxec
AGay = AGuuy + AGyw + AGure 1) charge distribution of the solute in solution, and the index
“o" stands for the gas phase environment.
The cavitation free energy is determined following
Pierotti’'s scaled particle theory [21] adapted to molecular

whereVr is the total electrostatic potential, which includes
both solute and solvent contributions,is the unit vector
normal to the surface elemefitS; is the area of the surface

shaped cavities by using the procedure proposed by Claverie AG,;. = (¥ |H° + %Vlz"l ol — (W0 |H°| W°) (7)
[22]. Thus, the cavitation free energy of atoyd\G¢o_ p;, iS

determined weighting the contribution of the isolated atom, .

AGp;, by the ratio between the solvent-exposed surface of2'2 Charge normalization

such an atomy;, and the total surface of the molecuké;, A delicate issue in the MST (and PCM) model is the treat-
as noted in Eq. 2, where N is the number of atoms. ment of the charge normalization, which is necessary owing

to two different effects: i) the solute charge density that lies

N N outside the cavity, and ii) the numerical errors due to tes.

AG ean = Z AGe_pi= Z iAGP,i 2) sellation of the cavity surface. Accordingly, the sum of the
= St

i=1 apparent surface charged, = > ¢;, do not satisfy the

J
The van der Waals term is computed using a linear re- relationship given by Eq. 8, whem@,; denotes the total
lationship to the solvent-exposed surface of each atom, asharge of the solute, and the error in the charges is given b

noted in Eq 3, wheré\Gy.; is the van der Waals free en-  Ag = Qihcor — Qoy WhereQineor = =1 Q.
ergy of atomi, and¢; is the atomic surface tension, which 1
is determined by fitting to the experimental free energy of Qy = — Qum (8)

9
The original MST model [26] takes into account the
N N charge normalization by using the expressions given in Eqs
AGyqw = Z AGyduw,i = Z &S; (3) 9a-b, where)+ andQ; denote the sum of positive and neg-
i=1 i=1 ative apparent charges, respectively.
Finally, the electrostatic contribution is determined as-

solvation [23-25].

suming that the solvent is a continuum polarizable medium, ¢; = q;[1+A,/(2Q7)] for ¢; >0 (9a)
which reacts against the solute charge distribution. Follow-

ing the original formalism of the Pisa’s Polarizable Contin- ¢ = q;[1+ A, /(2Q7)] for ¢; <0 (9a)
uum Model [14, 26], the reaction field generated by the sol- 7 _ 7 '

vent is introduced as a perturbation operaigs, into the Further efforts carried out by the Pisa group [27, 28]

Schiddinger equation (Eq. 4). Such a perturbation operatorha"e given.rise to a most elaborate treatment of the charg
is expressed in terms of a set of imaginary charges locatecfompensation, which allows us to treat separately the twe
on the solute cavity (Eg. 5), which are obtained by solving SOUrces of errors and presumably is better suited to ac

the Laplace equation with suitable boundary conditions (Eqg. cOUnt for local effects related to the asymmetry of the elec-
6). tron charge distribution. The new approach relies on twc

main features. First, the introduction of separate factors fo
the apparent charges induced by the nucféi)(and the

I N B
(H * §VR> V=B “) electronsf¢), which makes possible the direct correction of
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the numerical errors on the nuclear part due to the discretiza-2.3 ~ Partitioning of the free energy of solvation
tion of the cavity (Eg. 10). Second, the explicit calculation
of the charge density outside the cavi€y,(,) which is de-
termined from the flux of the solute electric field through
the cavity surface (Eq. 11). By calculating with accuracy
Qout, @and by taking into account its effect through an extra
set of apparent charges, the solvent response induced by the
electron charge density inside the cavify;£ ) is then only
affected by the numerical errors due to tessellation of the
cavity (Eq. 12).

Partitioning of the non-electrostatic terms into atomic c
tributions is straigthforward, since they are related to
solvent-accessible surface of atoms see Egs. 2 and 3),
partition of the electrostatic term is more difficult, but c
be achieved by using a perturbation treatment of the mt
polanzatlon between solute and solvent, which allows u
rewrite Eq. 7 as noted in Eq. 13 [29].

1.
AGe = (U° §V§"l v > (13)
2y df = _— ; 1Qf4 (10) Since Eq. 13 computes the electrostatic component
j the interactions between the charge distribution of the sc

with the set of apparent charg¢g;° }that define the sol

vent reaction field (see Eq. 5), it allows us to decomp

. . 1 AG, into atomic contributions, as noted in Eq. 14. T

Qout = —(Q%y — Qin) = —(Qly + E/SEM(S) 1 - ds) procedure, which can be implemented in both semiem
(11) cal andab initio versions of the MST model, computes t

whereE)(s) is the electric field created at each tessera of fractional contributions ta\G,,;. of a given atomifrom the
the cavity. interaction energy between the whole charge distributio
the molecule with the apparent charges located at the

e 1 face elements pertaining to the portion of the cavity ge|

Oy 4= ——Qunr (12)  ated from that atom. This scheme will be denoted here:

3 . .
J surface-basegartitioning method.

J

N N 1 M N
AG’ele = Z AG(ele,i = Z 5 Z Z Z Z—P;w Xu

=1 =1 1 =1 pekvek

—|‘ ) |+ qu— (14)

wherey stands for the basis of atomic orbitals, afg, is mentsur associated to the atoirwith the whole set of ap

the uv element of the one-electron density matrix. parent charges spread over the cavity. This approach, v
In the framework of NDDO-based methods, an alterna- has already been examined by treating the solute charg

tive partitioning can also be envisaged, as noted in Eq. 15.tribution at the classical level [30], is denotatbm-basec

Accordinhly, the fractional contribution of a given atam  partitioning scheme.

is determined from the interaction energy between the ele-

]

N N M
1 q;
AGele = Z AC"Yele,i = Z 5 Z Z Z ,u.l/ ‘ ‘ XV> + Zzﬁ (15)
i=1 i=1 " j=1 u€i vei J
|
Whatever the method chosen to partition the electrostatic
component, the solvation free energy can be then expressed N

in terms of atomic contributiong\G,; ; (Eq. 16). AG., = Z AGor; = Z (AGetei + AGe-py; + AGyy
3 1=1

(16)
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Figure 1. Schematic representation of the chemical structure of tacrine-like compounds.

Compound X Y R’ R” V4
la CH2 CH2 H H CH2
1b CH, CH, H H O
2a CHQ CHQ H F CHQ
2b CH, CH, H F O
3a CH, CH, Cl H CH,
3b CH, CH, Cl H O
4a CH, CH, H Cl CH,
4b CH, CH, H Cl 0]
5a CH, CH, H OCH; CH,
5b CH, CH, H OCH; 0
6a CH2 CH2 H CH3 CH2
6b CH, CH, H CHjs 0]
7a CH, N H H CH,
7b CH, N H H O
8a N CH2 H H CH2
8b N CH, H H O
2.4 Technical details of the simulations culations were carried out using local versions of MOPAC

[32] and MonsterGauss [33] programs.
Calculations were performed for a series of compounds

closely related to tacrine (i.e., the first drug approved by . .
the FDA for the treatment of Alzheimer's disease [31]; see 3 Results and discussion
Fig. 1). This series of molecules was chosen because it al-
lows us to analyze the group contributions for three distinct The electrostatic componem\G,,., of the free energy of
fragments. First, the central 4-aminopyridine unit, which solvation in water and octanol for the series of tacrine-like
is common to all the compounds. Second, the alicyclic Z- compounds determined from MST-HF/6-31G(d) and MST-
(CHy)3 fragment, with Z being Cklor O (denoted by and AML1 calculations are shown in Table 1. As expected from
b, respectively, in the numbering of the compounds). Third, the presence of polar groups, there is a significant contri
the aromatic X-Y-C(R")-C(R”) fragment, which supports all bution of the electrostatic term to the solvation of neutral
the chemical differences between compounds, mainly in-compounds in waterXG,;. values varying from -9 to -20
volving the presence of several heteroatoms. These chemkcal/mol). Compared to the results obtained in water, the
ical differences are exploited here to also examine the trans-electrostatic free energy in octanol is reduced by aroun
ferability of the contributions to the free energy of solvation 60%, reflecting the lower polarity of octanol compared to
and to the partitioning coefficient exerted by the common water.
groups along the series of molecules. The HF/6-31G(d) results determined by using the two
MST calculations were performed in water and in oc- charge normalization procedures are very similar, as note
tanol, which allows us to discuss the differential trends of in the small magnitude of the mean-signed error (i:d)
the solvation in the two solvents. The standard parametersand root-mean square deviation (rmsi3), as well as in
of the MST model [23-25] were used in all the calculations. the scaling coefficient of the regression equations, which i
Geometries of the compounds were optimized at the HF/6-Cl0se to unity (see Table 1). In fact, the differences aris-
31G(d) and AM1 levels in the gas phase and kept frozening from the two charge normalization schemes are clearl,
in MST calculations. For the surface-based partitioning Smaller than those due to the useatf initio and semiem-
scheme, calculations were done at both HF/6-31G(d) andpirical versions of the MST continuum model, especially for
AML1 levels. With respect to the atom-based approach, cal-the solvation in water. This finding is also clearly reflected
culations were carried out only at the AM1 level. MST cal- in the electrostatic component of the octanol/water partitior
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Table 1. Electrostatic component of the solvation free energy (kcal/mol) for the tacrine-like compounds determin
MST-HF/6-31G(d) and MST-AML1 calculations. MST-HF/6-31G(d) calculations were performed by using two different
normalization procedures (see text). The statistical analysis of the results (mse: mean signed error; rmsd: root-me
deviation; c: scaling coefficient of the regression equagiencx; r: Pearson’s correlation coefficient) is performed by us
the HF/6-31G(d) (Eg. 12) results as reference data.

Water Octanol
Compound  -Hers 3TG(d) | HF6-31G(d) | AML | HF/6-31G(d) | HF/6-31G(d) | AMT
Eq. 9 Egs. 10,12 Eq.9 | Eq.9 Eq. 10,12 Eq. 9

1a -10.7 1.2 136 | 46 4.9 6.6
1b 148 153 184 | 6.7 72 35
2a 838 92 113 |35 37 55
2b 12,9 131 57 |56 59 41
3a -10.2 -10.8 123 |45 47 6.0
3b 142 -14.6 171 | 6.7 6.8 34
da 87 838 109 | 32 35 53
ab 125 125 146 |55 556 456
5a -10.4 -10.9 145 | -46 43 6.6
5b 146 -14.8 184 | 6.8 7.0 42
6a -10.5 -10.4 133 |42 44 6.4
6b 14.4 143 7.7 | 65 6.7 6.7
7a 171 -16.8 196 |-73 75 9.3
7b -20.9 20.9 244 | -102 -10.1 5.0
8a 132 132 150 |55 556 7.0
8b -16.8 7.2 87 |79 78 6.6
mse -0.2 -2.8 0.2 -0.3
rmsd 0.3 2.9 0.2 0.5

c 1.01 1.2 1.00 1.06
r 1.00 0.97 1.00 0.99

Table 2. Electrostatic contribution to the octanol/water partition coefficient for the tacrine-like compounds determin
MST-HF/6-31G(d) and MST-AM1 calculations.

Compound | HF/6-31G(d) | HF/6-31G(d) | AM1
Eq. 9 Egs. 10,12 Eq. 9
la -4.4 -4.6 -6.7
1b -5.9 -6.0 -8.6
2a -3.9 4.1 -5.7
2b -5.3 -5.3 -7.5
3a -4.2 -4.5 -6.0
3b -5.5 -5.7 -8.2
4a -4.0 -3.8 -55
4b -5.1 -5.1 -6.8
5a -4.3 -4.4 -7.3
5b -5.7 -5.8 -8.7
6a -4.6 -4.4 -6.6
6b -5.8 -5.6 -8.3
7a -7.2 -6.8 -9.5
7b -7.8 -7.9 -11.1
8a -5.6 -5.6 -7.3
8b -6.5 -6.8 -8.6
mse* 0.0 -2.3
rmsd 0.2 2.3
c 1.00 141
r 0.98 0.94

“See legend to Table 1.
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coefficient {og Pj}fv; see Eq. 17), as noted in the results
shown in Table 2, which evidence the close similarity in the
log Pj}fy values obtained from the two charge normalization

53

procedures for molecules having a larger anisotropy in the
charge distribution might not be ruled out.
Let us now turn our attention to the dependence of the

procedures. In summary, no big changes can be expected igroup contributions on the scheme adopted to partition the
the total free energy values due to the use of different chargesolvation free energy. As noted above, two different par-

normalization procedures.

_ AGec(wate) — AG. (octano)
2.303RT

log pele —

o/w T (17)
The group contributions tAG,;. andlog lefﬂ of the
three structural fragments are given in Table 3. Due to the

chemical maodifications in the aromatic X-Y-C(R’)-C(R")
fragment, the contribution of this fragment is very different
along the series of compounds (for instance, it varies from
around -1 to -7 kcal/mol for the hydration free energy). In
contrast, a roughly constant contribution is found for the ali-
cyclic Z-(CH,)3 unit, with average values of -0.6 (-0.3) and
-4.2 (-1.8) kcal/mol for the solvation in water (octanol) of
compoundda8a(Z=CH,) and1b-8b (Z=0), respectively.

In turn, the contribution tdog P/ of the Z-(CH;); frag-
ment is rather constant (see Table 3),
0.3 for Z=CH, and -1.6 for Z=0O (in logP units). Finally,
the average contribution of the 4-aminopyridine unit, which
is common to all the molecules, to the solvation in water
amounts to -8.4 kcal/mol, though it varies in a range of near
4 kcal/mol for the different compounds. A similar behaviour
is found for the solvation in octanol (average contribution of
-3.5 kcal/mol), where it varies in a range of near 3 kcal/mol.

titioning schemes oAG,,;. can be defined in the context
of MST-AM1 calculations. In thesurface-base@pproach
(Eqg. 14), the fractional contribution of a given atom is de-
termined from the interaction of the whole molecule with
the solvent’s reaction field generated in the solvent-expose
surface of such an atom. On the contrary, indt@m-based
approach (Eq. 15) it is determined from the interaction of
the atom with the solvent’s reaction field in the entire sur-
face of the molecule.

In principle, for compounds having particular structural
features the two partitioning schemes might provide very
different results. However, in practice, for the series of
tacrine-like compounds, our results indicate that the two par
titioning schemes provide very similar group contributions
to bothAG,;. andlog Pj}j;} (see Table 4). Thus, the largest
differences amount to around 0.7 and 0.5 kcal/mol for the

it being on aVeragefragmental contributions to the solvation in water and in oc-

tanol, and to around 0.3 logP units for the partition coeffi-
cient. This agreement strongly supports the qualitative valu
of the fractional contributions derived here, since they do no
appear to be very dependent on the arbitrary selection of
given partitioning scheme [30].

To investigate the transferability of the group contribu-
tions to bothAG,,;. andlog Pl , each of these quantities

o/w’

As a result, the 4-aminopyridine fragment has an average(X) was calculated (see Eq. 18) by adding the contributior
contribution of 3.6 logP units, though the values obtained for Of the X-Y-C(R’)-C(R") fragment to the average contribu-
the series of compounds vary by around 1 logP unit. Thesetion (X)determined for the 4-aminopyridine unit, which is
findings reveal the large influence played by the chemical common to all the molecules, and for the Z-(Gki frag-
environment, specially for the hydration free energy, which Ment, which is shared by compountia-8a (Z=CH;,) and
makes it necessary to be cautious about the transferability oflb-80 (Z=0). The thermodynamic quantities estimated from
the group contributions to the solvation free energy. Eq. 18 were subsequently compared with the values dete

Table 3 also shows that the two charge normalization Mined for the whole molecule from QM MST-HF/6-31G(d)
schemes provide generally very similar group contributions calculations.
to the solvation for the three distinct units. Thus, the aver-
age difference for the group contributions to the solvation in
octanol amount to 0.1 kcal/mol. Slightly larger differences
are found for the solvation in water, specially for the con-
tribution due to the aromatic X-Y-C(R’)-C(R”) fragment, as
expected from the occurrence of chemical modifications in-
volving heteroatoms. However, the differences are on av-
erage less than 0.8 kcal/mol. Accordingly, the group con-
tributions tolog Pj/lfu are not largely affected by the charge
normalization procedure (average error 0.4 logP units; se
Table 3).

Based on the preceding results, it can be stated that th
two charge normalization formalisms behave similarly for
the series of tacrine-like compounds examined here, which
gives support to the conclusions derived previously for se-
lected small organic compounds [28]. Moreover, its influ-
ence on the group contributions is sensibly smaller than the
effect exerted by the chemical environment. Nevertheless,
the appearance of significant differences between the two

X=X +X +X

X—-Y—-C(R')-C(R”) 4—a min opyridine Z—(CH2)3

(18)
The results of the statistical analysis are shown in Table
5. Overall, the mse between the fragment-additive and QN
values is close to zero in all cases. Moreover, the fragment

additive and QM results correlate very wéll.91 < r <
0.95), and the scaling coefficients are close to unity. How-
cever, the rmsd amounts to 0.9 and 0.6 kcal/mol for the solva
tion in water and octanol, thus reflecting the nonnegligible
ee1‘fect due to the chemical environment on the fragmenta
contribution of the 4-aminopyidine unit (see above), which
is the common structural unit along the series of compounds
This effect, nevertheless is less apparent for the electrostat
component of the octanol/water partition coefficient, since
the rmsd between the fragment-additive and QM values i

reduced to only 0.3 (in logP units).
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Table 3. Group contributions to the electrostatic component of the free energy of solvation (kcal/mol) and to the octanol/water
coefficient determined for the three basic units (see Scheme 1) of the tacrine-like compounds. Contributions obtained from M
31G(d) calculations considering two charge normalization procedures (see text) and the surface-based partitioning approach.

Compound | Aromatic | 4-aminopyridine | Alicyclic
Eq.9 | Egs.10,12 | Eq. 9 | Egs.10,12 | Eq.9 | Egs.10,12
AG,,, (water)
1a -0.9 -2.0 -9.3 -8.5 -0.5 -0.7
1b -0.9 2.1 -9.4 -9.4 -4.5 -3.9
2a -1.0 -1.6 -7.4 7.1 -0.4 -0.6
2b -0.8 -1.5 -7.9 -8.0 -4.1 -3.6
3a -1.6 2.0 1.7 1.7 -0.9 -1.1
3b -15 -2.0 -8.3 -85 -4.4 -4.1
4a -1.1 -1.7 7.1 -6.4 -0.5 -0.7
4b -0.9 -1.6 -7.4 7.3 -4.2 -3.7
5a -1.8 2.9 -8.5 -7.6 -0.1 -0.4
5b -1.7 -2.9 -8.6 -8.3 -4.3 -3.6
6a -1.0 -1.9 -8.8 -7.6 -0.6 -0.9
6b -1.0 2.1 -8.9 -8.3 -4.5 -3.9
Ta -7.0 -6.5 -9.5 -9.5 -0.6 -0.8
7b -6.5 -6.6 -10.0 -10.2 -45 -4.2
8a -5.0 -4.5 -7.3 -7.6 -0.9 -1.0
8b -4.4 -4.6 -8.1 -8.6 -4.3 -4.0
Al 0.5 0.5 0.2
-0.7 0.0 0.5
AG,,, (octanol)
1a -0.8 -1.0 -3.6 -3.7 -0.2 -0.3
1b -0.9 -1.1 -4.1 -4.3 -1.8 -1.8
2a -0.7 -0.8 -2.6 -2.6 -0.2 -0.3
2b -0.6 -0.8 -3.2 -34 -1.8 -1.8
3a -0.9 -1.0 -3.2 -3.3 -0.4 -0.4
3b -0.9 -1.0 -3.9 -3.9 -2.0 -2.0
4a -0.7 -0.8 -2.3 -2.4 -0.3 -0.3
4b -0.6 -0.7 -3.1 -3.1 -1.8 -1.8
S5a -1.4 -15 -3.1 -3.2 0.1 0.1
5b -1.4 -1.6 -3.7 -3.7 -1.7 -1.7
6a -0.9 -1.0 -3.0 -3.0 -0.3 -0.4
6b -0.9 -11 -3.7 -3.8 -1.8 -1.8
7a -3.0 -3.0 -4.0 -4.2 -0.3 0.3
7b -3.1 -3.1 5.1 5.1 -2.0 -2.0
8a 2.1 -2.0 -2.9 -3.1 -0.4 0.5
8b 2.1 2.1 -3.8 -3.8 2.0 -1.9
A? 0.1 0.1 0.0
0.1 0.1 0.0
ele
Iog R}/ w

1a 0.1 -0.7 -4.2 -3.6 -0.2 0.3
1b 0.0 -0.7 -3.9 -3.8 -2.0 -1.5
2a 0.2 -0.6 -35 -3.3 -0.1 -0.2
2b -0.2 -0.5 -3.4 -34 -1.7 -1.4
3a -0.5 -0.8 -3.3 -3.2 -0.3 -0.5
3b -04 -0.8 -3.2 -3.4 -1.8 -15
4a -0.3 -0.6 -3.5 -2.9 -0.2 -0.3
4b -0.2 -0.6 -3.2 -3.0 -1.8 -1.4
5a -0.3 -1.0 -3.9 -3.3 0.0 -0.2
5b -0.2 -0.9 -3.6 -34 -1.9 -15
6a 0.1 -0.7 -4.3 -3.4 -0.2 -0.4
6b -0.1 -0.7 -3.8 -3.3 -2.0 -1.5
7a 2.9 2.6 -4.1 -3.9 -0.2 -0.4
7b 2.5 2.6 -3.6 -3.7 -1.8 -1.6
8a -2.1 -1.8 -3.2 -3.3 -0.3 -0.4
8b -1.7 -1.8 -3.2 -35 -1.7 -1.6
A 0.3 0.4 -0.1
-0.4 0.1 0.3

“Difference in the group contributions determined with the two charge normalization schemes for compa@&adg&op) and1b-8b
(bottom).
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Table 4. Group contributions to the electrostatic component of the free energy of solvation (kcal/mol) determined for the three basic
(see Scheme 1) of the tacrine-like compounds. Contributions obtained from MST-AM1 calculations considering surface- and atom-
partitioning schemes.

Compound Aromatic 4-aminopyridine Alicyclic
Eq.14 | Eqg.15 Eq. 14 | Eg. 15 Eq.14 | Eq.15
DGy, (water)

1a -15 -1.0 -12.1 -12.5 0.0 0.1
1b -1.4 -0.8 -12.4 -12.0 -4.6 -5.4
2a -1.3 -0.8 -10.0 -10.5 0.0 0.0
2b -1.0 -0.2 -10.5 -10.3 -4.2 5.1
3a -1.7 -1.2 -10.4 -10.7 -0.2 -0.3
3b -1.5 -0.9 -11.1 -10.8 -4.5 -5.2
4a -1.3 -0.6 9.7 -10.4 0.1 0.1
4b -0.8 0.0 -9.7 -9.4 -4.1 -5.0
5a -3.0 -2.6 -10.9 -11.2 -0.6 0.3
5b -2.6 -1.9 -11.4 -11.1 -4.4 -5.3
6a -1.8 -1.0 -11.4 -12.3 -0.1 0.2
6b -15 -0.8 -11.6 -11.3 -4.6 5.4
7a 75 7.2 -11.9 -12.4 -0.2 0.1
7b 7.1 7.2 -12.8 -11.6 -4.5 -5.4
8a -5.2 -3.7 -9.4 -10.7 -0.4 -0.4
8b -4.5 -3.1 -10.1 -10.4 -4.2 5.1
N 0.7 -0.6 0.2

0.7 -04 -0.8

AGg, (octanol)

1a -0.7 -0.4 -3.7 -4.2 -0.1 0.1
1b -0.7 -0.4 -4.3 -4.2 -1.6 2.0
2a -0.6 -0.2 -2.8 -3.3 -0.2 0.0
2b -0.5 0.0 -34 -3.5 -1.6 -1.9
3a -0.7 -0.4 -3.3 -3.7 -0.2 -0.1
3b -0.6 -0.3 -3.8 -3.8 -15 -1.9
4a -0.6 -0.3 -2.8 -3.2 -0.1 0.0
4b -0.5 -0.1 -3.2 -3.3 -15 -1.9
5a -1.2 -0.9 -3.3 -3.9 -0.1 0.2
5b -1.2 -0.7 -3.9 -3.9 -15 -1.9
6a -0.8 -0.4 -33 -39 -0.2 0.1
6b -0.8 -0.4 -4.1 -4.1 -1.6 -2.0
7a -2.5 -2.5 -4.0 -4.3 -0.1 0.1
7b 2.7 2.7 -4.9 -4.4 -1.7 2.2
8a -1.8 -11 -3.0 -3.8 -0.3 -0.2
8b -1.7 -0.9 -3.7 -4.1 -16 2.0
A? 0.3 -0.5 0.2

0.5 0.1 -0.4

ele
|Og I:’olw

la -0.6 -0.4 -6.2 -6.1 0.1 0.0
1b -0.5 -0.4 -6.0 -5.7 -2.2 -25
2a -0.6 -0.4 5.3 5.3 0.1 0.0
2b -0.4 -0.1 -5.2 -5.0 -2.0 -2.4
3a -0.8 -0.6 -5.2 -5.1 0.0 -0.1
3b -0.7 -0.5 5.3 -5.2 -2.1 24
4a -05 -0.2 -5.1 -5.2 0.1 0.0
4b -0.2 0.0 -4.8 -4.5 -1.9 2.3
Sa -1.4 -1.3 5.6 5.4 -0.4 0.1
5b -1.1 -0.9 -5.6 -5.3 -2.1 -2.5
6a -0.7 -0.5 -5.9 -6.1 0.0 0.1
6b -0.5 -0.3 -5.5 -5.3 -2.2 -2.5
7a -3.6 -3.5 -5.8 -5.9 -0.1 0.0
7b -2.9 -3.3 -6.1 5.3 -2.1 24
8a -2.5 -1.9 -4.7 -5.0 -0.1 -0.2
8b -2.0 -1.6 -4.7 -4.6 -1.9 2.2
A? 0.2 -0.1 0.0

0.2 0.2 -0.3

* Difference in the group contributions determined with the two partitioning schemes for compounds 1a-8a (top) and 1b-8b
(bottom).
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Table 5. Statistical analysis of the electrostatic component of the solvation free energy and the octanol/water partiti
cient determined from MST-HF/6-31G(d) calculatiérad those obtained by the averaged group contributions (Eq. 18

AG .. (waten AG .. (octano) log P°e
mse -0.1 0.2 0.0
rmsd 0.9 0.6 0.2
c 1.00 1.02 0.99
r 0.93 0.91 0.95

“ Values determined by using Egs. 10 and 12.
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